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A mathematical model of the current density distribution

in electrochemical cells

KONSTANTIN I. POPOV12*# PREDRAG M. ZIVKOVIC! and NEBOJSA D. NIKOLIC?#
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Belgrade and 2ICTM — Institute of Electrochemistry, University of Belgrade,
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(Received 12 March 2010, revised 4 March 2011)

Abstract: An approach based on the equations of electrochemical kinetics for
the estimation of the current density distribution in electrochemica cells is
presented. This approach was employed for a theoretical explanation of the
phenomena of the edge and corner effects. The effects of the geometry of the
system, the kinetic parameters of the cathode reactions and the resistivity of the
solution are also discussed. A procedure for a complete analysis of the current
distribution in electrochemical cellsis presented.
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806 POPOV, ZIVKOVIC and NIKOLIC

1. BASICFACTS

It is known that electrodeposited metals can have different morphologies at
different positions of the electrode surface. This means that the local current den-
sity during electrodeposition of metals varies from point to point on the electrode
surface. Even for a simple electrode configuration, the calculation of the current
distribution in a classical manner is a complex problem, which becomes more
complicate with an increasing complexity of the geometry, especialy if the
limiting diffusion current density varies over the electrode due to different geo-
metric and hydrodynamic conditions.1—4

Recently, a method for the determination of the current density distribution
based on a simple equation of the electrode kinetics was developed in a manner
presented in the literature.>-17 The aim of this work isto review them.

2. A STATEMENT OF THE PROBLEM

The current density distribution in electrochemical cells depends on:

a) the geometry of the system,

b) the conductivity of both the solution and the electrodes,

¢) the polarization characteristics of electrodes and

d) the hydrodynamics of the system.

In this review, the effects of the geometry of the system, the conductivity of
the solution and electrodes and the polarization characteristics of electrodes will
be considered. It will be assumed that the diffusion layer thickness is the same
over all electrode surfaces.

The simplest representation of an electrochemical cell ispresented in Fig. 1.

B A C A B

anode

Jr

cathode

Fig. 1. Schematic representation of an electrochemical cell.

If electrodes are placed in the cell as shown in Fig. 1, three ways for the pro-
pagation of the current lines between the anode and cathode are possible.

I. there is only one current line between two symmetrically positioned points
on the cathode and anode in the homogenous field (A in Fig. 1),

I1. there are many current lines between two symmetrically positioned points
at the edges of both the cathode and anode (B in Fig. 1),
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CURRENT DENSITY DISTRIBUTION 807

I11. there is a division of a current line into two parts at the corner of the
cathode (Cin Fig. 1).
All these cases will be treated separately.

3. THE CURRENT DENSITY DISTRIBUTION IN HOMOGENOUS FIELDS

The current density distribution between parts of the electrode surface with
smaller and larger distance between cathode and anode can be calculated as fol-
lows.

The voltage, U, imposed on acell shownin Fig. 1isgiven by:

U — E=balog— + blog L4 p( + ), (1)
0a oc 'L Jf
aswell as by:
U—E=blog—-2 +helog—0—L 4 pij_ @
0a oc L " In

being valid within the Tafel region and at larger overpotentials, where E is a
equilibrium potential difference, by and be and jo 5 and jo are the anodic and
cathodic Tafel slopes and exchange current densities, respectively, j_ isthe limit-
ing diffusion current density for the cathodic process, p is the specific ohmic re-
sigtivity of the solution and the current densities for the part of the cathode at
larger, js and smaller, j, distances from the anode, respectively. For soluble anode
considered in this case, it will be joa = jo,c = jo and E = 0. In these calculations,
absolute values of both the cathodic and anodic current densities, as well as the
cathodic and anodic overpotentials are taken. The meanings of | and h are seen
from Fig. 1. It isobvious from Egs. (1) and (2) that:
in=lf (©)
if p=0and if the system is under complete diffusion contral, i.e., if
in=lf=iL (4)

It follows from Eq. (3) that the dominant effect on current distribution is the
effect of the resistivity of the solution.

On the other hand, if the electrochemical part of Egs. (1) and (2) can be neg-
lected relative to the ohmic voltage drop, complete ohmic control appears and the
relation:

Iy =g = gy @) )
isvalid, corresponding to the primary current distribution.

An estimation of the effect of different parameters on the current density dis-
tribution can be made from Fig. 2, which shows the dependences of the current
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808 POPOV, ZIVKOVIC and NIKOLIC

densities at the closer, jn, and further, jf, part of the cathode from the anode on the
cell voltage, U, for different solution resistivities.13

ket
el L |
e joa=0.1mA cm™

7

5 v ]
i) - joe=0.1mA cm™
g4 /15 / h=5cm ]
< { {=5cm
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~
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2 ——C—far-p=2Qcm | B N
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Fig. 2. The dependences of the current densities at parts of the cathode closer to and further
from the anode on the cell voltage for different solution resistivities.

As can be seen, the larger is the conductivity of the electrolyte, the more uni-
form is the current density distribution. A similar but less pronounced effect of
the increase of the cathodic Tafel slope can be seen, while the change of jo does
not affect the current density distribution. It is necessary to note that a soluble
anode is considered in this case and, hence, the anodic and cathodic exchange
current densities are the same. 13

Finally, the effect of the h/l ratio will be discussed. As expected, for h/l — 0,
the current density distribution approaches to a uniform one, while for h/l >> 1, it
is similar to the primary current distribution. Based on the above results, it fol-
lows that the ohmic resistance of the solution is the most important parameter
producing an effect on the current density distribution in electrochemical cells. If
h/I>>1, the effect of the geometry of the system can also be important, but an
auxiliary anode adjusted to the cathode shape should be used in this case, as
illustrated in Fig. 3.

4. THE EDGE EFFECT

The current density distribution in a cell with plane parallel electrodes, with
edges not touching the cell wall, isillustrated in Fig. 4.

It can be assumed that a homogenous electric field and, consequently, a uni-
form current distribution are present over the entire electrode surface up to the
very edge of the electrode, where the current density increases abruptly. This
problem has been studied in detail in numerous references$-1012.17 and a rela-
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CURRENT DENSITY DISTRIBUTION 809

; Anode )

Cathode

Auxiliary anode

g Fig. 3. The auxiliary anode adjusted

to the cathode shape in order to im-
prove the current density distribution.

tively rough approximation will be used here. There is only one current line bet-
ween two symmetrically positioned points on the anode and cathode in a homo-
genous field, and current density in the homogenous field should be lower than
current density at the edges.

Thereis an infinitely large number of the current lines between two symmet-
ricaly placed points at the edges of the electrodes. Hence, it can be taken that the
overal resistance between these two points will be equal to an infinitely large
number of resistances connected in paralel, being lower than in the homogene-
ous field. This approximation is more appropriate for the tip of a stationary wire
electrode due to the dissipation occurring through the space in this case.10 On the
other hand, in the case of the edges of plane parallel electrodes, it occursin one
plane normal to the electrodes to which the two symmetrically positioned points
belong.

L

A

angde

Y A 4 A Y ca &)

Fig. 4. The current density distribution in a cell with planparallel electrodes the edges of
which edges do not touch the cell walls.

5. TWO EQUAL PLANE PARALLEL ELECTRODES ARRANGEMENT

The cell with two equal plane parallel electrodes represents the elementary
cell of the electrode arrangement in electrochemical metal refining and winning
processes.

It is awell-known fact that in a cell with parallel electrodes (if the electrode
edges do not touch the side walls of the cell), the current density is higher at the
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810 POPOV, ZIVKOVIC and NIKOLIC

edges than at the centre of the electrode. This is because the current flow passes
partialy around the rectangular space between the electrodes. The increased cur-
rent density at the edges of the electrodes can be easily noticed by observing the
quality of the metal electrodeposit at the cathode. In some cases, the deposit in
the central part of the cathode may be compact and flat, whereas the formation of
dendrites is observed at the edges. The appearance of dendrites at the edges of
cathodes in such situations is the most important problem of the current density
distribution, because the growing dendrites could cause short circuits followed by
adecrease in the current efficiency, or even damage to the power supply.

The aim of this section is to show in which way dendritic growth at the ca-
thode edges can be avoided in electrowinning and refining processes.

5.1 Ohmic resistance of the cdll

The current density distribution in arectangular electrolytic cell in which pa-
ralel electrodes cover only part of the wall and the linear approximation of the
current distribution are presented schematically in Fig. 5.

Fig. 5. Schematic presentation of the current dis-
tribution in a paralel plate electrode geometry
and the linear approximation model showing the
current flow passing the space between the plane
parallel electrodes (A is the electrode width, L is
a the distance between the edge of the electrode
and the side walls and | is the distance between
the electrodes).>°

The analysis performed here for the current distribution between the elec-
trode edges and the cell side walls is obvioudly valid also for the situation in
which there are gaps between the upper edges of the electrodes and the free sur-
face of the solution and the lower edges to the bottom of the cell. In the case
under consideration, these two distances are zero.

Theresistance dR of a section of the electrolyte of thickness dc is given by:
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CURRENT DENSITY DISTRIBUTION 811

dc
_P (6)
B A+2d
where B is the height of the electrode and p is the specific resistance of the elec-
trolyte. From the linear approximation, it follows:>

L
d=—c 7
c (7)
The parametersd and ¢ areindicated in Fig. 5.

The resistance of the whole electrolyte is then given by:>

R:ﬁ n(A+2LJ @®
BL A
and for L—0, by:
imR=22C_ A _p (©)

L—0 BA BA

where Ry, corresponds to the resistance of a system with a homogeneous current
density distribution (the side walls touch the edges of the electrodes). For 0 < L <<
<< o, L can berelated to A by alinear coefficient k as follows:

L =KkA (20
which transforms Eq. (8) to:
Rh
R= — In(l+2K 11
K (I +24 (11)
and
I
l st :Eln(1+ 2k) (12

taking into account Eq. (9), where I represents the interelectrode distance in a
cell with L=0, the resistance of which is equal to the resistance of a cell in which
the interelectrode distanceisl and L > 0.

The good agreement between the experimenta results and the values pre-
dicted by Eq. (11) extends to k = 1. It can be concluded that for this system, Eq.
(11) is valid for k < 1. This means that the maximum penetration of the current
lines occurs when L = C = A in this case, and that the maximum length of the
currentline, I, is I\/E.

5.2 The very edge ohmic resistance

This consideration of the very edge current density can be elaborated mathe-
matically in the following way.® Assuming total ohmic control, the voltage drop
in the solution between the el ectrodes inside the homogenous field is given by:
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812 POPOV, ZIVKOVIC and NIKOLIC

U—-E=pglj (13)
and outside of the homogeneous field by:
U — E =4ljji (14)

where U is the cell voltage, E is the equilibrium potential difference, p is the
specific resistivity of the electrolyte, | the interelectrode distance, j is the current
density, |; is the length of the i-th current line and j; is the current density corres-
ponding to the i-th current line, as can be seen from Fig. 6.

- Phd
VI NN\
/’fé,:::—f"’““:::i:\g\\:\\\
Py
N ]
N/
\ :::::\::_-_-_-:,,;;j;/'
\\\\\--'j’:/’ Fig. 6. Current lines between electrodes with
p[i.]i edges not touching the side walls of the cell.®
The difference in the current lines outside of the homogeneous field is given
by:
, .. U-E(1 1
it —ji=——| —— (15)
i I +Al
or in the differential form:
dj; U-E1
—L=—= (16)
dl; P Ii2

When Eq. (16) is integrated from the interelectrode distance | to the maxi-
mum length of the current line I', the maximum contribution to the edge current
density j', due to current line propagation between the electrode edges and the
sidewalls of the cell, is obtained:

jlzﬁ(l_%:ﬁg (17)
p U 1 pl
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CURRENT DENSITY DISTRIBUTION 813

Taking into accounts Eg. (13), one obtains:
=1

j'= T (18)
The edge current density, je, can be written as:
je =j+] (19
The maximum value of |' is obtained from Eq. (18) as:
) 22
J'max =] . (20)
Combining Egs. (19) and (20), the maximum edge current density can be
given as:11
. 2. ,
Je, max = (Z_gJJ ~13]j (21)

for I' =142, asfollows from Fig. 1.

This means that the very edge resistance is lower than that in the homogenous
field and that the minimum effective interelectrode distance, | e min between the
edges of the anode and cathode will be;

2
|eff,e,min=4_\/§

| (22)

because:
Pl = p leif e,minJe,max (23)
5.3 The edge effect on the current density distribution

In acell with parald plate electrodes, if the €l ectrode edges do not touch the
cell side walls, the potential difference between two points in the homogenous
field symmetrically positioned on the electrodesis given by:

U=E+ 72+ 7c+ pl] (24)
Analogously, the cell voltage at the edges can be expressed as:
U=E+ 7ae* Nlcet Plefide (25)

where 775 and 7 are the anodic and cathodic overpotentials corresponding to the
homogenous field, respectively, and 775¢ and 77c¢ are the anodic and cathodic
overpotentials corresponding to the edges, respectively.

Elimination of U from Egs. (24) and (25) gives:

Naet NMee= Na+t Ne +plj — Pleft de (26)
In this case plj > ple de, because the increase of the current density also
leads to the increase of the cathodic and anodic overpotentials.
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814 POPOV, ZIVKOVIC and NIKOLIC

In this way, a part of the ohmic potential drop in a homogenous field trans-
forms into electrochemical overpotential for points at the plane electrode edges,
or in a similar position, meaning the edge current density is larger than in the
homogenous field. In this way it is possible to explain the change in the quality
of the metal deposit near the edge and at the very edge of an electrode. It should
be noted, however, that according to the proposed model, the entire edge current
is located at the very edge of the electrode. In other words, a homogeneous elec-
tric field and, consequently, a uniform current distribution is assumed over the
entire electrode surface up to the very edge of the electrode, where the current
density increases abruptly, which is quite close to the real state described by
other authors.2.18

5.4 The depth of the penetration of a current line between the electrode edges
and the cell sidewalls

Equation (17) can be rewritten in the form:
I

'=————— 27
1- Pl @7

U-E

and if j" isreplaced with j (2—\/5)/2, then I' becomes:
I

I' = 28
2 (28)

U-E 2

as the maximum length of a current line. (U — E) in Egs. (27) and (28) is the
ohmic potential drop, but it can be substituted by the cell potential due to the fol-
lowing facts.

The current along each line should be very low and because of this, the elec-
trochemical overpotentials at the edges of electrodes due to one current line can
be neglected relative to the ohmic potential drop. Hence, the cell potentia trans-
forms into the ohmic potential drop aong each current line and (U — E) in Eq.
(28) can be substituted by the cell potential from Eq. (24).

Substitution of (U — E) from Eq. (24) in Eq. (28) gives.

I

I'= _ (29)
1- plj 2-4/2
ny+n,+pli 2
or after rearrangement:
+1_ +plj
I'=1 Ta 770\//5?1 (30)
77a+77c+7/3|j
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CURRENT DENSITY DISTRIBUTION 815

Assuming a linear approximation of the propagation of a current line, the
relation between L', the maximum depth of the propagation of a current line pe-
netration into the space between the edges of the electrodes and the cell side
walls, | and I', is given by:

L :%\/I‘Z—IZ (31)

Substituting I' from Eq. (30) into Eq. (31) and rearranging gives.

5 U2
+7_ +plj
L':'E Ta ”C[;” 1 32)
Mo+ + - Al
It can be shown that if:
Ny +1,>>plj (33)

then I'->l and L'—=0 and, in the opposite case, I':I\/Eand L'—l/2. This shows
that the ability of an electrolyte to distribute the current density uniformly in-
creases with decreasing plj product, i.e., with decreasing ohmic polarization. Fur-
thermore, it is to be expected that with a larger spacing (the distance between the
polarization j — U curvesfor L = 0 and L > 0), the current density distribution will
become worse.

5.5 The dendritic growth initiation at the edges of the cathode
The equation for the polarization curve is given by:17

. J
j=—0—C— (34)

for fo >> f, where fo =107/ and f, =107k, The critical overpotential for
dendritic growth initiation, 7, is given by:

= n-L (35
23 0
Substitution of 7; from Eqg. (35) into Eq. (34) and further rearranging gives:
1.
=510 (36)

where i isthe critical current density for dendritic growth initiation.
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816 POPOV, ZIVKOVIC and NIKOLIC

If L > L', the edge current density could be obtained by combining Egs. (18),
(19) and (30) as:
V2
. '77a+776+(2—2 Alj
Je =) +1_+ plj
Ny Mg+ Pl
Assuming that the maximum edge current density at which dendrites do not
grow is given by Eq. (36), the maximum current density, jmax, in the homogene-
ous field at which dendrites at the edges do not grow is obtained after the substi-
tution of jein Eq. (37) with j; and after combination of Egs. (36) and (37) as:

1 My g+l

(37)

Vnax = 277 . +(2_\/§}ij L (38)
a e 2
It follows from Eq. (38) that jmax =~ 0.5 for:
Na+ 7c>> plj (39)
and jmax = 0.4j_ for:
Na+ Nc << plj (40)

The maximum current density in both cases is larger than the current density
corresponding to the end of the Tafel linearity, which is the optimum current den-
sity for the deposition of compact metal. Hence, if the deposition current density
corresponds to the end of the Tafel linearity, dendrites will not grow at the edges
of the electrode. It should be noted that in metal electrorefining, the working cur-
rent density can be determined relative to the initial concentration of depositing
ions, because it remains constant or increases during the refining process. In elec-
trowinning processes, the working current density must be determined relative to
the final concentration of depositing ions, because it islower than initial one. The
same reason is valid in the case of L <L'; meaning, in general, that if the current
density in the cell is lower than 0.4j_, dendrites and probably carrot-like protru-
sion on the electrode edges do not grow.

Equations (39) and (40) are in qualitative agreement with experimental find-
ings, but this topic requires some additional, carefully performed investigations.

6. THE CORNER EFFECT

“Corner weakness” occurs in heavy deposits of electroformed metal at
screened cathode parts, i.e., corners. At these areas, the deposit is thinner and, in
extreme cases, there is no deposition at all along the line of the corner bisector. A
number of microphotographs of deposit cross-sections, illustrating the “corner
weakness” effect can be found in the literature.1920 |t can be seen that the cal-
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CURRENT DENSITY DISTRIBUTION 817

culated deposit profile,12 with a crack appearing along the corner bisector, looks
very similar to that typically obtained in plating practice.1920 The consequenceis
the emergence of a fracture under negligible load along the line of the corner
bisection, instead of a fracture at much higher loads across the narrowest cross-
section of an electroformed deposit normal to the line of pull.

A theoretical analysis of this phenomenon has been reported using the fol-
lowing assumptions:

— the potential difference between each two points on the anode and cathode
isequal to the cell voltage,

—the current lines are normal to the electrode surface,

— the corresponding ohmic resistance of a solution exists along each current
line and the current lines are independent and insulated from each other,

— current lines in the vicinity of a protrusion divide into components which
are normal to the electrode surface and

—the Kirchoff Laws are valid for current lines branching.

The current distribution in a cell with the electrode arrangement given in Fig.
1 near to an elevation at the cathode can be envisaged as shown in Fig. 7.

anode

Jih !
l4x

dividing point (DP), h i

# h-x
o cathode

Fig. 7. The assumed model of the line division of the current at the corner
on the cathode surface.1?

According to the assumed model of current line division, it follows that there
is no deposition along the line of bisection (Fig. 7). If division of current lines
occurs along the line indicated by the dashed line, this is in perfect agreement
with some earlier experimental findings.12 It can be seen that this configuration
provides the same density of current lines at the cathode as at the anode.

The overall current density along the current line from the anode to the di-
viding point (DP) is obviously the sum of the partial ones branching at the DP,
i.e, (j1 +j2). For acell with asoluble anode, following relations are valid:

2011 Copyright (CC) SCS

olcle

EY HMC HD



818 POPOV, ZIVKOVIC and NIKOLIC

ba b C o

Ucal = 23In Jo +/)(|+X)(J +j )+23| Jo(JL_Jl)+pjl(h X)  (41)
by, gt be In

Ucal = 23In i +P(|+X)(J +j )+—23 —O(JL 2)+plz (42)

The proposed model implies that there is no current component in the direc-
tion of the corner vertex and the appearance of a crack along the corner bisector
is expected.

A deposit cannot be obtained in the corner of the cathode directly but rather
by the buildup of the deposit in the x and y direction. An overlap of the x and y
oriented deposits should occur when current density virtually does not depend on
the distance from the very corner.

However, if the current density decreases upon approaching the corner ver-
tex, the deposits would not overlap and aflaw would be created.12

An improved procedure for the determination of j; and j» as compared to the
one presented earlierl2 is presented here. It follows from Egs. (41) and (42) that:

Jp ] .
Eppc =hlog—2-t—+pj, (1-%) (43)
JO(‘IL_Jl)
and
j JL _
Eppc = QlOQﬁ"‘PJZX (44)

Eppc should be calculated using Eq. (43) for x = 0.1h, 0.5hand 0.9h and j;1 =
=1,2,3,4,5and6mA/cm2and p=5Q cm, jo=0.1 mA cm2, | =5¢cm, h=5cm,
jiL =7 mA cm2, by = 40 mV dec1 and b = 120 mV decL. Then, j» can be cal-
culated using Eq. (44) and U is obtained as:

U= balog J *l, 2 4 (1+X)(] 1T 1,)+Eppc (45)
0
The calculation should be performed for each x and the obtained values plot-
ted as shown in Figs. 8-10. Taking the calculated values of the current densities,
it is possible to visualize the current density distribution in the electrochemical
cell schematically presented in Fig. 11. Taking that j corresponds to a distance of
1 cm, the jpu, jf, j1 and jo values for each x can be calculated and the current
density distribution can be presented asin Fig. 11 for different values of U, being
in agreement with experimental data.19.20
The current density distribution effect is of a high technological significance
for the creation of open porous metal structures, denoted as honeycomb-like ones,
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Fig. 8. The dependences of the current densities at the near and at far parts of an electrode on
the cell voltage, aswell asthej; and j, for x = 0.1.
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Fig. 9. The dependences of the current densities at the near and at far parts of an electrode on
the cell voltage, aswell asthej; and j, for x = 0.5.
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Fig. 10. The dependences of the current densities at the near and at far part of an electrode
on the cell voltage, aswell asthej; and j, for x=0.9.

which are ideally suited for electrodes in many electrochemical devices, such as
fuel cells, sensors and batteries.2l Copper structures of this type are formed from
acid sulfate solutions of different CuSO4 and H»SO4 concentrations,22
characterized by different values of the exchange current density, jo.23 Due to the
effect of the current density distribution effect, improvement of the micro- and
nanostructural characteristics of the honeycomb-like structures can be attained by
application of periodically changing regimes of electrolysis, such as the pulsating
overpotential (PO) regime.24

Anode

Cathode
Fig. 11. Visualization of current density distribution for U = 200, 400 and 600 mV.
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7. CONCLUSIONS

A concise review of earlier results and an improved method for the esti-
mation of the current density distribution in electrochemical cells is presented.
The method is based on the simple equations of electrode kinetics and the phy-
sical essence of the phenomenais clearly demonstrated.

Acknowledgments. The work was supported by the Ministry of Education and Science of
the Republic of Serbia under the research project: “Electrochemical synthesis and characteri-
zation of nanostructured functional materials for application in new technologies’ (No. 172046).

M3BOJ

MATEMATHYKN MOJEJI PACIIOAEJIE 'YCTHUHE CTPYIE ¥
EJIEKTPOXEMUHJCKUM REJIMJAMA

KOHCTAHTHH W. TIOMOBY?, TIPE/IPAT M. )XUBKOBHW R 1 HEBOJILIA JI. HUKOJINR?

! Texnoaouko—meimiarypuiku axyaitieit, Ynusepsuiteii y beozpaoy, Kaprezujesa 4, 11 000 beozpao u
2UXTM — Llenitiap 3a eaexitipoxemujy, Ynusepauiieini y Beozpady, ezowesa 12, 11 000 Beozpad

[IpukazaH je caxkeTw Mperjiel paHWjuX pe3yiTaTa W MPEICTaBIbEH je MOOOJbIIAH MPUCTYI
MPOLICHN pacrojelnie CTpyje y enekrpoxemujckuM henujama. OBaj MpUCTYIl, 3aCHOBaH Ha jedHa-
YMHAMa EJIEKTPOXEMH]jCKe KMHETHKE, YIOTPEOJbEH je 3a TEOPUjCKO O0jallmbehe HBUYHUX U yrao-
Hux edekara. Takohe Cy IMCKYyTOBaHH YTHIAjH IEOMETPHjE CHCTEMa, KHHETHUKHX MMapamerapa
KaTOJHHUX peaKiija U OTIOPHOCTH pacTBopa. IIpencraBibeHa je mporeaypa 3a KOMIUICTHY aHAIIH3y
pacrogerne cTpyje y eleKTpoxeMujckuM hennjama.

(TMpumsbeno 12. mapra 2010, peunupano 4. mapra 2011)
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An efficient, microwave-assisted, one-pot synthesis of novel
5,6,7,8-tetr ahydroquinoline-3-car bonitriles
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Abstract: An efficient, microwave-assisted synthesis of novel 2-alkoxy-5,6,7,8-
-tetrahydroquinoline-3-carbonitriles, which have not hitherto been reported, via
reactions of cyclohexanone and arylidene malononitriles in the corresponding
acohols in presence of sodium is described. All the newly synthesized com-
pounds were characterized by the IR, TH-NMR, 13C-NMR and mass spectres-
copic techniques and by elemental analyses. The newly synthesized com-
pounds were evaluated for their antibacterial and antifungal activities.

Keywords. 2-alkoxytetrahydroguinoline-3-carbonitriles; quinoline-3-carbonit-
riles; one-pot synthesis;, microwave-assisted synthesis; cyclohexanone; aryli-
dene malononitriles.

INTRODUCTION

As a privileged fragment, quinoline is a ubiquitous subunit in many quino-
line-containing natural products with remarkable biological activities. Members
of this family have wide applications in medicinal chemistry, being used as an-
timalarial, anti-inflammatory, antiasthmatic, antibacterial, antihypertensive and
tyrosine kinase inhibiting agents.! Because of their importance as substructures
in a broad range of natural and designed products, significant efforts continue to
be directed into the development of new quinoline-based structures.?

Among quinoline derivatives, tetrahydroquinolines are an important structu-
ral subunit of natural products and many tetrahydroquinoline derivatives exhibit
interesting biological and pharmaceutical activities,3 including anti-HIV,4° anti-
cancer,® antimalarial,” cholesteryl ester transfer protein inhibitors,8 anti-diabe-
tic,9 etc. Consequently, synthetic methodologies for preparing tetrahydroquino-
line derivatives have attracted considerable interest and several methods offering
good results have been reported. However, most of them describe the synthesis of

* Corresponding author. E-mail: diptid85@gmail.com
doi: 10.2298/JSC100702071D
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824 DODIYA etal.

the 1,2,3,4-tetrahydroquinoline nucleus,19-12 and concise methods to access
usefully functionalized 5,6,7,8-tetrahydroquinolines are scarce in the literature.13

Recently, 5,6,7,8-tetrahydroquinolines have drawn considerable attention
due to their interesting pharmacological applications as RET tyrosine kinase in-
hibitors,14 anti-HIV,1516 anti-fungal,17 anti-cancerl8 and C5a receptor antago-
nists agents.19 The development of simple synthetic routes for widely used orga-
nic compounds from readily available reagents is one of the major tasks in or-
ganic synthesis. Application of microwave irradiation in achieving this task has
been the focus of considerable attention in recent years and is becoming an
increasingly popular technology.20:21

In view of these observations and as part of a continuing effort in our labo-
ratory towards the development of new methods for the expeditious synthesis of
biologically relevant heterocyclic compounds,22 herein, a simple and efficient
microwave-assisted synthesis of functionalized novel 2-alkoxy-5,6,7,8-tetrahyd-
roquinoline-3-carbonitriles, which are also structuraly relevant to recently
reported bioactive 5,6,7,8-tetrahydroquinolines,16-19 is described (Fig. 1).

/l
NS
N7
N~~~ CN SO,NHR
J: NH» AN Q/ 2
—
N” °NH .HCI N/ NT N

Activity: Anti-HIV'®

CoHs N7 N X
| | <R
= s
OCH;

CN
CoHs NH>
Activity: C5a Receptor Antagonist'® Activity: Antifungal'”

Fig. 1. Examples of some bioactive 5,6,7,8-tetrahydroquinolines structurally relevant to the
synthesized 5,6,7,8-tetrahydroquinoline-3-carbonitriles.

All the newly synthesized compounds 3a—j were evaluated for their anti-
bacterial and antifungal activity. The biological activity of the synthesized com-
pounds was compared with reference standard drugs.
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EFFICIENT SYNTHESIS OF 5,6,7,8-TETRAHY DROQUINOLINES 825

RESULTS AND DISCUSSION
Chemistry

There are very few reports in literature for the synthesis of 2-alkoxypyridine-
-3-carbonitriles, 2324 put most of them do not describe the synthesis of fused
pyridines or benzo-fused pyridines, i.e., quinolines. During an extensive literature
survey, only one such synthesis of benzothiepino-fused 2-alkoxy-pyridine-3-car-
bonitriles was found.2> Herein, the efficient and rapid microwave-assisted one-
-pot synthesis of functionalized novel 2-alkoxy-5,6,7,8-tetrahydroquinoline-3-
-carbonitriles, which have not hitherto been reported, via the reactions of cyc-
Ilohexanone, arylidene malononitriles in the corresponding alcohol in the pre-
sence of sodium is reported.

The arylidene malononitriles 2 were prepared following a reported literature
procedure.26 Treatment of cyclohexanone 1 with arylidene malononitriles 2 in
the corresponding alcohol in the presence of sodium under microwave irradiation
at 300 W afforded the 2-alkoxy-5,6,7,8-tetrahydroquinoline-3-carbonitriles 3a—
in excellent yields (8895 %) in a very short time (Scheme 1) as compared to
conventional heating, which resultsin lower yields after longer reaction times (5—
-10 h).

R
X CN
CN R'OH, N
(l+ RN O ROHNe D
o} CN MW, 320 W N 0~
1 2 3
3a R= phenyl, 3a-e R'= methyl,
3b R= 4-chlorophenyl, 3fj R'= ethyl

3c R= 4-fluorophenyl,
3d R= 4-methoxyphenyl,
3e R= 4-hydroxyphenyl
3f R= phenyl,
3g R= 4-chlorophenyl,
3h R= 4-fluorophenyl,
3i R= 4-methoxyphenyl
3j R= 4-hydroxyphenyl
Scheme 1. Microwave-assisted synthesis of 2-alkoxy-5,6,7,8-
-tetrahydroquinoline-3-carbonitriles.

The proposed mechanism?2? involves Michael addition between 1 and 2 to
generate intermediate A, followed by nucleophilic alkoxide attack at one of the
nitrile groups of A with dehydration and subsequent dehydrogenation to give the
tetrahydroquinoline 3 (Scheme 2).

All the newly synthesized 2-methoxy- and 2-ethoxy-5,6,7,8-tetrahydroquino-
lines 3a- were characterized by IR, H-NMR, 13C-NMR, mass spectroscopy
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and elemental analyses (Supplementary material). The IR spectra of 3a- re-
veadled the appearance of confirmatory bands characteristics of the stretching
vibrations of the —CN and C=N groups at 2231-2225 cm1 and 16351566 cm 2,
respectively. Furthermore, asymmetric and symmetric stretching vibration bands
of the ether (C-O-C) linkage were also present in the IR spectra in the range of
1296-1263 cm1 and 1097-1018 cm, respectively, which confirmed the pre-
sence of 2-alkoxy groups. The 1H-NMR spectra of compounds 3a—e showed
confirmatory signals in the 6 range 3.75-3.80 ppm as a singlet for (-OCH3),
while the IH-NMR spectra of compounds 3f— revealed signals at § 1.27-1.44
ppm as atriplet for the (-CH>—CH3) and signals at ¢ 4.15-4.51 ppm as a quartet
for (-CH2—CHa3) of the 2-ethoxy group in the title compounds, which confirmed
the structure. The 13C-NMR signals were also found to be in full agreement with
the proposed structure.

R R
H H
_ CN CN
(l+ R/%I/LN = = C—OR' —
o N 0 {,\ i
1 2 A e B
Na R'O

. R R R
CN CN NN
z - H,0 P H, L
N~ SOR' 2 N~ SOR' N~ “SORr'
(OH

C D 3

Scheme 2. Proposed mechanism for synthesis of 2-alkoxy-5,6,7,8-
-tetrahydroquinoline-3-carbonitriles

Biological screening

All the synthesized compounds 3a— exhibited moderate to good antimic-
robial activity. Compound 3i showed the highest activity against all the bacteria
and fungi. Compounds 3c and 3g also showed quite good antibacterial activity as
compared to the standard drugs ampicillin and chloramphenicol. Compounds 3c,
3g and 3h exhibited good antifungal activity against A. niger as compared to the
standard griseofulvin.

EXPERIMENTAL

Chemistry

All chemicals were supplied either by E. Merck (Germany) or by S. D. Fine Chemicals
(India). Melting points were determined in open capillaries and are uncorrected. The IR spec-
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EFFICIENT SYNTHESIS OF 5,6,7,8-TETRAHY DROQUINOLINES 827

tra were recorded on a Shimadzu-FT-IR-8400 (Fourier transform infrared (FTIR)). The IR
spectra were taken using KBr pellets. The 1H- and 13C-NMR spectra were recorded on a
Bruker AMX-400 spectrometer at 400 MHz and 100 MHz, respectively, in DMSO-dg with
TMS as an internal standard. Gas chromatography—mass spectrometry (GC-MS) was per-
formed on a Shimadzu-GCMS QP2010 series instrument and elemental analysis was per-
formed using a Heraus CHN rapid analyzer. The microwave-assisted reactions were realised
in a QPro-M microwave synthesizer.

General procedure for the synthesis of 2-alkoxy-5,6,7,8-tetrahydroquinoline-3-carbonitriles
(3a)

A mixture of cyclohexanone 1 (2.5 mmol), arylidene malononitrile 2 (2.5 mmol) in the
appropriate alcohol (15 mL) containing sodium (0.05 g) was irradiated under microwaves at
300 W for an appropriate time (Table |). The separated solid was collected, washed with water
and then with methanol affording the corresponding 3a—j in good purity. Further purification
of the product was not required by recrystallization or any other method.

TABLE I. Microwave assisted synthesis of 2-alkoxy-5,6,7,8-tetrahydroquinoline-3-carbonit-
riles

Compound R R Yield, % Time, min
3a Phenyl —CHj, 91 4
3b 4-Chloropheny! —CHs3 95 5
3c 4-Fluorophenyl —CH; 92 5
3d 4-Methoxyphenyl —CH; 89 5
3e 4-Hydroxyphenyl —CH; 9 7
3f Phenyl —C,Hs 89 5
3g 4-Chloropheny! —C,Hs 9 7
3h 4-Fluorophenyl —C,Hs 92 6
3i 4-Methoxyphenyl —C,Hs 92 6
3 4-Hydroxyphenyl —C,Hs 88 8

Biological screening

Antimicrobial activity. All the title compounds 3a—j were evaluated for their in vitro an-
timicrobial activity against two Gram-positive bacterial strains, Sreptococcus pyogenes,
Saphylococcus aureus and two Gram-negative bacterial strains Escherichia coli, Bacillus
subtilis and one fungal strain Aspergillus niger at a concentration of 50 g mL1in N,N-dime-
thylformamide using the cup plate method.28 The solvent, N,N-dimethylformamide, showed
no zone of inhibition. After 24 h of incubation at 37 °C, the zones of inhibition were measured
in mm. The activities were compared with those of some known antibiotics, i.e., ampicillin,
chloramphenicol, ciprofloxacin, as well as griseofulvin at the same concentration. The results
are summarized in Tablell.

TABLE II. Antimicrobial activity of 2-akoxy-5,6,7,8-tetrahydroquinoline-3-carbonitriles 3a—j

Zone of inhibition, mm

No. R S pyogenes S aureus E. coli B. subtilis  A. niger
3a Phenyl 13 13 10 09 11
3b 4-Chloropheny!| 11 14 12 12 12
3c 4-Fluoropheny! 14 13 12 11 14
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TABLE Il. Continued

Zone of inhibition, mm

No. R S pyogenes S aureus E. coli B. subtilis  A. niger
3d  4-Methoxyphenyl 13 13 10 10 12
3e  4-Hydroxyphenyl 9 12 10 10 12
3f Phenyl 12 12 11 11 11
39 4-Chloropheny! 14 15 15 14 13
3h 4-Fluorophenyl 10 12 12 12 12
3i 4-Methoxyphenyl 14 13 13 16 18
3 4-Hydroxyphenyl 13 14 10 10 10
Ampicillin 16 18 16 18 -
Chloramphenicol 18 16 19 16 -
Ciprofloxacin 23 17 20 19 -
Griseofulvin — — — — 20
CONCLUSIONS

A new and efficient microwave-assisted synthesis of novel functionalized
2-alkoxy-5,6,7,8-tetrahydroquinoline-3-carbonitriles  from cyclohexanone and
arylidene malononitriles has been reported. Considering the availability of the
starting materials, the simple reaction procedure, simple work-up and robust na-
ture, this chemical process provides a very straightforward route to construct va-
rious highly functionalized tetrahydroquinoline-3-carbonitriles.

The newly synthesized heterocycles exhibited moderate to promising anti-
microbia activity against standard strains. These results make them interesting
lead molecules for further synthetic and biological evaluation. It can be con-
cluded that this class of compounds certainly hold great promise towards the pur-
suit of discovering novel classes of antimicrobial agents. Further studies to ac-
guire more information concerning structure—activity relationships are in progress.

SUPPLEMENTARY MATERIAL

The results of IR, IH-NMR, 13C-NMR, mass spectroscopy and elemental analyses of
synthesized compounds are available electronically at http://www.shd.org.r/JSCS/, or from
the corresponding author on request.

Acknowledgements. The authors are thankful to the Department of Chemistry, Saurashtra
University for providing the laboratory facilities. Ms. Dipti K. Dodiya is thankful to UGC,
New Delhi for providing financial support in the form of a Research Fellowship in Sciences
for Meritorious Students.

U3BOJ

E®UKACHA CUHTE3A 5,6,7,8-TETPAXUJIPOXNHOJINH-3-KAPBOHUTPUJIA
O3PAUYMBABEM MUKPOTAJIACUMA

DIPTI K. DODIYA*, HARESH K. RAM, AMIT R. TRIVEDI n VIRESH H. SHAH
Department of Chemistry, Saurashtra University, Rajkot-360 005, Gujarat, India

Omnucana je epukacHa CHHTE3a HOBUX 2-aJIKOKCH-5,6,7,8-TeTpaxuapoxuHoianH-3-kapOoHUT-
puiia, 03padnBakbeM MUKpOTaIacuMa, ojiasehiu of MUKIOXEeKCAaHOHA M apHIIHICH-MaJTOHOHHTPHIIA
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EFFICIENT SYNTHESIS OF 5,6,7,8-TETRAHY DROQUINOLINES 829

y oarosapajyhem amkoxoiy, y mpucycTBy HaTpujyma. CBa HOBa jenumema okapakrepucana cy 1C,
IH-NMR u 13C-NMR cIeKkTpocKomnujomM n MaceHOM CIEKTPOMETPHjOM H CIEMEHTATHOM AHANH-
3oM. McnuTana je antubaxkTepujcka u aHTH(YHTalHa aKTHBHOCT HOBUX CHHTETHUCAHHX jeUCHbA.

A

10.

(Mpumsbeno 2. jyna 2010, pesuaupano 9. jarnyapa 2011)
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An efficient, microwave-assisted, one-pot synthesis of novel
5,6,7,8-tetrahydroquinoline-3-car bonitriles

DIPTI K. DODIYA*, HARESH K. RAM, AMIT R. TRIVEDI and VIRESH H. SHAH
Department of Chemistry, Saurashtra University, Rajkot-360 005, Gujarat, India
J. Serb. Chem. Soc. 76 (6) (2011) 823-830

ANALYTICAL AND SPECTRAL DATA OF SYNTHESIZED COMPOUNDS

2-Methoxy-4-phenyl-5,6,7,8-tetrahydroquinoline-3-carbonitrile (3a). Yield:
91 %; m.p. 189-192 °C; Anal. Calcd. for C17H1gN20: C, 77.25; H, 6.10; N, 10.6
%. Found: C, 77.13; H, 6.02; N, 10.68 %. IR (KBr, cm1): 2225, 1606, 1263,
1066. 1H-NMR (400 MHz, DMSO-dg, 6 / ppm): 1.66-2.83 (8H, m, 4 —CH>),
3.75 (3H, s, “OCH3), 7.06-7.37 (5H, m, Ar-H). 13C-NMR (100 MHz, DM SO-
-dg, 0 / ppm): 23.1, 23.6, 24.8, 32.1, 55.9, 96.2, 117.7, 122.6, 127.5, 130.2, 138.7,
152.2, 160.2, 163.7. MS (m/2): 264 (M™).

2-Methoxy-4-(4-chlorophenyl)-5,6,7,8-tetrahydroguinoline-3-carbonitrile (3b).
Yield: 96 %; m.p. 213-215 °C; Anal. Calcd. for C17H15CIN2O: C, 68.34; H,
5.06; N, 9.38 %. Found: C, 68.25; H, 5.12; N, 9.26 %. IR (KBr, cnrl): 2225,
1608, 1263, 1068. IH-NMR (400 MHz, DMSO-dg, 6 / ppm): 1.68-2.89 (8H, m,
4-CHy), 3.80 (3H, s, “OCH3), 7.10-7.12 (2H, d, J = 8.36 Hz, Ar—H), 7.35-7.37
(2H, d, J = 8.32 Hz, Ar—H). 13C-NMR (100 MHz, DMSO-dg, J / ppm): 23.4,
23.8, 24.5, 32,5, 55.7, 96.5, 117.4, 123.0, 128.2, 129.5, 134.4, 136.7, 151.7,
160.5, 162.8. MS (mV/2): 298 (M ).

2-Methoxy-4-(4-fluor ophenyl)-5,6,7,8-tetrahydr oquinoline-3-carbonitrile (3c).
Yield: 92 %; m.p. 224-226 °C; Anal. Calcd. for C17H15FN2O: C, 72.32; H, 5.36;
N, 9.92 %. Found: C, 72.21; H, 5.28; N, 9.80 %. IR (KBr, cm1): 2222, 1604,
1278, 1066. IH-NMR (400 MHz, DMSO-dg, 6 / ppm): 1.62-2.90 (8H, m,
4-CH)), 3.77 (3H, s, -OCH3), 6.98-7.00 (2H, t, Ar—H), 7.24-7.26 (2H, m, Ar-H).
13C-NMR (100 MHz, DMSO-dg, 6 / ppm): 23.2, 23.7, 24.2, 31.9, 55.6, 96.2,
116.8, 117.6, 122.8, 129.3, 133.8, 151.4, 159.9, 162.9, 163.5. MS (m/2): 282
(M™).
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2-Methoxy-4-(4-methoxyphenyl)-5,6,7,8-tetrahydr oquinoline-3-car bonitrile
(3d). Yield: 89 %; m.p. 193-195 °C; Anal. Calcd. for C1gH18N202: C, 73.45; H,
6.16; N, 9.52 %. Found: C, 73.36; H, 6.03; N, 9.39 %. IR (KBr, cnrl): 2227,
1597, 1263, 1066. IH-NMR (400 MHz, DMSO-dg, 6 / ppm): 1.71-2.81 (8H, m,
4-CHy), 3.75 (3H, s, -OCHg3), 3.89 (3H, s, -OCH3), 6.76-6.78 (2H, d, J = 7.96
Hz, Ar-H), 6.98-7.00 (2H, d, J = 8.08 Hz, Ar-H). 13C-NMR (100 MHz, DMSO-
-dg, 6 / ppm): 23.4, 23.9, 24.6, 32.3, 55.7, 96.5, 114.9, 117.1, 122.8, 129.1, 130.5,
151.5, 160.3, 161.7, 162.8. MS (nV2): 294 (M ).
2-Methoxy-4-(4-hydroxyphenyl)-5,6,7,8-tetr ahydr oquinoline-3-carbonitrile
(3e). Yield: 94 %; m.p. 207-210 °C; Anal. Calcd. for C17H16N202: C, 77.67; H,
6.52; N, 10.06 %. Found: C, 77.72; H, 6.41; N, 9..93 %. IR (KBr, cm1): 2231,
1606, 1276, 1037. 1H-NMR (400 MHz, DMSO-dg, 6 / ppm): 1.62—2.85 (8H, m,
4-CHy>), 3.80 (3H, s, -OCH3), 4.71 (1H, s, -OH), 7.14-7.16 (2H, d, J = 8.1 Hz,
Ar-H), 7.23-7.25 (2H, d, J = 8.15 Hz, Ar-H). 13C-NMR (100 MHz, DM SO-dg,
o ppm): 23.2, 23.7, 24.2, 31.9, 55.4, 95.8, 117.3, 122.6, 127.3, 129.8, 136.1,
138.5, 151.6, 160.3, 162.8. MS (m/2): 280 (M ™).
2-Ethoxy-4-phenyl-5,6,7,8-tetrahydroquinoline-3-carbonitrile (3f). Yield: 89
%; m.p. 233-235 °C; Anal. Calcd. for C1gH1gN20: C, 77.67; H, 6.52; N, 10.06
%; Found: C, 77.52; H, 6.38; N, 10.18 %. IR (KBr, cm1): 2225, 1627, 1292,
1097. 1H-NMR (400 MHz, DMSO-dg, 6 / ppm): 1.31-1.36 (3H, t, -CH3), 1.64—
—2.85 (8H, m, 4-CHy), 4.39-4.45 (2H, g, —CH>), 6.91-7.44 (5H, m, Ar-H). 13C-
-NMR (100 MHz, DMSO-dg, 0 / ppm): 14.3, 23.1, 23.9, 24.0, 31.5, 65.4, 96.5,
117.4, 122.8, 127.8, 129.8, 138.3, 152.2, 159.9, 162.8. MS (m/2): 278 (M™).
2-Ethoxy-4-(4-chlorophenyl)-5,6,7,8-tetrahydroquinoline-3-carbonitrile  (3g).
Yield: 94 %; m.p. 216-218 °C; Ana. Calcd. for C1gH17CIN2O: C, 69.12; H,
5.48; N, 8.96 %. Found: C, 69.19; H, 5.42; N, 8.89 %. IR (KBr, cnm1): 2222,
1602, 1278, 1064. 1H-NMR (400 MHz, DMSO-dg, § / ppm): 1.40-1.44 (3H, t,
—CH3), 1.68-2.85 (8H, m, 4-CH>), 4.44-4.50 (2H, g, CH>), 6.98-7.00 (2H, d,
J=79Hz, Ar-H), 7.23-7.25 (2H, d, J = 8.28 Hz, Ar-H). 13C-NMR (100 MHz,
DMSO-dg, 6 / ppm): 14.5, 22.9, 23.8, 24.7, 32.1, 65.4, 96.1, 117.7, 122.8, 128.4,
129.1, 134.8, 137.1, 151.7, 161.2, 162.9. MS (m/2): 312 (M™).
2-Ethoxy-4-(4-fluorophenyl)-5,6,7,8-tetrahydr oquinoline-3-carbonitrile  (3h).
Yield: 92 %; m.p. 244-226 °C; Andl. Calcd. for C1gH17FN2O: C, 72.95; H, 5.78;
N, 9.45 %. Found: C, 72.87; H, 5.69; N, 9.52 %. IH-NMR (400 MHz, DM SO-dg,
o ppm): 1.41-1.44 (3H, t, -CH3), 1.63-2.88 (8H, m, 4-CH>), 4.45-4.51 (2H, q,
—CHy), 7.26-7.28 (2H, t, Ar-H), 7.82-7.84 (2H, t, Ar—H). 13C-NMR (100 MHz,
DMSO-dg, 6 / ppm): 14.4, 23.1, 23.8, 24.5, 31.5, 64.9, 96.4, 117.1, 117.8, 123.1,
129.6, 133.7, 151.2, 160.2, 162.7, 163.2. MS (nV2): 296 (M).
2-Ethoxy-4-(4-methoxyphenyl)-5,6,7,8-tetrahydroquinoline-3-carbonitrile (3i).
Yield: 92 %; m.p 188190 °C; Anal. Calcd. for C1gH20N202: C, 74.00; H, 6.54;
N, 9.08 %. Found: C, 73.89; H, 6.45; N, 9.12 %. IR (KBr, cm1): 2227, 1589,
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1296, 1093. 1H-NMR (400 MHz, DMSO-dg, § / ppm): 1.41-1.44 (3H, t, -CH3),
1.62-2.87 (8H, m, 4—CH>), 3.80 (3H, s, “OCH3), 4.45-4.48 (2H, q, —CH>), 7.49—
—7.51 (2H, d, J = 8.13 Hz, Ar-H), 7.78-7.80 (2H, d, J = 8.32 Hz, Ar-H). 13C-
-NMR (100 MHz, DMSO-dg, 6 / ppm): 14.5, 23.2, 23.9, 24.2, 31.9, 55.7, 65.2,
96.5, 114.6, 117.5, 123.1, 129.4, 130.3, 151.2, 160.8, 161.9, 162.5. MS (m/2):
308 (M™).

2-Ethoxy-4-(4-hydroxyphenyl)-5,6,7,8-tetrahydr oquinoline-3-carbonitrile (3j).
Yield: 88 %; m.p. 232—234 °C; Anal. Calcd. for C1gH18N202: C, 78.05; H, 6.89;
N, 9.58 %; Found: C, 78.17; H, 6.72; N, 9.43 %. IR (KBr, cm1): 2222, 1635,
1278, 1097. IH-NMR (400 MHz, DMSO-dg, J / ppm): 1.27-1.31 (3H, t, -CH3),
1.63-2.85 (8H, m, 4-CH>), 4.15-4.20 (2H, q, —CH>), 4.77 (1H, s, -OH), 6.76—
—6.78 (2H, d, J = 7.89 Hz, Ar-H), 6.98-7.00 (2H, d, J = 8.03 Hz, Ar-H). 13C-
-NMR (100 MHz, DMSO-dg, J / ppm): 14.8, 22.9, 23.2, 23.9, 31.4, 64.9, 95.9,
117.5, 122.2, 127.4, 129.8, 135.8, 139.1, 151.2, 160.7, 163.2. MS (m/2): 294
(M¥).
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Synthesis and spectroscopic properties of geminal-bis(tert-bu-
tylamino)cyclotriphosphazenes obtained by the reaction of spiro
and ansa phenoxycyclotriphosphazenes with the tert-butylamine
and thecrystal structure of 4,4’ -bis(tert-butylamino)-2,6',6',10-

-tetrachloro-4',4',6',6' -tetrahydr ospyr o[ 12H-dibenzo[d,g]-
[1,3,2]dioxaphosphocin-6,2'A>-[1,3,5,2,4,6]-triazaphosphorine]
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Abstract: The condensation reactions of partly substituted spiro and ansa
phenoxycyclotriphosphazenes 1 and 2 with tert-butylamine produce disub-
stituted  geminal-bis(tert-butylamino)phenoxycyclotriphosphazene derivatives
(3 and 4). The structures of these compounds were characterized by elemental
analysis, and IR, H-, 13C-, 31P-NMR and mass spectroscopic techniques. Com-
pound 3 was also examined by X-ray crystallography and found to be crys-
tallized in the monoclinic space group P24/n with the unit cell parameters. a =
= 10.842(4), b = 9.375(5), ¢ = 29.104(11) A, 8= 99.25(3)°, V = 2920(2) A3,
D, = 1.404 g cm3,

Keywords. phenoxyphosphazenes; spectroscopy; spiro; ansa; crystal structure.

INTRODUCTION

The reactions of trimeric phosphazene (N3P3Clg) with primary and second-
ary amines, diamines, polyamines 14 and aryloxides 14 under different con-
ditions have been studied. The phenoxy derivatives of trimeric phosphazene
(N3P3Clg) and tetrameric phosphazene (N4P4Clg) were used in the synthesis of
new, small-molecule organocyclophosphazenes.1> Polymeric phosphazene deri-
vatives with inorganic backbones and aryloxy side groups are widely used as
high refractive index glasses,16 ferroelectric and non-linear optical devices,’

* Corresponding author. E-mail: myildiz@comu.edu.tr
doi: 10.2298/JSC100722070E
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liquid crystalline materials,18 and as biomedical materials.19 Additionally, they
can be used to create small molecule models for the corresponding linear phos-
phazene macromolecules. The organic, inorganic or organometallic side groups
are highly effective in determining the specific physical or chemical properties of
phosphazene polymers. Although the partial and complete aminolysis reactions
of tert-butylamine [NH,C(CH3)3] were studied?0 to obtain geminal tert-butylami-
no products, there have not been sufficient studies yet on the partial and complete
aminolysis reactions of tert-butylamine for spiro or ansa phosphazene com-
pounds. In the present study, the reaction of 2,4’,4',6’,6',10-hexachloro-
-4 .4 6,6 -tetrahydrospiro[ 12H-dibenzo[d,g] [ 1,3,2] dioxaphosphocin-6,2 A5-
-[1,3,5,2,4,6]triazaphosphorine] (spiro) (1) and 2,6,8,8,10,14-hexachloro-8,8-
-dihydro-6H-6\°,10A5-nitrilo-10H,16H-dibenzo[h,K][1,7,3,5,2,4,6]-di oxadi azatri-
phosphacyclododecine (ansa) (2) with tert-butylamine (Scheme 1) were examined
and the new gem-diamino-spiro (3) (Fig. 1) and ansa (4) phenoxycyclotri-
phosphazene derivatives were isolated.

\ _N N:¢
o7 NP N
><NH l | a_|l T cl
N>P<N \F’\ ép/
o 0 I NT
; ; 0 Q
cl @ a ci @ al
CHs
HC—NH, | THF
CH,
(Excess)
CI\ g /c:| CI\P/CI
CI-—Iﬁ/ \T—u Tl/ \T
cl cl
~ -
NS zN IP\Néﬁ’
O/ \O o o
a a a cl

Scheme 1. Synthesis of
compounds 3 and 4.
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Fig. 1. The molecular structure of com-
pound 3; the H atoms have been omitted
for clarity.?

RESULTS AND DISCUSSION
Analytical, IR and MS spectral data

4,4’ -Bis(tert-butylamino)-2,6’ ,6',10-tetrachloro-4' .4’ ,6',6 -tetrahydrospyro-
[ 12H-dibenzo[ d,g] [ 1,3,2] dioxaphosphocin-6,2’ 1°-[ 1,3,5,2,4,6] -triazaphosphori-
ne] (spiro) (3). Yield: 32 %; m.p.: 238 °C; Anal. Calcd. for Co1HogOoNsP5Cl 4:
C, 40.84; H, 4.53; N, 11.34 %. Found: C, 40.99; H, 4.63; N, 11.31 %. IR (KB,
cmr1): 3382 (s, N-H), 3081 (w, Ar—H), 2969 (s, C-H, diphatic), 1481 (s, C=C),
1383 (m, C-0), 1276 (s, P-0O), 1222 (s, P=N), 1178-1156-1110 (s, P-O-C), 581
+ 525 (s, P—CI). MS (highest peak in multiplet, based on CI35) (m/2): 617 (M,
100 %), 543 ((M —tert-BuNH), 10 %), 279 ((M — CH2(OATrCl)>Cl>), 13 %).

8,8-Bis(tert-butylamino)-2,6,10,14-tetrachl or o-8,8-dihydro-6H-6.4°,104°-nit-
rilo-10H,16H-dibenzo[ h k][ 1,7,3,5,2,4,6] -dioxadiazatriphosphacyclododecine
(ansa) (4). Yidd: 30 %; m.p.: 261 °C; And. Calcd. for Cp1Hag0oNsP3Cly: C, 40.84;
H, 4.53; N, 11.34 %. Found: C, 40.89; H, 4.55; N, 11.33 %. IR (KBr, cm3):
3446 (m, N-H), 3086 (w, Ar—H), 2927 (m, C-H, diphatic), 1481 (s, C=C), 1393
(w, C-0), 1261 (s, P-0), 1205 (s, P=N), 1159-1110 (s, P-O-C), 562 + 530 (s,
P—Cl). MS (highest peak in multiplet, based on CI3%) (nV2): 617 (M™, 18 %), 543
((M —tert-BuNH), 3 %), 279 (M — CH2(OATrCI)>Cl>), 15 %).
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834 ERDENER et al.

IR, IH-NMR, 13C-NMR, 31P-NMR and MS spectr oscopy

In the IR spectra, the characteristic P=N, P-O and P-O—C bands with wave
numbers 1222 , 1205 (v(P=N)), 1276, 1261 (v(P-0)) and 1178-1156-1110, 1159—
—1110 (v(P-O-C)) were observed for compounds 3 and 4, respectively. In addi-
tion, the asymmetric and symmetric vibrations of PCl, were found at 581 and
562, and 525 and 530 for 3 and 4, respectively.

The NMR spectral data for compounds 3 and 4 are presented in Table I. In
solution, the structures are symmetrical according to the 1H-NMR and 13C-NMR
spectral data. The Ar—CHo—Ar protons are quartered due to the geminal proton
couplings with the P atom (2JycH = 13.52 Hz and 2JycH = 13.73 Hz for 3 and 4,
respectively) and the five bond couplings (°JpocccH = 2.91 Hz and SJpocccH =
= 2.01 Hz for 3 and 4, respectively). The difference of these protons in com-
pounds 3 and 4 may be explained by the hydrogen bonding with N atoms on the
cyclotriphosphazene ring. According to the crystallographic data, the -CHo— pro-
tons in compound 1 form weak intermolecular hydrogen bonds with nitrogen
atoms of the cyclotriphosphazene ring.®> The protons of each tert-butyl group
give asinglet (6 1.38, 1.40 and ¢ 1.28, 1.59 ppm). The NH signal is broad for
compound 3, while it is a doublet (J = 2Jpyy = 5.92 Hz) for compound 4. The
phenyl protons Haa’ and Hbb’ are doublets of doublets (6.94 and 7.04 ppm and
7.17 and 7.22 ppm) because of the three and four bond coupling (3JqccH = 6.69
and 8.62 Hz, 4JycccH = 2.23 and 2.05 Hz for 3 and 4, respectively). The
coupling of Haa' with the P atom is 4JpoccH = 5.17 and 8.61 Hz for 3 and 4,
respectively. The Hec' protons of compounds 3 and 4 gave a doublet at 6 7.29
and 7.32 ppm, respectively.

According to the proton decoupled 13C-NMR spectra, compounds 3 and 4
have nine signals (Table I). C9 is coupled with the P atom (6 31.45 ppm, d, 6C,
3Jpnc: 5.0 Hz) in compound 3, while it is not coupled with the P atom (6 26.25
ppm, s, 6C) in compound 4.

The proton decoupled 31P-NMR spectra of compounds 3 and 4 were inter-
preted as a result of asimple ABX and AB spin system (Table I). According to
the pattern of the proton coupled 31P-NMR spectra of compounds 3 and 4, it was
concluded that only gem-diamino architectures are possible.

The electron impact M S spectrum of compounds 3 and 4 showed a well-de-
fined parent ion at m/z 617 (100 and 18 %) with the expected isotope pattern. The
peaks at m/z values of 543 and 279 correspond to the loss of tert-BuNH)and
CHy(OArCI)oCly groups, respectively. The N3P3 ring system in 3 and 4 is not
stable (the dominant ion was not observed at mvVz 134) during the fragmentation,
which indicates the loss of tert-butylamino, phenoxy and chloride fragments. The
fragmentation pattern of 3 was similar to that of 4.
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TABLE I. 1H-NMR, 13C-NMR and 31P-NMR spectral data in CDCls5; chemical shifts () are
reported in ppm

Compound

Atom
©) (4)
Haa’' 6.94 (2H, d-d, 33,4 = 6.69 Hz, 7.04 (2H, d-d, 33,4 = 8.62 Hz,
4‘]POAI'H =517 HZ) 4‘]POAI'H =8.61 HZ)
Hbb’ 7.17 (2H, d—d, 334y, = 6.69 Hz, 7.22 (d—d, 2H), (33, = 8.62 Hz,
4‘]HH =223 HZ) 4‘]HH =205 HZ)
Hec 7.29 (2H, d, 40y = 2.23 H2) 7.32 (2H, d, 4y = 2.05 H2)
Hd, He 4.01 (2H, g, 2Jyy = 1352 Hz, 4.00 (2H, g, 23y = 13.73 Hz,
S‘JPOCH = 291HZ) S‘JPOCH =201 HZ)
CH, 138 (9H. 5), 140 (9H, 9) 1.28 (9H, 9), 159 (9H, 9)
NH 2.40 (2H, broad) 3.70 (2H, d, 2Jpp= 5.92 H2)
cir 147.21 (d, 2Jpoe = 8.92 H2) 146.6 (d, 2Jpoc = 7.73 H2)
co2 131.02 (d, 3Jpoc = 2.7 H2) 131.69 (s)
c33 129.94 (s) 13013 (s)
cas 13357 (d, 5Jpoc = 3.7 H2) 133.37 (s)
Cs5 12854 (3) 12879 (s)
C66’ 124.04 (d, 3Jpoc =50 HZ) 123.95 (d, 3Jpoc =452 HZ)
C7 51.76 (s) 33.24 (s)
cs 33.35(9) 29.71(9)
co 31.45 (d, 3Jpne = 5.0 H2) 26.25 ()
Spin system ABX A,B
PA 0.76 (lP, q, Z‘JPANPB =70.49 Hz, 1.65 (2P, d, Z‘JF’ANPB =73.22 HZ)
PB 2‘]PANPX =71.96 HZ) 2553(1P, t, 2‘]PANPB =73.22 HZ)
Px 5.58 (lp, q, Z‘JPANPB =70.96 Hz, —

ZJPBNPX =71.15 HZ)
21.65 (1P, g, 2Jpanpx = 71.96 Hz,
2Jpenpx = 71.15Hz)

X-ray crystallography

The conditions employed for crystal data collection and the parameters of
the refinement process are summarized in Table Il and selected bond distances
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and angles are listed in Table I1l. The molecular structure with the atom-num-
bering scheme is shown in Fig. 1.21 The structure of 3 shows pseudo-mirror
symmetry. The mirror plane runs through the atoms N3, P1, C7, as confirmed by
the torsion angles. The dihedral angle between the cyclotriphosphazene ring and
phenyl ring planes is 58.98(7)°. The endocyclic bond angles (123.9(6)° and
118.5(5)°) for compound 3 are larger than those of the standard compound,
N3P3Cl6 (121.4(3)° and 118.3(2)°).22 In compound 3, the endocyclic angles of
the substituents (tert-butylamine) that are bonded to the phosphorus atoms, N2A—
—P2A-N3A, N2B—P2B-N3B are smaller than the other endocyclic angles. The
exocyclic N4AA-P2A-N5A, N4B-P2B-N5B angles (105.5(4)°; 105.3(6)°) are
larger than the other exocyclic angles due to the replacement of the bulky tert-
butylamino group by Cl atoms. According to the study of Bullen and Tucker,23
the phosphazene bond lengths are correlated with the electronegativities of
exocyclic substituents bound to a particular phosphazene core. The lengths of the
P—N bonds depend on the electronegativities of the substituents. In compound 3,
the 2,2’ -methylenebis(4-chlorophenoxy) group attached to P1 seems to have a
strong electron withdrawing character while the tert-butylamino group attached
to P2 seems to have a strong electron releasing character. Thus, the lengths of the
P-O and P-N bonds are changed considerably. The P-N bond Iengths in N3P3Rg
are generally the same provided that al the substituents R are the same. However
when R is a difunctional bulky substituent?4 or contains different substituents,
the P-N bonds may show significant variations.2526 In the structure 3, the P-N
bond lengths vary between 1.547(4) and 1.632(5) A due to the influence of the
difunctional bulky substituent and the tert-butylamino group. According to the
earlier report of Allcock et al.,12 the P-O bond lengths are not unusual, however
the PLA-O1 (1.542(4)] and the P1B—02 [1.493(8)) bond lengths are shorter than
P-O single bonds of 1.577(2) and 1.61 A.> These lengths are shorter than the P-O
single bond (1.61 A), which suggests some exocyclic delocalization of electrons.
The determined P-Cl bond lengths are in good agreement with the expected
values.5.27-29

The crystal structure is stabilized by a weak intermolecular hydrogen bond
and the molecules are stacked via weak C—H...x ring interactions in compound 3.

TABLE Il. Crystal data and structure refinements of compound 3

Formula CZlH2802N5P3CI4
Formulaweight 617.19

Crystal system Monoclinic

Space group P21/n

Crystal dimension 0.20 x 0.39 x 0.70 mm3
Temperature collection 296(2) K

Unit cell parameters a=10.842(4) A, b= 9.375(5) A, = 99.25(3)°,

€=29.104(11) A
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TABLE Il. Continued

Y 2920(2) A3

VA 4

D¢/ gcms 1.404

L(MoKar) / mmrl 0.598

F(000) 1272

26 ax 52.00°

h, k, | Range -13<h<13;-11<k<11; -3551<35
No. of measured reflections 41048

No. of independent reflections 5752

No. of observed reflections 3469

Data/ restraints / parameters 3469/ 350/ 479
Goodness-of-fit on F2 0.991

M easurement STOE IPDS 2
Program system STOE X-AREA
Structure determination SHELXS-97
Refinement method Full-matrix least-squares on F2
R, Ry (I > 204(1)) 0.0545, 0.1844
(AD)max—(AL)min | € A3 0.451-0.524

TABLE II1. Some selected bond lengths (A) and bond angles (°) of compound 3

Lengths

CI3A—P3A 2.001(3)
Cl4A-P3A 2.019(3)
P1A-O1 1.542(4)
P1A-N2A 1.561(5)

P2A—N4A 1575(5) CI3B—P3B 1.987(6)
P2A-N2A 1.501(5)  Cl4B—P3B 2.006(6)
P2A-N3A 1.632(5)  P1B-O2 1.493(8)

P2A-N5A 1.654(6) P1B-N2B 1.559(8)

P1B—O1 1.665(6)
P2B-N2B 1.596(8)
P2B-N3B 1.619(8)
P2B-N4B 1.685(8)

Angles

O1-PIA-N2A 105.1(2)
N2A-P1A-02 107.4(2)
O1-P1A-N1A 115.0(2)
N2A-P2A-N5A 105.8(3)
01-P1A-O2 104.5(2)
N1B-P1B-O1 98.9(3)
02-P1B-01 104.6(4)
N2B—-P2B-N3B 115.6(5)

N3B—P2B—N4B 101.9(4)
C13-02-P1B 126.8(4)
N3B-P3B-N1B 122.5(5)
C13-02-P1A 124.8(3)
N3B—-P3B—Cl4B 110.3(3)
P1A-N2A-P2A 123.9(3)
N1B—P3B—Cl4B 105.5(3)
P3A-N3A-P2A 122.0(3)

EXPERIMENTAL
Reagents and techniques

The 1H-, 13C- and 3!P-NMR spectra were recorded on a Bruker DPX FT-NMR spec-
trometer operating at 400, 101.6 and 161.99 (spectral datain CDCl3) MHz, respectively. The
IH- and 13C-NMR chemical shifts were measured using SiMe, as an internal standard; the
31IP-.NMR chemical shifts were measured using 85 % H3PO, as an external standard. The in-
frared absorption spectra were recorded on a Perkin EImer BX 1l spectrometer in KBr discs
and are reported in cmr® units. The electron impact (70 eV, ca. 1.12x10'17 J) mass spectra
were obtained on a VG-ZAPSPEC spectrometer with an ion source temperature of 240 °C.
Carbon, nitrogen and hydrogen analyses were performed on a LECO CHNS-932 analyzer.
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The melting points were measured on an Electro Thermal 1A 9100 apparatus using a capillary
tube. Hexachlorocyclotriphosphazene was purchased from Aldrich. It was recrystallized from
hexane and purified by fractional vacuum sublimation at 55 °C before use. Tetrahydrofuran
and hexane were purchased from Merck, distilled over sodium/benzophenone and stored over
molecular sieves. Sodium (Merck), tert-butylamine (Merck), 2,2’ -methylenebis(4-chlorophe-
nol) (Aldrich), and silica gel (Aldrich, 70-230 mesh, 60 A) were used as received. All reac-
tions were monitored using Kieselgel 60 F 254 (silica gel) pre-coated TLC plates. All reac-
tions and manipulations were performed under an atmosphere of dry argon.
Synthesis of 2,4’ 4’ ,6',6',10-hexachloro-4',4’,6',6’ -tetrahydrospiro[ 12H-dibenzo[ d,g] -
[ 1,3,2] dioxaphosphocin-6,2’ A°-[1,3,5,2,4,6] triazaphosphorine] (spiro) (1) and
2,6,8,8,10,14-hexachl or 0-8,8-di hydro-6H-61°,1045-nitrilo-10H,16H-dibenzo[ h k] -
[1,7,3,5,2,4,6] -dioxadiazatri phosphacyclododecine (ansa) (2)

Compounds (1) and (2) were prepared according to the published procedure.
Synthesis of 4,4’ -bis(tert-butylamino)-2,6’,6',10-tetrachloro-4' ,4',6' 6 -tetrahydrospyr o[ 12H-
-dibenzo[ d,g] [ 1,3,2] dioxaphosphocin-6,2' A°-[ 1,3,5,2,4,6] -triazaphosphozine] (spiro) (3)

tert-Butylamine (0.670 g; 9.20x103 mol) in dry THF (50 mL) was added drop wise to a
stirred solution of compound 1 (0.50 g; 9.2x104 mol) in dry THF (150 mL) at —20 °C over 1
h, with argon flowing over the reaction mixture. Then the mixture was allowed to come to
ambient temperature, boiled under reflux (24 h) using a condenser fitted with a CaCl, drying
tube. The precipitated amine hydrochloride was filtered off and the solvent removed by rotary
evaporation. The crude product was left to dry under vacuo and chromatographed (silica gel,
60 g, eluent; CHCly/n-hexane, 3:1) to give compound 3. Then, it was recrystallized from
CHCl/petroleum ether (50:70) by the slow diffusion method whereby a white solid formed,
yield 0.182 g.
Synthesis of 8,8-Bis(tert-butylamino)-2,6,10,14-tetrachl or 0-8,8-dihydro-6H-6.1%,10A5-nitril o-
10H,16H-dibenzo[ h,k] [ 1,7,3,5,2,4,6] -dioxadiazatriphosphacycl ododecine (ansa) (4)

tert-Butylamine (0.61 g; 8.30x103 mol) in dry THF (50 mL) was added drop wise to a
stirred solution of compound 2 (0.45 g; 8.30x10# mol) in dry THF (150 mL) at —20 °C for
over 1 h, with argon flowing over the reaction mixture. Compound 4 was prepared and
purified as compound 3, white solid, yield 0.153 g.

Crystal structure

The data collection for 3 was performed on a STOE IPDS-2 diffractometer employing
graphite-monochromatized MoKo. radiation (4 = 0.71073A). The collected intensities were
corrected for Lorentz and polarization factors; absorption correction was performed (u = 0.598
mm1) by the integration method via X-RED software 39 and the cell parameters were de-
termined using X-AREA software.3° The structure was solved using direct methods in the
WINGX implementation of SHELXS-97 31 and refined with SHELXL-97.32 A total of 479
crystallographic parameters were refined. Throughout the refinement process, the CI3, Cl4,
P1, P2, P3, N1, N2, N3, N4, N5, C14, C15, C16, C17, C18, C19, C20, C21 atoms were
treated as a disordered group. The site occupation factors of the disordered atoms were refined
to 0.71(2) and 0.29(2). All hydrogen atoms were located geometrically using a riding model.
The crystallographic data (excluding structure factors) for the structure reported in this paper
have been deposited with the Cambridge Crystallographic Data Centre as supplementary pub-
lication No. CCDC 644277.33
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M3BOJ

CHUHTE3A U CIIEKTPOCKOIICKE KAPAKTEPMCTUKE TEMUHAJTHUX-BUC (iwiepy-
-BYTUJIAMUHO)®OCDA3EHA JIOBUJEHUX PEAKLIMIOM CITUPO U AHCA
®EHOKCUPOCDA3EHA CA itiepy-BY THJTAMUHOM U CTPYKTYPA KPUCTAJIA
4,4 -BUC (iwiepy-BY THTAMUHO)-2,6',6',10-TETPAXJIOPO-4' 4' 6,6’ -TET-
PAXUIPOCITUPO[12H-IUBEH30[d,g][1,3,2] IMOKCADOCHOLMH-6,2 A5
-[1,3,5,2,4,6]-TPHA3ADOCDOPUHA]

DIGDEM ERDENER?, MUSTAFA YILDIZ}, HUSEYIN UNVER? NAZAN OCAK iSKELELI®u TAHSIN NURi DURLU?

lDepartment of Chemistry, Faculty of Science and Arts, Canakkale Onsekiz Mart University, TR-17100
Canakkale, 2Department of Physics, Faculty of Science, Ankara University, TR-06100 Tandogan, Ankara u
Department of Physics, Faculty of Science and Arts, Ondokuz Mayis University,
TR-55139 Kurupelit, Samsun, Turkey

Peakuuja KoHIeH3aIMje CYNICTUTYHCAHUX CHOHMPO U aHca (eHokcuimkiorpudocdazena 1 u 2
ca ilepy-OyTUIAMUHOM Jiaje  QMCYIICTUTYyHCaHe remuHaiHe-Ouc(iiepy-0yTniaMuHo)heHoK-
cunukiorpudocdasencke aepusare (3 u 4). CTpykTypa OBHX jeHICHA je OKapaKTepHcaHa ejie-
menTanHoM asamusoy, |C, 1H-, 13C-, 31P-NMR criexTpockonujoM # MaceHOM CHEKTPOMETPHjOM.
CTpyKTypa jeIumemha 3 UCTIUTaHa je W KPUCTATOrpad)CKOM aHAIM30M H YTBPHEHO je Na jennmbeme
KPUCTAIMIIE Y MOHOKJIHHHYHOj MPOCTOPHO] Tpymu P2;/n ca jenMHWYHUM mapametpuma: a =

=10,842(4), b = 9,375(5), ¢ = 29,104(11) A, #=99,25(3)°, V = 2920(2) A3, D, = 1,404 gcm’3,

(TTpumibeno 22. jyna 2010, peBuaupano 7. janyapa 2011)
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Abstract: A methanolic extract of Prenanthes purpurea L. leaves yielded 1,6 -
-di-O-cinnamoyl-g-D-glucopyranosyl-(1—3)-O-a-L-rhamnopyranosyl-(1—6)-
-O-$-D-glucopyranoside. The NMR and physical data of this new natural
compound are reported.

Keywords.: Asteraceae; Cichorieag; Hypochaeridinae; phenolic acids; Prenan-
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INTRODUCTION

Prenanthes purpurea L. is distributed over Central and Southern Europe and
the Caucasus.l Recent molecular results revealed that the genus Prenanthes is
monotypic and a member of the Hypochaeridinae subtribe within the Cichorieae
tribe of the Asteraceae family.2 The present communication deals with the iso-
lation and structure elucidation of 1,6”-di-O-cinnamoyl-/D-glucopyranosyl-
-(1-3)-O-a-L-rhamnopyranosyl-(1—6)-O- #-D-glucopyranoside, a new di-O-cin-
namoy!-trisaccharide derivative from a methanolic extract of leaves of P. pur-
purea of Austrian origin. The structure elucidation was based on extensive NMR
studies aswell as HR-MS data.

RESULTS AND DISCUSSION

Compound 1 was isolated from the ethyl acetate layer of the methanolic
extract of P. purpurea leaves employing silicagel column chromatography (CC),
repeated Sephadex LH-20 CC and semi-preparative RP-18 HPLC.

* Corresponding author. E-mail: Christian.H.Zidorn@uibk.ac.at
doi: 10.2298/JSC101210072P
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842 POSCH et dl.

Physical data. Amorphous white compound, glass transition above 141 °C;
FTIR (ZnSe, cm1): 3420 (br), 2920, 1710, 1636, 1578, 1529, 1496, 1450, 1332,
1312, 1283, 1204, 1174, 1074, 914, 865, 840, 807, 769, 713, 685. HRMS (m/2):
771.2520 [M+Na]*, calculated for CzgHg4017Nat: 771.2471. UV (MeOH) (Amax /
/ nm (log ¢)) 278 (4.22); [a]¥® —10° (MeOH; ¢ 0.0267 g mi—1).

The ESI mass spectrum of compound 1 displayed signals at m/z = 771
[M+Na]*, 641 [M—cinnamoyl+Na]*, and 511 [M—2-cinnamoyl+Na]* in the posi-
tive mode. Together with the IH-NMR and 13C-NMR data, which showed sig-
nals of three sugar moieties and two cinnamoyl moieties, these major mass sig-
nals were indicative of a molecular formula of C3gH44017. Based on one- and
two-dimensional NMR experiments (Table I), the three sugar moieties were ide-
ntified as two glucose and one rhamnose moiety. Linkage from the anomeric car-
bon of the rhamnose moiety to O-6 of the first glucose moiety was revealed by an
HMBC crosspeak from H-1' to C-6. Likewise, an HMBC crosspeak from the
anomeric proton of the second glucose moiety (H-1") to C-3' of the glucose moi-
ety indicated linkage of the second glucose moiety to the rhamnose moiety in this
position. Based on their 1H-NMR coupling constants, the anomeric protons were
identified as #-configured for the two glucose moieties and o-configured for the
rhamnose moiety. Thus, the sugar backbone of the structure was identified as a
-D-glucopyranosyl-(1—3)-O- oL -rhamnopyranosyl-(1—6)-O-4-D-glucopyranoside.

TABLE |. NMR data, 6/ ppm, of 1,6”-di-O-cinnamoyl-£-glucopyranosyl-(1—3)-O-o~rham-
nopyranosyl-(1—6)-O-#D-glucopyranoside (1) isolated from P. purpurea (measured in
DMSO-dg at 600 and 150 MHz for 1H and 13C, respectively; referenced to solvent residual
signals and solvent signals of DMSO-dg, H-NMR: 2.50 ppm and 3C-NMR: 39.50 ppm,
respectively; coupling constantsin Hz)

Position "H-NMR BC.NMR Position "H-NMR BC-NMR
Glucose 1 Glucose 2
1 5.48 1H, d (7.5) 4.1 1 446 1H, d (7.5) 104.2
2 3.24 1H, m? 721 2 3.10 1H, br t (8.0) 735
3 3.301H, m® 75.9 3 3.24 1H, m? 75.6
4 3.06 1H, br t (9.0) 69.6 4 3.19 1H, m* 69.5
5 313 1H, m* 76.5 5 3.47 1H, m? 76.1
6 3.80 1H, m? 66.9 6 4.33 1H, dd (12.0, 2.0) 63.4
3.40 1H, m? 4.25 1H, dd (12.0, 6.0)
Cinnamoyl 1 Cinnamoyl 2
1" 133.8 1 133.9

2”6  7412H,AA’BB'C 1289 276 7412H, AA'BB’C 128.9
3”/5" 7.702H,AA’BB'C 1284 3"/5" 7.702H, AA'BB’C 128.4

4°°  7431H,AA’BB'C 1304 4P 7.431H, AA'BB'C 130.6
7 7.701H,d(160) 1456 7 7.62 1H, d (16.0) 144.6
8" 6571H,d(16.0) 1175 8 6.61 1H, d (16.0) 117.9
9 - 164.8 9 - 166.2
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TRISACCHARIDE DERIVATIVE FROM P. purpurea 843

TABLE I. Continued

Position IH-NMR BC-.NMR
Rhamnose
T 4.49 1H, d (1.5) 100.3
2 3.83 1H, n? 69.3
3 3.54 1H, n? 816
4 3.40 1H, n? 705
5 3.51 1H, n? 67.7
6 1.14 3H, d (6.0) 17.8

2overl apping signals; lOsi gnals might be exchangeable

This trisaccharide is known as a constituent of other natural products, e.g.,
flavonoids found in tea (Camellia sinensis (L.) Kuntze).34 Esterification of the
anomeric C of thefirst glucose moiety was also proven by an HMBC experiment,
which revealed a crosspeak from H-1 to the carbonyl moiety (C-9”’) of one of
the two cinnamoyl moieties of the molecule. HMBC crosspeaks from the two
protonsin position 6" of the second glucose moiety to the carbonyl (C-9”") of the
second cinnamoyl moiety revealed that the second cinnamoyl moiety was at-
tached via an ester linkage in this position. Conclusively, compound 1 was iden-
tified as 1,6”-di-O-cinnamoyl-/-glucopyranosyl-(1—3)-O-a-rhamnopyranosyl-
-(1—-6)-O-Aglucopyranoside (Fig. 1). This compound represents a new natural
product.

Fig. 1. 1,6”-Di-O-cinnamoyl- 3 D-glucopyranosyl-(1—3)-O-a-L-rhamnopyranosyl-(1—6)-O-
D-glucopyranoside (1) isolated from the leaves of Prenanthes purpurea L.

Additionally, extracts of flowering heads and leaves were analyzed separa-
tely for the occurrence of known phenolic acids using established protocols.>8 In
the course of these investigations, in extracts of both leaves and flowering heads,
the following caffeic acid derivatives were detected by HPLC/DAD and HPLC/
IMS: caffeoyltartaric acid, cichoric acid, chlorogenic acid, 3,5-dicaffeoylquinic
acid, and 4,5-dicaffeoylquinic acid.

Induction of apoptosis was measured by flow cytometry in human CCRF-
-CEM and in human NCI-H929 cells.” Both after 24 h and after 48 h, compound
1 showed no cytotoxicity up to the highest concentration tested (100 uM).
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844 POSCH et dl.

EXPERIMENTAL
Plant material

Leaves of Prenanthes purpurea L. were collected in August 1996 NW Wieserberg,
Zell/Salzburg/Austria a 1200 m above mean sea level (coordinates (WGS84): N 47°27'; E
12°46’). Voucher specimens were deposited in the herbarium of the Institut fur Pharmazie
(CZ-960930i) and the private herbarium of CZ.

Extraction and isolation

Air-dried, ground leaves (468 g) of P. purpurea were exhaustively macerated with
MeOH to yield 64.1 g of crude extract after evaporation of the solvent in vacuo. The crude ex-
tract was re-dissolved in a mixture of MeOH and H,0 (1/2, v/v) and successively partitioned
with petroleum ether 40-60 °C , EtOAc, and n-BuOH. The EtOAc layer was brought to dry-
ness in vacuo to yield 7.95 g of residue. This residue was first fractionated by silica gel
column (150 cmx2.0 cm) chromategraphy using a gradient of CH,Cl, and MeOH. Fractions
containing 1 were successively (three times) fractionated on Sephadex LH-20 using a mixture
of methanol, acetone and water (3/1/1, v/v/v) as the mobile phase. Impure compound 1 (98.5
mg) was finally purified using semi-preparative RP-18 HPLC (Dionex-P580 pump, ASI-100
autosampler, UVD170U UV -detector, and Gilson-206 fraction collector; Waters (7.8 mmx100
mm) XTerra-Prep-MS-C18 column (5 um)) using a gradient of H,O and CH3CN to yield 44.5
mg of 1.

Characterization

Melting point/glass transition: Kofler hot-stage microscope, uncorrected. FTIR: Bruker
IFS 25; samples were applied to a ZnSe disk and measured in the transmission mode. UV:
Shimadzu U-2000 UV-Vis photometer. Optical rotation: Perkin Elmer Polarimeter 341.
ESIMS and HRMS: Daltronics-Esquire-3000 (ion trap) and Finnigan-SSQ-7000 (quadrupole)
mass spectrometers, respectively. NMR: Bruker Ultrashield 600 Plus.
Bioactivity

Induction of apoptosis was measured in human CCRF-CEM (T-acute lymphocytic leu-
kemia cell line) and in human NCI-H929 (multiple myeloma cell line) cells by flow cytometry
using established protocols.” Briefly, 0.5x10° cells ml-1 were incubated for 24 and 48 h with
or without compound (1, 10, 50 or 100 uM) dissolved in DM SO. Analyses were performed in
quadruplicate and appropriate solvent controls were included. The extent of apoptosis was
calculated as percentage of AnnexinV/PI negative cells compared to the controls.

Acknowledgements. The authors wish to thank R. Spitaler (Innsbruck/Austria) for proof-
reading and three anonymous reviewers for valuable suggestions to amend the manuscript.
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U3BO [
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W3 meranosHOr excrpakra jminha 6uibke Prenanthes purpurea L. Usonosanu cy 1,6”-1u-O-
rHamMow- FD-riykonupanosui-(1—3)-O-a-L-pamuonupanosui-(1—6)-O- f-D-riykomnupano-
supu. [Ipukazanu cy HMP CEKTpH U aHATMTHYKH [TOJIAIM HOBHX TIPUPOIHHX jEIUELEHA.

(Mpumsseno 10. neriem6pa 2010, pesuaupano 26. janyapa 2011)

REFERENCES

1. H. Meusd, E. J. Jager, Vergleichende Chorologie der zentraleuropéischen Flora, Vol. 3,
Gustav Fischer Verlag, Jena, Germany, 1992, p. 540

2. N. Kilian, B. Gemeinholzer, H. W. Lack, in Systematics, Evolution, and Biogeography of
Compositae, V. A. Funk, A. Susanna, T. F. Stuessy, R. J. Bayer, Eds., IAPT, Vienna,
Austria, 2009, pp. 343-383

3. A.Finger, U. H. Engelhardt, V. Wray, J. Sci. Food Agric. 55 (1991) 313

4. S. Scharbert, N. Holzmann, T. Hofmann, J. Agric. Food Chem. 52 (2004) 3498

5. P. Fusani, C. Zidorn, J. Food Comp. Anal. 23 (2010) 658

6. C. Zidorn, B. Schubert, H. Stuppner, Biochem. Syst. Ecol. 33 (2005) 855

7. G. Koopman, C. P. Reutelingsperger, G. A. M. Kuijten, R. M. J. Keehnen, S. T. Pals, M.
H. J. van Oers, Blood 84 (1994) 1415.

2011 Copyright (CC) SCS

©

OSE)

EY HMC HD






_mwmwm

Journal of
the Serbian

Chemical Society

%"ﬁ'mm T e JSCS-info@shd.org.rs « www.shd.org.rs/JSCS
J. Serb. Chem. Soc. 76 (6) 847855 (2011) UDC 547.867.6+547.16+
JSCS4165 543.42+548.7:547.233+547.264

Original scientific paper
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Abstract: g-Lactoglobulin (BLG) is an important nutrient of dairy products and
an important allergen in cow’s milk allergy. The aim of this study was to in-
vestigate the potentia of laccase to cross-link BLG in the presence of an apple
phenolic extract (APE) and to characterize the obtained products for their di-
gestibility by pepsin and pancreatin. The composition of the apple phenolics
used for cross-linking was determined by liquid chromatography—electrospray
ionization-mass spectrometry (LC-ESI-MS). The apple phenolic extract
contained significant amounts of quercetin glycosides, catechins and
chlorogenic acid. The laccase cross-linked BLG in the presence of apple phe-
nolics. The polymerization rendered the protein insoluble in the reaction mix-
ture. Sodium dodecy! sulfate—polyacrylamide gel electrophoresis (SDS-PAGE)
analysis of the cross-linking reaction mixture reveaed a heterogeneous mixture
of high molecular masses (cross-linked BLG), with a fraction of the BLG re-
maining monomeric. Enzymatic processing of BLG by laccase and apple poly-
phenols as mediators can decrease the biphasal pepsin—pancreatin digestibility
of the monomeric and cross-linked protein, thus decreasing its nutritional va-
lue. In addition, reduced BLG digestibility can decrease its allergenic potential.
Apple polyphenols can find usage in the creation of new, more functional food
products, designed to prevent obesity and hypersensitivity-related disorders.

Keywords: apple polyphenols; flactoglobulin; laccase; allergen; digestibility.

INTRODUCTION

Enzymatic processing of food proteins for improvement of food texture and
functionality is a good replacement for chemical additives. Laccase is a polyphe-
nol oxidase that acts on phenolic compounds and can facilitate the cross-linking

* Corresponding author. E-mail: dstanic@chem.bg.ac.rs
# Serbian Chemical Society member.
doi: 10.2298/JS5C101201077T
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848 TANTOUSH et al.

of proteins.1=3 The cross-linking of tyrosine-containing peptides by laccase has
been shown to proceed via tyrosyl radicals that form primarily isodityrosine, and
also a small amount of dityrosine bonds.4> The formation of disulfide bonds by
the oxidation of cysteines into cystine is another way of cross-linking proteins,
which laccase can induce in flour dough using ferulic acid as a mediator.3 Enzy-
matic cross-linking of food proteins can have beneficial effect on their safety and
can influence their digestibility by digestive enzymes.® Reductions of allergeni-
city were shown for beta-casein cross-linked by laccase/caffeic acid and tyro-
sinase/caffeic acid,’ peanut proteins cross-linked by polyphenol oxidase,8 roasted
peanut allergens treated with peroxidase © and major cherry allergen exposed to
tyrosinase in the presence of various polyphenols.10 Thus, the usage of enzymes
was anticipated as a novel approach for the production of hypoallergenic foods.11

SLactoglobulin (BLG) accounts for approximately 10-15 % of the total
milk proteins.12.13 |t also represents a serious health risk in cow’s milk alergic
patients as it is known as one of the major milk allergens!4-16 and is one of the
most resistant proteins to enzymatic digestion by pepsin.1’ Under physiological
conditions, it is a very soluble protein, thereby easily passing the transepithelial
barrier and is able to cause systematic anaphylactic reactions.18 It was recently
shown that enzymatic processing by laccase and the employment of sour cherry
phenolic extract as the mediator of enzymatic reaction may improve BLG safety
and availability of peptides following digestion by pepsin, while conserving its
bioactivity.19

Apples contain significant levels of polyphenols, possessing strong antioxi-
dative?0 and potent immunomodulatory activity.?! Recently, plant polyphenols
have been defined as one class of gammadelta T cell agonist and appear to pre-
ferentially activate the mucosal T cell population.?2

In this study, the cross-linking potential of laccase on purified BLG in the
presence of an apple polyphenol extract (APE), as a source of phenolic media-
tors, and the digestibility of cross-linked BLG under simulated conditions of the
gastrointestinal tract were investigated.

EXPERIMENTAL
Chemicals

Pepsin (from porcine stomach mucosa, 2650 U mg® solid), pancreatin (from porcine
pancreas), Folin—Ciocalteu’s phenol reagent, galic acid, ABTS (2,2’ -azino-bis(3-ethylbenzo-
thiazoline-6-sulfonic acid) and laccase (from Trametes versicolor, 30.6 U mg! of solid) were
purchased from Sigma-Aldrich (Taufkirchen, Germany). Anti-rabbit IgG labeled with akaline
phosphatase was aso from Sigma. Urea and disodium hydrogen phosphate (analysis grade)
were purchased from Merck (Darmstadt, Germany). The deionized water (DW) used in the
experiments was purified in aMilli-Q system (Millipore, Molsheim, France).
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DIGESTIBILITY OF CROSS-LINKED S-LACTOGLOBULIN 849

Purification of B-lactoglobulin and determination of protein

BL G was purified from raw milk essentially as described previously.23 The purity of the
protein was assessed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
—PAGE). The concentration of the BLG was determined by spectrophotometry at 280 nm (&=
=0.943 mg'l mL cmY).

Preparation and characterization of the apple phenolics

Apple peel extract, 250 mg, (Applepoly, Apple Poly™, USA) was dissolved in 5 mL of
HPLC grade ethanol, centrifuged for 15 min at 13400 rpm, and the supernatant was submitted
to LC-MS analysis of the APE composition. The components of apple extract were identified
according to their m/z values, UV/Vis absorption spectra and retention times. Relative quan-
tities of phenolics were caculated from the peak areas on the chromatograms. The tota
phenalics in the APE were determined by spectrophotometric analysis using Folin—Cio-
calteu’ s reagent 24 and are expressed as mg gallic acid equivalents (GAE)/100 mL of APE.
LC-MSanalysis

Chromatographic separation was performed on Agilent 1100 series high-performance
liquid chromatography—electrospray ionization-mass spectrometry-time of flight (HPLC—ESI-
-MS-TOF), equipped with a diode array detector (DAD). The separations were readlized on a
Zorbax C18 1.7 um column (4.6 mmx50mm). The mobile phase consisted of water containing
0.1 % formic acid (A) and acetonitrile containing 0.1 % formic acid (B). The separation was
performed on a linear gradient of acetonitrile in water (090 % B) during 20 min. The
injection volume for al sampleswas 1 uL. Mass detection was performed on an Agilent 6520
TOF detector coupled to the chromatographic system. The mass spectra were obtained at a
mass-to-charge ratio (m/z) scan range from 100 to 3200. The following MS parameters were
used for the analysis: charging voltage, 2000 V; capillary voltage, 4000 V; nebulizer pressure,
45 psig; drying gas flow rate, 12 L min'l. The samples were analyzed in the negative mode.
Data was processed using Analyst QS 1.1 from Applied Biosystems and Chemspider database
for the structure search.

Polymerization of apple phenolics by Trametes versicolor laccase

In order to obtain polymeric catechins, apple phenolics were treated with laccase. Lac-
case activity was determined using ABTS (2,2’ -azinobis(3-ethylbenzothiazoline-6-sulfonic
acid)) as the substrate.3 20 uL of laccase (0.1mg mL"! final concentration) was added to 430
uL of apple phenolics extract (50 mg GAE mL-1) and 50 puL of 200 mM acetic buffer pH 4.5.
After incubation for 24 h at 37 °C, the mixture was centrifuged for 15 min at 13400 rpm and
supernatant was submitted to LC-MS analysis.

Electrophoresis

SDS-PAGE was redlized using a Hoefer Scientific Instrumentation apparatus (Amer-
sham Biosciences, Uppsala, Sweden) with a discontinuous buffer system. The Protein com-
ponents were resolved on 12 and 10 % polyacrylamide gels and stained using Coomassie
Brilliant Blue R-250 (Sigma-Aldrich).

Cross-linking of BLG by laccase in the presence of APE

To prepare the laccase-treated samples, 1.6 mg mL™1 BLG, APE in the range of phenol
concentration (0.06 to 0.99 mg mL-1 of gallic acid equivalents) and 30.95 U mL1 laccase in
40 mM acetate buffer, pH 4.5 were incubated for 2 h at 37 °C with shaking and the reaction
was stopped by addition of 1 mM ethylenediaminetetraacetic acid (EDTA) in final and the
sample was immediately frozen. The control samples were prepared in the same manner but
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the laccase and mediator were omitted. For digestibility analysis, cross-linked BLG was
prepared using 0.33 mg mL"1 of gallic acid equivalents APE, 30.95 U mL™! laccase and 1.6
mg mL-1 BLG in a reaction mixture of 0.6 mL. After cross-linking, the reaction mixture was
centrifuged for 30 min at 12340 rpm. The pellet was washed with 50 mM acetate buffer pH
4.5 two times and pellet was resuspended in 0.6 mL of 50 mM acetate buffer.
Digestion of the cross-linked BLG by pepsin and pancreatin

In vitro gastric fluid digestion of BLG was performed as described previoudy, with
some modifications. Briefly, fifty microliters of BLG control and laccase-treated BLG (1.6
mg mL-1), with or without APE solutions (0.24 mg mL™1 of GAE), were diluted with 10 pL of
DW, warmed to 37 °C, and 20 uL of pre-warmed 0.4 M HCI containing 8 g L'1 of NaCl and
1.28 g L1 of pepsin were added (1 U of pepsin/ug of protein). Digestion proceeded at 37 °C
with continuous shaking for 18 h. The digestion was stopped with 5 puL of 2 M Na,COs, and
samples were vortexed vigorously and mixed with 21.25 uL of five times concentrated sample
buffer for SDS-PAGE analysis. Thirteen microliters of each sample were applied per lane (10
ug of BLG, laccase-treated BLG or laccase/APE treated BLG per well). A pepsin control was
set up in the same manner but with no addition of BLG. BLG, laccase-treated BLG and
laccase/APE treated BLG controls were prepared without pepsin. For bi-phasal pepsin—pan-
creatin digestion, pepsin digestion was performed as described above and the digestion was
stopped with 5 uL of 2 M Na,CO3. To 85 pL of the reaction mixture, 9.5 puL of pancreatin (10
mg mL-1) in ten times concentrated phosphate buffered saline (PBS) was added and digestion
proceeded for 4 h. An aiquot of 17 uL was diluted with 46 uL of water to make 63 pL of
mixture for analysis, which was centrifuged at 13400 rpm for 20 min. Both supernatant and
pellet samples (re-suspended in 32 uL of PBS) were mixed with five times concentrated
sample buffer (16 and 8 uL, respectively) for SDS-PAGE analysis and the reaction of pan-
creatin digestion was stopped by boiling at 95 °C for 5 min.

RESULTS AND DISCUSSION

The main constituents of APE are chlorogenic acid, phloretine glucosides
and mono-, di- and trimeric catechines (Fig. 1A, Table 1). The composition of
APE used in this study was similar to previously described phenolic contents of
polyphenols extracted from apple pea's, although the number of components was
reduced because of extensive purification.20 Exposing APE to laccase induced
polymerization of the polyphenol compounds (Fig. 1A) giving extensive preci-
pitate that could not be analyzed. The soluble fraction of APE treated with lac-
case was subjected to LC-MS analysis and the components identified are pre-
sented in Fig. 1B and Table I. It can be observed that the spectra of the untreated
and laccase-treated APE are very similar. The only significant difference is the
reduction in the (—)epicatechin content after treatment. The percent (—)epicate-
chin decreased from 25.74 to 14.17 % of the total phenolics after laccase treat-
ment. A very dlight increase in the concentration of procyanidine C (epicatechin
trimer) was aso observed, i.e., from 3.63 % before laccase treatment to 4.8 %
after, indicating that polymerization reactions occurred, depleting the content of
catechin, and increasing the content of higher oligomers. Oligomers with more
than 3 catechin units were not detected, probably due to the ionization techniques
used and/or their precipitation from the reaction mixture.
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DIGESTIBILITY OF CROSS-LINKED S-LACTOGLOBULIN 851

APE was able to mediate the cross-linking of BLG by laccase. Proteins also
became insoluble in the reaction mixture. Highly polymerized BLG could be
seen at the top of the running and stacking gel after SDS PAGE. Increasing con-
centration of APE and ratio of APE: BLG did not increase the amount of the
cross-linked protein, although an extensive pellet was obtained due to formation
of condensed polyphenols (tannins). The tannin network apparently captures so-
luble BLG, resulting in its disappearance from the reaction mixture (Fig. 2). In
addition, the products of enzymatic conversion of polyphenols were able to inhi-
bit the laccase. Therefore, the BLG cross-linking could not proceed to comple-
tion. Similar results were obtained with sour cherry phenols-mediated cross-link-
ing of BLG. A small truncation of the BLG could also be observed, due to the
presence of endoprotease in the commercial laccase preparation.23

8

£.4e0

Relative intensity, cps

Time, min

(A)

Relative intensity, cps

Time, min
(B)
Fig 1. LC-MS chromatograms of apple phenolic extract: A) untreated B) treated with laccase.
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TABLE I. The main phenol components of apple phenolic extract untreated and treated with
laccase, determined by LC-ESI-MS

) Untreated APE L accase treated APE
Main phenol components Mz Peak tr/Min %inextract tg/min % in extract
Quinic acid 191 1 0.37 0.56 0.36 0.41
Proanthocyanidin B 577 2 2.20 157 221 342
Chlorogenic acid 353 3 244 3172 24 38.19
Neochlorogenic acid 353 da 2.80 na 2.76 5.92
Epicatechin, 289 4b 2.89 25.74 2.89 14.18
coumaroylquinic acid
Proanthocyanidin C 865 5 3.09 3.63 3.08 4381
Proanthocyanidin B, 577 6 3.51 0.79 3.50 0.57
quercetin glucoside
Phloretin xyloglucoside 567 7 3.77 8.97 3.75 7.85
Phlorizin 435 8 4.02 23.35 4.00 22.89
Quercetine 301 9 4,59 0.59 4,59 0.31
Phloretin 273 10 5.00 1.63 4,99 1.77

A) B)
3\ U N L wq == - insoluble
e B aggregates
—_ - cross-linked
116 BLG
62.2
45 - Laccase
35
25
18 WS- BLG ) &= -
_—
M E B C 1 2 3

Fig 2. A) Cross-linking of BLG by laccase analyzed by 12 % SDS PAGE; M —molecular
markers, E —laccase, B —BLG, C — APE/laccase cross-linked BLG. B) Influence of different
concentration of APE on the cross-linking of BLG by laccase: 1 —0.33 mg mL1 GAE APE,
2—0.66 mg mL"* GAE APE, 3—0.99 mg mL-1 GAE APE.

To test the metabolic prediction for novel proteins, in vitro studies with si-
mulated digestive solutions have been widely used. Typicaly, most food aller-
gens tend to be stable to the peptic and acidic conditions of the digestive system
in order to reach and pass through the intestinal mucosa to elicit an allergic res-
ponse. Therefore, consideration of the resistance of proteins to proteolytic diges-
tion (digestion in simulated gastric or intestinal fluids or by pepsin) has been in-
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cluded as one of the components of a comprehensive weight-of-evidence approach
to assessing alergenic potential by Codex Alimentarius.2® Cross-linked BLG
was exposed to biphasal digestion by pepsin and pancreatin. Due to insolubility
of the cross-linked BLG and the formed tannins, the excess of soluble proteins
(laccase, BLG) and soluble polyphenols were removed from reaction mixture by
centrifugation and several washing steps before digestion. The control (untreated
BLG) was resistant to pepsin digestion, but very susceptible to pancreatin diges-
tion (Fig. 3), as described previously.26 Cross-linked BLG remained undigested
by pancreatin, even after prolonged digestion. The undigested protein remaining
in the insoluble fraction of the cross-linked BLG was probably protected from
enzyme exposure by a complex network of condensed polyphenals.

—l w. (i:'(n;ss-lmked
116

62.2 —

45

35

25

—

18 - --_.._... g ——— __-:-BLG

M R P G I Blg PPk AP

Fig 3. Digestibility of cross-linked BLG by pepsin and pepsin/pancreatin, analyzed by 10 %
SDS PAGE; M — molecular markers, R — APE/laccase cross-linked BLG, P — resuspended
APE/laccase cross-linked BLG after washing, G — pepsin digestion of APE/laccase
cross-linked BLG, | — pepsin/pancreatin digestion of APE/laccase cross-linked BLG,
Blg — pepsin/pancreatin digestion of BLG, PPk — control (pepsin and pancreatin),
AP —insoluble pellet after pepsin/pancreatin digestion of APE/laccase cross-linked BLG.

It iswell known that proteins resistant to both gastric and intestinal digestion
are not allergenic. Very recently, the intestinal digestibility of gastric-resistant
proteins has been proposed to have implications on oral tolerance to food aler-
gens.2’ An intermediate digestion seems to be required to provide both sensi-
tizing and lack of oral tolerance inducing the capability of a food sensitizer. The
data from animal models also show that both gastric and intestinal-resistant al-
lergens do not carry strong food allergy risk or induce oral tolerance, simply be-
cause both food allergy and oral tolerance are major histocompatibility complex
(MHC) class I1-dependent processes and require antigen presentation to the im-
mune system, i.e., readily available peptides in the intestina fluids.28 The im-
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plications of the present findings are a decreased concentration of intact protein
and larger peptides in the intestinal fluids in the case of APE-mediated cross-
linking of BLG, leading to lower concentrations of allergen/allergenic peptidesin
the intestinal fluids. In addition, the anti-nutritive properties of APE-mediated
cross-linking of food proteins could find employment in the creation of dietetic
preparations, thus helping in the control of obesity and related disorders.

CONCLUSIONS

Apple polyphenolic extract is able to mediate enzymatic cross-linking of a
major whey alergen, Alactoglobulin, by laccase. Paralel formation of con-
densed products (tannins) and a protein-polyphenol network decreased the solu-
bility of BLG and its digestibility by pepsin and pancreatin. The results of the
study showed the potential of enzymatic processing in producing new and safer
food with improved functional properties.

Acknowledgments. The authors acknowledge the financial support through the grant No.
172024 of the Ministry of Education and Science of the Republic of Serbia and the FP7
project FCUB ERA, GA No 256716.

U3BO/

JUTECTUBUIJIHOCT BJIAKTOTJIOBYJIMHA HAKOH BbETOBOI' YHAKPCHOI'
TIOBE3VIBAbA JIEJCTBOM JIAKAS3E 13 Trametes versicolor 1
MNOJINPEHOJIA U3 JABYKE

ZIYAD TANTOUSH, JIVKA MUXAJJIOBUR, BOJAHA KPABUR, JAHA OT'thEHOBU'R, PATKO M. JAHKOB, TAbA
AMPKOBWH BEJIMYKOBWH u IPATAHA CTAHWR-BYUYMHU R

Xemujcku ¢haxyaitieiti, Ynusepauitieiti y beozpaoy, Citiyoeniticku iipz 16, 11001 Beozpao

S-Jlakrornobynun (BLG) je BakaH HYTPHjeHT MIICYHHX MPOM3BOJA M BayKaH alepreH KOI
alepruja Ha KpaBjbe Mieko. L{uip oBe cTynmje je OMIO MCIMTHBAMkE MMOTEHIMjalIa Jlaka3e 1a yHa-
kpcHo noBexxe BLG y npucyctBy ¢eronHor ekcrpakra jabyke (APE), kao u kapakrepusanuja
JOOHMjEeHUX MPOU3BOJIA Ca aCNeKTa BUXO0BE JUIeCTHOMIHOCTH NENCHHOM M IaHKpeaTHHOM. Komro-
3unja heHona jabyke KopuIinheHHX 3a YHaKpCHO MoBe3uBame onpelena je momohy LC—ESI-MS.
DeHOJHYN eKCTPaKT jabyKe caJpiKH 3HaTHE KOJIMYMHE IIIMKO3H/a KBEPLETHHA, KATEXUHE U XJIOpO-
reHcKy kucenuHy. BLG je yHakpcHO IoBe3aH Jlaka3oM y NPHUCYCTBY (eHoia jabyke, Ipu 4eMy je
nonuMepu3anyja yunauia BLG HepacTBopHuM y peaknuonoj cmemu. SDS-PAGE ananmza moxa-
3aja je Ja PeakIHoHa CMEIIa CafpXKH XeTEPOreHy CMEIly BEIHKHX MOJEKYJICKHX Maca (YHAKpPCHO
noBe3an BLG), kao u meo 3aoctanor Monomepror BLG. Ensumcko npouecoBame BLG nakasom, y
npucycTBy nonudeHona jabyke kao MeaujaTopa, MOXKe CMambUTH On(a3Hy NerncHH—IIaHKpeaTHH-
CKY JMI€CTHOMIIHOCT KaKO MOHOMEPHOT, TaKO M YHAaKpCHO moBe3aHor BLG, u Ha Taj HauuH cMa-
BHUTH BECTOBY HYyTPUTHUBHY BpeqHocT. Takole, cmameHa aurectubuminoct BLG moxe cMamuTi
EroB anepreHu noreHnujal. [lommupenonu jabyke MOTy ce KOPHCTHUTH 32 Kpeupame HOBHUX, (QyHK-
UOHAITHHJUX TPeXpaMOCHHUX MPOM3BO/A, AW3AjHUPAHUX 3a MPEBEHIHNjY KAaKO r0ja3HOCTH, TAKO U
00JIeCTH BE3aHMX 3a MIPEOCETIHHUBOCT.

(MTpumsbero 1. nenem6pa 2010, pesuaupano 17. janyapa 2011)
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Abstract: The genus Dorema (Apiaceae) is represented in the flora of Iran with
seven species of which two, D. ammoniacum D. Don. and D. aucheri Boiss. are
endemic. Ripe fruits of D. ammoniacum collected just in the deciduous time
were subjected to hydrodistillation to yield the essential oil, which was sub-
sequently analyzed by GC and GC-MS. Twenty-nine compounds were identi-
fied and quantified, representing 95.1 % of the total oil. (2)-Ocimenone (22.3
%) and (E)-ocimenone (18.1 %) were the main components of the ail. In vitro
antimicrobial activity of the oil was evaluated against seven Gram-positive and
Gram-negative bacteria (Bacillus subtilis, Enterococcus faecalis, Staphylococ-
cus epidermidis, Staphylococcus aureus, Escherichia coli, Pseudomonas aeru-
ginosa and Klebsiella pneumoniae) and three fungi (Candida albicans, Sac-
charomyces cerevisiae and Aspergillus niger). The results of the antimicrobial
assay of the oil by the disc diffusion method and the MIC values indicated that
the oil exhibited moderate to high antimicrobial activity, especially against B.
subtilisand S. epidermidis with MIC value of 3.75 mg ml-1,

Keywords: Dorema ammoniacum; Apiaceae; essential oil composition; anti-
microbial activity; ocimenone; (Z)-ocimenone; (E)-ocimenone.

INTRODUCTION

Essential oils obtained from many plants have recently gained in popularity
and scientific interest. Many plants are used for different purposes, such as food,
drugs and perfumes. Researchers are interested in biologically active compounds
isolated from plant species for the eradication of pathogenic microorganisms
because of the resistance that microorganisms have acquired against antibiotics.

* Corresponding author. E-mail: mortezal10110@gmail.com
doi: 10.2298/JSC100830074Y
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The genus Dorema D. Don. (Apiaceae) is represented in the flora of Iran by
seven species, among which two are endemic, D. ammoniacum D. Don. and D.
aucheri Boiss.23 D. ammoniacum, a vulnerable species, grows to a height of
about 1-2 m and in spring and early summer contains a milky juice. It is one of
the most important endemic medicinal plantsin many arid and semi-arid regions
of Iran, such as the Yazd, Isfahan and Semnan provinces, which are known by
the local Persian names of Kandal, Vasha and Koma-kandal.2=4 D. ammoniacum
produces a medicinal gum resin, commonly known as ammoniacum gum, which
is found in cavities in stems, roots, and petioles.> The resin exudes from punc-
tures in the stem, which can occur from insect attack. The resin serves as a car-
minative, diaphoretic, mild diuretic, expectorant, poultice, stimulant, antimicro-
bial, and vasodilator agent.® It is still used in Indian and Western Medicine and is
listed in the British pharmacopoeia? as an antispasmodic and expectorant. It is
occasionally used for chronic bronchitis and persistent coughs.® The antimic-
robia activity of the dichloromethane-methanol (1:1) extract of the plant gum
was previously reported.” A literature survey revealed that the essential oil com-
positions of D. aucheri aerial parts8 and D. ammoniacum leaves® have already
been reported. However, the chemical composition and antimicrobial activity of
the essential oil of D. ammoniacum fruit has not hitherto been investigated, and
hence the present study was focused on the possible uses of this oil in pharmacy
and pathogenic systems.

EXPERIMENTAL

Plant material

Ripe fruits of D. ammoniacum were collected just in deciduous time from the Semnan
Road toward Firoozkuh after Bashm Defile (35° 46 11" N, 52° 52’ 38" E and dtitude of
1300 m), Semnan Province, Iran. A voucher specimen (AS-85406) was deposited at the
Herbarium of Ecology and Systematic Department, Research Institute of Applied Science,
Shahid Beheshti University, Tehran, Iran.

I solation of the essential oil

Dried fruits of the plant (500 g) were hydrodistilled using a Clevenger type apparatus for
3 h according to the method recommended in the British Pharmacopoeia (1993).1° The re-
sulting essential oil was dried over anhydrous sodium sulfate and stored at 4 °C until analyzed
and tested.

GC and GC-MS analyses

The GC-FID analysis of the oil was conducted using a Thermoquest-Finnigan instru-
ment equipped with a DB-5 fused silica column (60 mx0.25 mm i.d., film thickness 0.25 um).
Nitrogen was used as the carrier gas at the constant flow of 1.1 ml min-l. The split ratio was
1.50. The oven temperature was increased from 60 to 250 °C at a rate of 5 °C min'l. The
injector and detector (FID) temperatures were maintained at 250 and 280 °C, respectively.
The GC-MS analysis was performed on a Thermoquest-Finnigan Trace GC-MS instrument
equipped with the same column and temperature programming as given for the GC analysis.
The transfer line temperature was 250 °C. Helium was used as the carrier gas at a flow rate of
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COMPOSITION AND ANTIMICROBIAL ACTIVITY OF THE ESSENTIAL OIL OF D. ammoniacum 859

1.1 ml min't with a split ratio of 1/50. The constituents of the essential oil were identified by
calculation of their retention indices under temperature-programmed conditions for n-alkanes
(C6-C24) and the il on a DB-5 column under the same conditions. Identification of indi-
vidual compounds was made by comparison of their mass spectra with those of the internal
reference mass spectra library (Wiley 7.0) or of authentic compounds and confirmed by
comparison of their retention indices with those of authentic compounds or with those re-
ported in the literature.l1 Semi-quantitative data was obtained from the FID area percentages
without the use of correction factors.
Microbial strains

Ten microbial strains were used which included; Bacillus subtilis (ATCC 465), Entero-
coccus faecalis (ATCC 29737), Staphylococcus aureus (ATCC 25923), Siaphylococcus epi-
dermidis (ATCC 12228), Escherichia coli (ATCC 25922), Klebsiella pneumoniae (ATCC
10031), Pseudomonas aeruginosa (ATCC 85327), Aspergillus niger (ATCC 16404), Candida
albicans (ATCC 10231) and Saccharomyces cerevisiae (ATCC 9763).
Antimicrobial screening

The antimicrobial activity of essential oil was determined by the disk diffusion method.12
Briefly, 0.1 ml of a suspension of the test microorganism (108 cells mi-1) was spread on Muel-
ler—Hinton Agar plates for bacteria and Sabouraud Dextrose Agar for the fungi. Sterile 6 mm
disks, each containing 10 ul of essential oil were placed on the microbia lawns. The plates
were incubated at 37 °C for 24 h for the bacteria and at 30 °C for 48 h for the fungi. The
diameters of the zones of inhibition were measured and are reported in mm. Triplicate tests
were performed in all experiments.
Determination of minimum inhibitory concentration (MIC)

The MIC values were determined by the broth microdilution assay.1® Seria two-fold
dilutions of the essential oil were made in Mueller—Hinton Broth containing 0.5 % Tween 80
for the bacteria and Sabouraud Dextrose Broth with 0.5 % Tween 80 for the fungi in 96-well
micro titer plates. Fresh microbial suspensions prepared from overnight-grown cultures in the
same media were added to give a final concentration of 5x10° organisms ml-1, Controls of
medium with microorganisms or the essential oil alone were included. The microplates were
incubated at 37 °C for 24 h for the bacteria and 30 °C for 48 h for the fungi. The first dilution
with no microbial growth was recorded as the MIC.

RESULTS AND DISCUSSION
Essential oil analysis

The hydrodistillation of D. ammoniacum fruits gave a yellow oil in 0.09 %
(w/w) yield, based on the dry weight of the fruit. Twenty-nine components were
identified representing 95.1 % of the total oil. The qualitative and quantitative
essential oil compositions are presented in Table |, in which the compounds are
listed in order of their elution on the DB-5 column. The magjor constituents of the
oil were (2)-ocimenone (22.3 %), (E)-ocimenone (18.1 %) and fS-cyclocitra (9.9
%). (2)- and (E)-ocimenone were previously reported as the main compounds of
the essential oil of Ferula latisecta (Apiaceae).1# The classification of the iden-
tified compounds based on the major groups is summarized at the end of Table |
and shows that oxygenated monoterpenes (58.4 %) were the main group of com-
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pounds. In an earlier investigation on the essential oil composition of D. ammo-
niacum leaves,® a~gurjunene (49.5 %), S-gurjunene (19.0 %) and o-selinene (4.6
%) were found to be the main constituents while, in the present study, (2)- and
(E)-ocimenone, A-cyclocitral and ar-curcumene were characterized as the major
components, which could be attributed to their ecological variability or plant
part. Masoudi et al. reported o~eudesmol (31.2 %) and &-cadinene (10.9 %) as
the main components of the essential oil of D. aucheri aerial part.8

TABLE I. Essentia oil composition of D. ammoniacum fruit (RI: retention indices relative to
C6-C24 n-akanes on a DB-5 column)

No. Compound RI Content, %
1 1,3,8-p-Menthatriene 1119 0.5
2 (E)-Tagetone 1126 22
3 (2)-Tagetone 1133 32
4 (E)-5-Undecen-3-yne 1163 0.7
5 trans-2-Caren-4-ol 1178 22
6 BCyclocitra 1189 9.9
7 (2)-Ocimenone 1213 22.3
8 (E)-Ocimenone 1220 18.1
9 p-Mentha-1,8-diene 1246 0.5
10 Piperitenone oxide 1293 0.5
11 o-Cubebene 1356 04
12 a-Copaene 1385 3.2
13 [Bourbonene 1395 41
14 [talicene 1414 1.0
15 Di-epi-a-Cedrene 1427 29
16 o-Longipinene 1430 0.9
17 f-Cedrene 1433 05
18 [-Barbatene 1457 3.0
19 o-Humulene 1462 11
20 ar-Curcumene 1475 6.4
21 (2)-(E)-Farnesene 1481 0.6
22 Germacrene D 1487 3.0
23 Bicyclogermacrene 1502 0.9
24 Cuparene 1506 29
25 o-Cadinene 1522 0.8
26 Spathulenaol 1576 1.2
27 Caryophyllene oxide 1583 0.7
28 Heptadecanoic acid 2069 14
Monoterpene hydrocarbons - 1
Oxygenated monoterpenes - 58.4
Sesquiterpene hydrocarbons - 317
Oxygenated sesquiterpenes - 19
Others - 21
Total identified — 95.1
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Antimicrobial activity

The essentia oil of D. ammoniacum was tested against four Gram-positive
and three Gram-negative bacteria, as well as three fungi. The results of anti-
microbial activity of the essential oil according to the disc diffusion method and
MIC values indicated that the essential oil has moderate to high inhibitory acti-
vity against the tested bacteria, except for two microorganisms, P. aeruginosa
and A. niger (Table Il). The most sensitive microorganisms were B. subtilis, S
epidermidis and S aureus with inhibition zones of 23, 22, 17 mm and MIC
values of 3.75, 3.75 and 7.5 mg ml—1, respectively. Five microbial strains, E. coli,
E. faecalis, K. pneumoniae, S. cerevisiae and C. albicans were found to be less
sensitive to the oil. The obtained results showed that Gram-negative bacteria and
fungi are more tolerant to the antimicrobial activity of the essential oil than
Gram-positive bacteria.

TABLE Il. Antimicrobial activity of the essential oil of D. ammoniacum fruit (values are
given as means + standard deviation)

Standard antibiotics
Essential oil Tetracycline Gentamicin Nystatine
(30ugdisc’)  (10pgdisc’) (30 pgdisc?)
1Z2 MIC° 1Z MIC 1Z MIC 1Z MIC

Microorganism

B. subtilis 23+0.2 375 21+08 3.2 - nt nt nt
E. faecalis 13+0.4 15 9404 6.4 - nt nt nt
S aureus 17¢0.3 75 20£04 3.2 - nt nt nt
S epidermidis 22+0.8 3.75 3408 1.6 - nt nt nt
E. coli 14+0.2 15 - nt 23+t08 3.2 nt nt
K. pneumoniae 12+04 15 - nt 20£08 3.2 nt nt
P. aeruginosa - nt - nt 12+04 6.4 nt nt
A. niger - nt nt nt nt nt 16+04 6.4
C. albicans 10+0.4 >10 nt nt nt nt 18+0.4 3.2
S cerevisiae 11+0.2 >10 nt nt nt nt 18+0.8 1.6

8z0one of inhibition (in mm) includes diameter of the disc (6 mm); Brminimum inhi bitory concentration values as
mg mi~L. (1) inactive; (7-13) moderately active; (> 14) highly active; nt, not tested

CONCLUSIONS

Chemica characterization and antimicrobial screening studies on plant-
based essential oils could lead to the discovery of new natural antimicrobials.
Although the antimicrobial activity of the dichloromethane—-methanol (1:1) ex-
tract of the plant gum was previously studied,’ the present study is the first report
on the antimicrobial activity of the essential oil from the fruits of D. ammonia-
cum. The oil showed promising antimicrobial activity against B. subtilis, S. epi-
dermidis and S. aureus. Ragjani et al. reported that ammoniacum gum extract has
excellent antimicrobial activity.” The present results also indicate that the essen-
tial oil of D. ammoniacum has antimicrobial activity; hence a scientific basis is
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provided for the traditional use of D. ammoniacum for bronchitis, respiratory in-
fections, fever, cold and flu.”

Acknowledgement. We are grateful to the Academic Center for Education, Culture and
Research (ACECR) for financial support of thiswork (Grant No.: 1542-11).
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CACTAB 1 AHTUMHUKPOBHA AKTUBHOCT ETAPCKOTI" VJbA TUIOJA
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Pox Dorema (Apiaceae) y pany npezacTaBiba cejaM BpcTa OUibaka, o1 KOjHX Cy JIBE CHAEM-
cke: D. ammoniacum D. Don. u D. aucheri Boiss. 3penu miogosu D. ammoniacum cy moaBprayTi
JECTHIIAIIMjH BOJICHOM MapoM paju 1o0Hjama eTapcKor yiba Koje je aHammsupano Meronama GC u
GC-MS. UnentuhrKoBaHO je ABageceT JAeBeT cacTojaka koju cy unamii 95,1 % yipa. (Z)-ouume-
HOH (22,3 %) u (E)-ounmenon (18,1 %) cy Gunu riiaBHE cacTojid. N Vitro aHTHMHUKPOOHA aKTHB-
HOCT yJba je TecTHpaHa crpam cefam I pam-nosutuBHuUX U I'pam-HeratuBHux Oaktepuja (Bacillus
subtilis, Enterococcus faecalis, Saphylococcus epidermidis, Staphylococcus aureus, Escherichia
coli, Pseudomonas aeruginosa u Klebsiella pneumoniae) u Tpu risuse (Candida albicans, Saccha-
romyces cerevisiae u Aspergillus niger). Merona audy3suje Ha aucky u MIC BpeanocTs cy mokasa-
1M 12 YJb€ UMa CPeJiEby JI0 BEIUKY aHTUMHKPOOHY aKTHBHOCT, IoceGHO crnipam B. subtilisu S epi-
dermidis, y3 MIC Bpeanoct oz 3,75 mg mi-L,

(MTpumsseno 30. aBrycra, peBuaupano 1. HosemGpa 2010)
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Abstract: The first two complexes of dioxovanadium(V) with salicylaldehyde
thiosemicarbazone (SALTSC), of the coordination formulas [VO,(SALTSC-
—H)]-H,0 (1) and NH,4[VO,(SALTSC-2H] (2), were synthesized and charac-
terized by elemental analysis, conductometric measurements, IR and UV—-Vis
spectroscopy and X-ray analysis. The complexes were obtained in the reaction
of an agueous ammoniacal solution of NH,VO5; and SALTSC. The results of
the characterization showed that SALTSC was coordinated in the usual ONS
tridentate mode as monoanion in complex 1 and dianion in complex 2. In both
complexes, the vanadium atom isin a deformed sgquare-pyramidal environment
and is slightly shifted towards the apical oxo-ligand (= 0.52 A).

Keywords. dioxovanadium(V) complexes; salicylaldehyde thiosemicarbazone;
crystal structure; spectra.

INTRODUCTION

Thiosemicarbazones have been the subject of studies not only for coordi-
nation chemistry reasons, but for pharmacological aswell, due to their good com-
plexing properties and significant biological activity.l Among the most examined
compounds of this group is certainly salicyladehyde thiosemicarbazone (SALTSC)
and its metal complexes.

Usualy, SALTSC is coordinated as a tridentate monoanionic ligand through
the oxygen atom of the deprotonated phenolic OH-group, the azomethine nit-
rogen atom N3 and the thionic sulfur atom. The result of such coordination is the
formation of two metallocycles: a six-membered (salicylidene) and five-mem-

* Corresponding author. E-mail: vukadin.leovac@dh.uns.ac.rs
# Serbian Chemical Society member.
doi: 10.2298/JSC101217078V
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866 VOJINOVIC-JESIC et al.

bered (thiosemicarbazide) (Fig. 1a). Experiments have shown that SALTSC can
also be coordinated as a tridentate dianion (Fig. 1b) after deprotonation of the
thiosemicarbazide residue in its thiol form, which is regulated by the pH value.
Another two coordination modes of this ligand are bidentate through N3 and S1,
by which one 4-membered metallocycle is formed (Fig. 1c)2 and monodentate
through S1.3 Only one exception to this rule is known and that is the complex of
MoOy(VI), in which SALTSC is coordinated as a tridentate ONN ligand, via the
amide N1 atom instead of the usual thionic S1 atom (Fig. 1d).4 This coordination
mode is characteristic for S-alkyl-thiosemicarbazide derivates, i.e. isothiosemi-
carbazides and isothiosemicarbazones.®

O (@)
M——s =4 ~M—s5
N/3 2 & 1 | |\{ ¢
=
H H H
a b
OH 0
7z NH; M—NH
| . / |
N Cé \N¢ \S CéN\N/C%S
H \ / H H
M
C d

Fig. 1. Selected coordination modes of SALTSC.

The syntheses of the complexes [V(SALTSC-H)(SALTSC-2H)],
NH[V (SALTSC-2H)5] and [VO(SALTSC-2H)A] (A = o-phen, &, -dipy) con-
firm that this versatile ligand can stabilize +3 and +4 oxidation states of vana-
dium.6.” The two new complexes of VO,*(V), of the formulas [VOx(SALTSC-
—H)]-H>0 and NH4[V O2(SALTSC-2H)], presented in this paper, certify that the
SALTSC can stabilize the maximum oxidation state of vanadium.

EXPERIMENTAL
Reagents

All chemicals used were commercial products of analytical reagent grade, except for the
ligand salicylaldehyde thiosemicarbazone, which was prepared by the reaction of EtOH solu-
tions of salicylaldehyde and thiosemicarbazide.

Synthesis of the complexes

[VO,(SALTSC-H)] -H,0 (1) and NH4[VO,(SALTSC-2H)] (2). A mixture of NH4V O3
(0.060 g, 0.5 mmol) and SALTSC (0.098 g, 0.5 mmol) was overpoured with 5 cm3 ccNH5
(ag) and heated for 5 min to complete the dissolution. After 12 days of standing at the room

2011 Copyright (CC) SCS



TRANSITION METAL COMPLEXES WITH THIOSEMICARBAZIDE-BASED LIGANDS 867

temperature, the yellow (1) and orange (2) single crystals obtained from the orange solution
were filtered and washed with EtOH. Yield (of the mixture): 0.025 g.

Analytical methods

Elemental analyses (C, H, N and S) of air-dried complexes were realized by standard
micromethods in the Center for Instrumental Analyses, ICTM in Belgrade.

Molar conductivities of freshly prepared H,0 and DMF complex solutions (¢ = 1.0x103
mol dm3) were measured on a Jenway 4010 conductivity meter.

IR spectra were recorded using KBr pellets on a Thermo Nicolet (NEXUS 670 FTIR)
spectrophotometer in the range of 4000-400 cmL.

UV-Vis spectra in DMF solutions were recorded on a T80+ UV/Vis spectrometer PG
Instruments Ltd., in the spectral range of 270-1100 nm.
Sngle crystal X-ray experiment of [ VO,(SALTSC-H)] -H,0 (1) and NH,4[ VO,(SALTSC-2H)] (2)

Single crystals of 1 and 2 were selected and glued on a glass fiber. Diffraction measure-
ments were performed on an Oxford Diffraction Gemini S diffractometer equipped with a
Sapphire CCD detector. The crystal to detector distance was 45 mm, and graphite monochro-
mated MoK a (0.71073 A) radiation was used. The data were reduced using the Oxford Dif-
fraction program CrysAlisPRO. A semi-empirical absorption-correction was applied, and the
data were corrected for Lorentz, polarization, and background effects. The structures were
solved by the direct method using SIR92° and refinement was performed by full-matrix |east-
square methods on F2 using the SHEL X L-97 program.1® All non-H atoms were refined with
anisotropic displacement parameters. The positions of all H atoms were found by inspection
of AF maps. In the final stage of refinement, the H atoms belonging to SALTSC were posi-
tioned geometrically (N-H, 0.86; C-H, 0.93 and 0.97 A for CH and CHj, respectively) and
refined using the riding model with U;g, equal to 1.2 (for NH and CH) and 1.5 (for CHz) Ug
of the parent atoms. Positions of the H atoms corresponding to H,O in complex 1 and NH4* in
2 were refined with restrained N-H and O-H distances (O-H = 0.82; N-H = 0.86 A) with U,
equal to 1.5 Ug, of the parent atoms. The materia for publication was prepared by the
WINGX 1L and PLATON?2 programs. The crystal data and refinement parameters are listed in
Tablel.

TABLE I. Crystal data and refinement parameters for [VO,(SALTSC-H)]-H,0O (1) and
NH4[VO,(SALTSC-2H)] (2)

Empirical formula CgH1oN304SV (1) CgH11N4OsSV (2)

Formula weight 295.19 294.21

Temperature, K 295(2) 295(2)

Wavelength, A 0.71073 0.71073

Crystal system Monoclinic Monoclinic

Space group Cc P2;/c

Unit cell dimensions, A a=7.7751(3) a=14.104(5)
b = 11.2828(5) b = 6.363(5)
c = 12.8995(4) c = 13.829(5)
B=92.254(4)° B=113.169(5)°

Volume, A3 1130.73(8) 1141.0(11)

VA 4 4

De, gcm® 1.734 1.713

Absorption coefficient, #/ mm™ 1.068 1.054

2011 Copyright (CC) SCS

©

OSE)

EY HMC HD



868 VOJINOVIC-JESIC et al.

TABLE I. Continued

F(000) 600 600

Crystal size, mm 05x02x0.1 06x03x0.1
Color/shape Y ellow/prism Orange/prism
Thetarange, ° 3.16-25.00 2.96-25.00
Index ranges—h +h; —k +k; - +| —9+7,-9+13; -15+14 —10 +16; —7 +7; —16 +16
Reflections collected 2307 5554

Unique reflections 1433 (R = 0.0204) 2011 (R = 0.0285)
Reflectionswith | > 261, 1346 1680
Refinement methods Full matrix L. S. on F? Full matrix L. S. on F?
Datalrestraints/parameters 1433/2/162 2011/4/170
Goodness-of-fit on F? 1.045 1.101

Final R indices[F, > 4cF,] R1 =0.0308 R1 =0.0398

R indices (al data)
Extinction coefficient no no
Larg. diff. peak and hole, eA™ 0.26 and —0.21

R1=0.0338, wR2 = 0.0654 R1=0.0519, wR2 = 0.0921

0.36 and -0.23

RESULTS AND DISCUSSION
Synthesis

The ligand, SALTSC, was obtained by the reaction of warm EtOH solutions
of salicylaldehyde with thiosemicarbazide in the mole ratio 1:1. The reaction of
warm ammonia solutions of NH4V O3 and SALTSC in a mole ratio 1:1 resulted
in the formation of two types of complexes. the neutral yellow [VO2(SALTSC-
—H)]-H20 (1) and the monoanionic orange NH4[V O(SALTSC-2H)] (2) (Sche-
me 1). In both complexes, SALTSC is coordinated in its usua ONS tridentate
mode as a monoanion (complex 1), formed by the deprotonation of the phenolic
hydroxyl, and as a dianion (complex 2), formed by further deprotonation of the

thioureido -NH—C(=S)—-NH group.

ST
I | +
I _l O N
P20 HoN
53 r 0 0 1
n ' [ ~ N |
| I R AV~ |
IEiOH in T [ L am
L i | ! 1 | PR
A AN A 2N O |
L ¢ NH,]
OH H H

Scheme 1. Reaction scheme for the synthesis of SALTSC ligand.
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TRANSITION METAL COMPLEXES WITH THIOSEMICARBAZIDE-BASED LIGANDS 869

Magnetic measurements showed that the obtained complexes are diamagne-
tic, which is further evidence of the isolation of V (V) complexes.

Complexes are stable in air, soluble in DMF, and sparingly soluble in MeOH
and EtOH. Unlike complex 1, complex 2 is soluble in water.

Molar conductivity of 1 in DMF indicates its non-electrolytic nature while
the molar conductivity of 2 in both HoO and DMF pointsto 1:1 electrolyte type,
which is in accordance with the coordination formulas.13.14

Since 2 is a strong base, the protonation of the nitrogen atom N2 of the co-
ordinated thiosemicarbazide moiety in agueous solution leads to the formation of
1. The reconversion to the complex 2 can be achieved by deprotonation of the
neutral complex 1 in NH3. A similar reversible reaction was described for the
complex NHy4[V Ox(salhyph)], where salhyph stands for the dianion of the triden-
tate ONO Schiff base derived from salicylaldehyde and benzoic acid hydrazide.1®

The presented reactions involved no essential chemical transformations of
SALTSC. Thisis emphasized here because it is known that the reaction in asimi-
lar environment, i.e., agueous—-ammonia solution of VOSO4 and SALTSC, leads
to the partial decomposition of SALTSC to thiosemicarbazide and salicylal-
dehyde moieties.” Here, salicylaldehyde is condensed with an amide NH>-group
of the undecomposed SALTSC and a square-pyramidal complex of VO2* with in
situ obtained tetradentate O>N»> ligand bis(salicylidene)-thiosemicarbazide is
formed. This leads to the conclusion that, unlike VO2*, VO,* is not a suitable
template center for the mentioned SALTSC transformation.

Analytical and spectral characteristics

[VOL(SALTSC-H)] ‘H20 (1). Andl. Calcd. for CgH1gN3O4SV (FW = 295.19):
C, 32.55; H, 3.41; N, 14.23; S, 10.86 %. Found: C, 32.48; H, 3.30; N, 14.08; S,
10.49 %. FTIR (KBr, cm1): 3154, 1638, 1549, 915, 902, 761. UV-Vis (Anax / M
(log (& / mol-1 dm3 cmL)): 276 (4.20), 307sh (4.11), 336 (3.53), 350sh (3.08),
382 (3.28) (sh-shoulder). Ay (DMF, 1.0x10-3 mol dm3): 9.5 S cm?2 mol-1.

NH4[ VOL(SALTSC—2H)] (2). Anal. Calcd. for CgH11N4OsSV (FW = 294.20):
C, 32.66; H, 3.77; N, 19.04; S, 10.90 %. Found: C, 32.48; H, 3.66; N, 18.83; S,
10.69 %. FTIR (KBr, cm1): 3144, 1620, 1550, 915, 890, 767. UV-Vis (Amax / M
(log (¢ / mol=1 dm3 cm1)): 275bp (4.15), 320sh (3.28), 384 (3.73) (bp-broad
peak). Am (H20, 1.0x10-3 mol dm3): 99 S cm? mol—21. 4y (DMF, 1.0x10-3 mol
dm3): 47 S cm?2 mol-1,

IR spectra

X-Ray andysis of the obtained complexes (vide infra) showed that the SALTSC
was coordinated in the usual way,8 i.e., via the phenolic group oxygen, azome-
thine nitrogen and sulfur atom of the thionic (complex 1) or thiolic (complex 2)
group. This mode of coordination was confirmed by the IR spectra.
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870 VOJINOVIC-JESIC et al.

In the IR spectrum of SALTSC, the characteristic v(OH) band is observed at
3444 cmrL, The absence of this band in the IR spectra of the complexes indicates
the coordination through the phenolic oxygen O1. Additional evidence of O1
coordination is the positive shift of the v(C-O) band (=10 cm1) in the IR spectra
of the complexes, compared to the IR spectrum of the ligand.16

The IR band v(CH=N) appearing at 1616 cm1 in the free ligand spectrum is
shifted towards higher wavenumbers in the spectra of the complexes (1638 and
1620 cm1, respectively) due to the involvement of the azomethine nitrogen in
coordination.16-22

Unlike aforementioned bands, the v(C=S) band is shifted to the lower energy
region in the IR spectra of both complexes (761 and 767 cm1) in comparison to
the IR spectrum of the free SALTSC (777 cm1).17

The strong band at 3170 cm can be attributed to v(N2-H) vibrations. In
free SALTSC, the N2 isinvolved in a H-bond with the sulfur atom of an adjacent
molecule,22 but in the complexes this bond disappears as a consequence of sulfur
atom coordination. However, in the structure of complex 1, instead of the N2—
—H---S1, an H-bond with O4 is formed. Since the H-bond with oxygen is stronger
than with the sulfur atom, v(N2H) is found to undergo a downfield shift after
complexation.

Very strong bands observed in the region characteristic for the cis-VOo group,
i.e,, 915 and 902 cm1 in 1 and 915 and 890 cmL in 2, arise from veymyasym(VO2")
vibrations.23.24

Electronic spectra

In the available spectral range in DMF (270-1100 nm), the two complexes
absorbed only at wavelengths up to 450 nm. The spectral characteristics resemble
those reported previously for iron(ll1) complexes with the same deprotonated
ligand forms in this solvent.25.26 Generally, the absorptions at A < 350 nm appear
as unresolved bands resulting from the intraligand transitions (t—n* and n—n*).
Similarly to the mentioned Fe(lll) and other previously reported VOo* com-
plexes with pyridoxa thiosemicarbazone derivatives,23 the band registered at
higher 4 (=380 nm) is attributable to ligand-to-metal charge-transfer (LMCT)
complex. As expected, no d—d interactions could be observed in the visible spec-
tral range.

Crystal structure of [ VO2(SALTSC—H)] -H20 (1) and NH4[ VO(SALTSC-2H)] (2)

Molecular structures of the obtained complexes are shown in Figs. 2 and 3,
respectively, and selected bond distances and angles for the complexes and free
ligand are given in Table Il. The asymmetric unit of 1 contains the neutral com-
plex molecule and one water molecule involved in H-bonding with the complex
molecule. The complex molecule consists of a tridentate monodeprotonated li-
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TRANSITION METAL COMPLEXES WITH THIOSEMICARBAZIDE-BASED LIGANDS 871

gand, chelating the VO,™. In the asymmetric unit of 2, there are the complex an-
ion and the NH4*, which are linked by a dominant electrostatic interaction and a
moderate H-bond.

Fig. 2. Molecular structure of
[VO,(SALTSC-H)]-H,0 (1).

Fig. 3. Molecular structure of
NH4[VO,(SaTSC-2H)] (2).

In both complexes, tridentate coordination of the SALTSC results in a squa-
re—pyramidal configuration usual for VOo*-complexes with one oxo-ligand in the
basal plane and the other in the apical position. It is interesting to notice that the
vanadium atom isin an almost ideal square-pyramidal environment (z = 0.052) in
2, unlike the vanadium atom in 1, in which the square-pyramidal environment is
significantly distorted. The vanadium atom is shifted from the basa O1-N3-
—S1-02 plane towards the apical oxo-ligand in both complexes (= 0.52 A). The
VO,-group is in the cis-configuration with the usual value of the O-V—-O angle23
(2108.2(2) in 1 and 108.7(1)° in 2). As mentioned above, the SALTSC is coordi-
nated in a common tridentate ONS mode, which results in the formation of two
metallocycles: one six-membered (B, salycilidene) and one five-membered (C,
thiosemicarbazide). In 1, the SALTSC is coordinated as a monoanion formed by
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872 VOJINOVIC-JESIC et al.

deprotonation of the phenolic OH-group. However, in 2, a further deprotonation
of the thiolic group occurs, resulting in a dianion of the ligand.

TABLE I1. Selected bond distances and bond angles for [VO,(SALTSC-H)]-H,0 (1),
NH4[VO,(SALTSC-2H)] (2) and SALTSC

Bond - Distance, A 5 SALTSC
V—O1 1.895(2) 1.906(2) -
V-N3 2.217(4) 2.186(3) -
V-S1 2.383(1) 2.358(2) -
V-02 1.626(3) 1.639(3) -
V-03 1.629(3) 1.631(2) _
01-C8 1.336(5) 1.340(4) 1.356(3)
C2-N3 1.287(5) 1.296(4) 1.276(3)
N3-N2 1.382(5) 1.394(4) 1.380(4)
C1-N2 1.319(5) 1.300(4) 1.346(4)
C1-N1 1.304(5) 1.350(5) 1.317(4)
C1-S1 1.717(4) 1.734(3) 1.689(4)
Angle, °
1 2
03V_02 108.3(2) 108.7(1) -
01-V-S1 139.32(9) 149.44(8) -
N3-V-02 155.6(1) 146.3(1) -
01-V-02 98.5(1) 95.6(1) -
02-V-S1 88.2(1) 87.63(9) -
S1-V-N3 76.99(9) 77.30(7) -
N3-V-O1 81.2(1) 83.6(1) -

Based on a previously known crystal structure of the free ligand2” and two
new structures of its complexes with VO>* presented in this paper, it is possible
to make comparative analysis of the corresponding geometric parameters. In neu-
tral, uncoordinated SALTSC, the thiocarbonylic sulfur atom isin atrans-position
with respect to the other two ligators N3 and OL1. In the complexation reaction,
rotation around the C1-N2 bond brings al the ligators into cis-positions that are
maintained in the complexes.

The chelate ligand donors—vanadium bond distances V-0O1, V-N3 and V-S1
in 1 are 1.895(2), 2.217(4) and 2.383(1) A and in 2 1.906(2), 2.186(3) and
2.358(2), respectively. In 1, the V-N3 bond is dightly longer compared to the
same bond in 2, probably because of the stronger trans-influence of the O2 oxy-
gen, which in this complex is placed at a shorter distance from the vanadium atom.
It is noticeable that the V-S1 bond is shorter in 2 than in 1, which is in accor-
dance with better electron-donor properties of the thiol compared to the thione
sulfur atom. The two oxo-ligands are at the almost same distance from the vana-
dium atom in 1, unlike the complex 2 in which apical oxo-ligand O2 forms a
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TRANSITION METAL COMPLEXES WITH THIOSEMICARBAZIDE-BASED LIGANDS 873

shorter bond with vanadium atom than the basal oxygen O3. Since the thiosemi-
carbazide residue isin its thiolate form, both oxo-ligands in 2 are further from the
vanadium atom than in 1.

The average V=0 distances 1.627 A in 1 and 1.635 A in 2, being slightly
longer than the normal V=0 double bond length of 1.595 A, indicate that the
oxygens are involved in moderate hydrogen-bonding interactions.24

The C2-N3 and N3-N2 bond distances have the values of localized double
and single bond, respectively, in both complexes and in the free ligand as well.
However, the slight elongation of these bonds in the complexes is a consequence
of the involvement of the nitrogen N3 in the coordination. The other two C—N
bonds, i.e., C1-N1 and C1-N2, in the complexes are, due to the delocalization,
shorter than aformal single, but longer than aformal double bond.2

It is aso worth mentioning that the C1-N1 bond in free SALTSC is shorter
(1.317(4) A) than in the complexes, especialy in 2. Thisis evidence of the effect
of the sulfur atom on the movement of electron density towards the metal atom.
The shortening of the C1-N2 bond in 2 compared to the bond length in 1 can be
explained by the deprotonation of the nitrogen atom N2, as well as by the invol-
vement of an additional electron in the delocalization.

As expected, it was found that the thioketo C1-S1 bond in 1 is longer than
the same bond in the free ligand, due to the coordination effect. In 2, the in-
creased single-bond character expected in the deprotonated form of the thiourei-
do group makes this bond even longer. A similar elongation trend of the C1-S1
bond was found in some other structures containing the thioketoureido frag-
ment.28 In both complexes, the C8-O1 bond is shorter than the single C(sp?)-O
bond found in the free ligand (1.356(3) A). Namely, the oxygen atom O1 is de-
ficient in electron density as a consequence of the coordination, and the n-elec-
tron cloud is shifted from the benzene ring towards the oxygen O1. This process
resultsin contraction of the C8-O1 bond.

As expected, the whole ligand molecule, which possesses an extended sys-
tem of conjugated double bonds, in 1 is planar (the maximum distance of the
mean plane 0.110 A for the N3). Hence, the five-membered chelate ring (C) has
an envelope conformation (E1) and the six-membered (B) is in the conformation
close to a half-chair. In 2, the ligand is distorted and twisted along the C2—C3
bond with a torsion angle C8/C2/C3/N2 of —10.4°, and, as a result, the C ring
becomes planar, but the B ring remains in the conformation close to a half-chair.
These conformations of the B and C rings result in a decreased difference bet-
ween the trans-basal angles and, therefore, in a decreased value of the z-para
meter with respect to 1.

The crystal lattice of both complexes is stabilized by an inter- and intramo-
lecular hydrogen-bond network. The H-bond parameters are given in Tables 1|
and 1V.
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In the asymmetric unit of 1, the complex molecule is linked by the moderate
H-bond29 N2-H2N---O4 to water, and in 2, by the moderate H-bond N4—
—H4B---O3 formed between the complex anion and NH4*.

TABLE Il1. Hydrogen-bonding geometry in [VO,(SALTSC—H)]-H,O (1); equivalent posi-
tions: i) x+1/2, —y+3/2, z-1/2; ii) x+1/2, y-1/2, z, iii) x+1/2, —y+3/2, z-1/2; V) X, —~y+2, z-1/2

Distance, A o
D—H-A D-A H-A D-H--Aangle,
N2—H2N--O4 2.653(5) 1.79 1791
N1-H1A--02 3.043(5) 2.24 155.8
N1-H1B--03' 2.917(5) 2.12 153.7
04-HW1--01" 2.820(5) 2.01(7) 166(6)
O4-HW?2.-03" 2.698(5) 1.86(9) 163(8)

TABLE IV. Hydrogen-bonding geometry in NH4[VO5(SALTSC-2H)] (2); equivaent posi-
tions: i) —x+2, —y+1, —z+2; ii) —x+1, -y, —z+2; iii) —x+1, y=1/2, —=z+3/2; iv) X, —1+y, Z

Distance, A .
DH-A D-A H-A D-H--Aangle,
N4-H4B--03 2.850(4) 2.0003) 169(4)
N1-H1A--N2 3.050(4) 2.30 146.4
N4-H4A 01" 3.028(4) 217(3) 173(4)
N4-H4C--02" 2.866(4) 2.04(3) 158(3)
N4-H4D--03" 2.904(4) 2.01(3) 175(4)

The packing of the structura unitsin 1 is shown in Fig. 4, from which it can
be seen that the complex molecules form C-layers that are parallel to the ab plane

Fig. 4. Crystal packing dia-
gram of complex 1 viewed
perpendicular to the bc pla

ne.

2011 Copyright (CC) SCS

olcle

#  EY HC HD



TRANSITION METAL COMPLEXES WITH THIOSEMICARBAZIDE-BASED LIGANDS 875

a thelevelsc=0,c=12and c = 1. At thelevelsc = 1/4 and c = 3/4, water mo-
lecules form a W-layer, with one apical oxo-ligand between two water molecu-
les. Within one C-layer, there is the N1-H1B---O3 H-bond, linking the molecules
and another H-bond, N1-H1B---O3, which ties in the adjacent C-layers. Three
moderate H-bonds, i.e., N2-H2N---04, O4-HW1.--O1 and O4-HW?2---03, asso-
ciate the W-layer with the neighboring C-layers.

The packing of the structura unitsin 2 is shown in Fig. 5. C-double layers
are formed by the complex anions placed in the bc plane at the levels a = 0 and
a = 1linked by the N1-H1A--N2 H-bond. The NH4* ions form A-layers parallel
to the bc plane at a = 1/2. Between the C-double-layers and the A-layers, there
are moderate H-bonds, i.e., N4-H4B---03, N4-H4A ---01, N4-H4C---O2 and N4—
—HA4D---03. A similar layered structure was reported for the abovementioned
complex NH4[V O2(sa hyph)].1®

Fig. 5. Crystal packing diagram of complex 2 viewed perpendicular to the ac plane.

Crystallographic data reported for the complex [VOo(SALTSC-H)]-H>O
and NH4[VOo(SALTSC-2H)] have been deposited under the CCDC Nos.
CCDC-801721 and 801722. Copies of the data can be obtained free of
charge via www.ccdc.cam.ac.uk (or from the Cambridge Crystallographic
Data Centre, 12, Union Road, Cambridge, CB2 1EZ, UK; fax: +44 1223
336033; or deposit@ccdc.cam.ac.uk).
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M3BOJ

KOMIUIEKCH ITPEJIABHUX METAJIA CA JIMTAHAVMA HA BA3U
TUOCEMUKAPBA3SUA. IEO 58. CUHTE3A, CIIEKTPAJIHA 1 CTPYKTYPHA
KAPAKTEPU3ALIUJA KOMIUJIEKCA IMOKCOBAHAIMIYMA(V) CA
TUOCEMUKAPBA30HOM CAJIMIIWIIAJIAEXUJIA

JBUJbAHA C. BOJMHOBUR-JEIINR, BYKAJZIMH M. JIEOBAILL, MUPJAHA M. JIAJJOBUR, BAJIEPUJA H.
YEIUBEBUR, JIMJBAHA C. JOBAHOBU'R, MAPKO B. POAWH n BIAIUMUP JUBJAKOBUR

Prirodno—matemati~ki fakultet, Univerztet u Novom Sadu, Trg D. Obradovi}a 3, 21000 Novi Sad

OrmucaHe cy CHHTe3¢ M CTPYKType IpBa ABa KOMIUIEKca auokcoBanamujyma(V) ca TpuaeH-

tatiuM ONS tHOCcemukap6azoHom caymumnangexuaa (SALTSC), dopmyna [VO,(SALTSC-
—H)]-Ho0 (1) u NH4[VO,(SALTSC-2H)] (2). Kommieken cy noOHjeHH Kao cMmelia KpucTana y
peakuju BogeHo-amoHHjauHOr pactBopa NH4VO3 m SALTSC. Kommekcu cy okapakTepucaHH
€JIEMEHTAITHOM M PEHATEeHO-CTPYKTYPHOM aHAJM30M, KOHAYKTOMETPHjCKUM Mepewmuma, |IR- n UV—
—-Vis criektprMa. PeHIreHo-CTpYKTypHa aHaI|3a je mokasana Ja Komiuieke 1 nma nedopmucany, a
KOMILIEKC 2 CKOPO MAEAJIHYy KBaJpAaTHO-MUPAMHUAAIHY I'€OMETPHjy Ca aTOMOM BaHaJWjyMa IoMe-
PEHHM Ka alMKaTHOM OKCO-THTaHy 3a oko 0,52 A.
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Abstract: In the present study, first, the intramolecular proton transfer (1PT)
process of juglone and its derivatives were theoretically investigated in the gas
phase and the effect of electron-withdrawing and electron-releasing substi-
tuentsin different positions of the phenyl and benzoquinone rings of juglone on
the IPT process was studied in which the geometries, energies and thermody-
namic functions of the compounds were obtained using density functional
theory (DFT) calculations at the B3LY P/6-31+G(2d,p) level. Next, the influ-
ence of IPT on changing the aromaticity of the phenyl and benzoquinone rings
was investigated. To determine the aromaticity of the rings, nuclear indepen-
dent chemical shift (NICS) values were caculated for the ground state and
transition state structures (GS;, TS and GS,) using the continues set of gauge
transformations (CSGT) procedure at the B3LY P/6-311+G(2d,p) level.

Keywords: juglone; NICS; aromaticity; intramolecular proton transfer; DFT.

INTRODUCTION

1,4-Naphthoquinones are widely distributed in plants, fungi and some ani-
mals! and many are found to exhibit an interesting range of pharmacological pro-
perties, including antibacterial, 23 antimicrobial 4 antiviral,> trypanocidal,8 anti-
cancer,’” antimalarial,8° and antifungal10 activities, especially when a hydroxyl
group is present at the C5 position.1! Juglone is a quinone produced in the roots,
leaves and bark of walnut trees.12.13 |t contains an intramolecular hydrogen bond
(IAHB) between hydroxyl and keto groups. The IAHB can be formed between
donor and acceptor groups of the same molecule when the molecular configu-

* Corresponding author. E-mail: e_fereyduni @yahoo.com
doi: 10.2298/JSC100930080V
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880 VESSALLY etal.

ration and conformation bring them within hydrogen bond geometry. Studies on
IAHB became increasingly popular in the past4.15 and hydrogen bonding com-
plexes have been extensively studied with a wide range of experimental tech-
niques and calculations.16:17 One of the most significant structures capable of
bearing hydrogen bond is the O—H---O unit which is studied in this paper. Some-
times, an IAHB decisively influences the stability of molecular conformations
and favors tautomerization via an intramolecular proton transfer (IPT) process. In
juglone as well, a hydrogen atom can transfer from hydroxyl to a keto group via
the IPT process. |PT reactions are among the most important processes that occur
in chemistry and biology.18:19 Juglone is a natural ligand and many complexes
can be formed via IPT reactions. Therefore juglone and its analogues can act as
absorbent or carrier of metal ions and amino acids in biologic systems. Substi-
tuent effects are among the most important concepts of structural effects influ-
encing the chemical, physico-chemical, and biochemical properties of chemical
species.20

Juglone is an aromatic organic compound and aromaticity is one of the most
characteristic phenomena associated strongly with a cyclic n-electron delocali-
zation.20 Aromaticity fundamentally characterizes the molecular structure, phy-
sical properties and chemical reactivity from both thermodynamic and Kinetic
standpoints,21.22 which is used as a powerful predictive tool for compounds
which had not been prepared previously. Aromaticity seems to be significant in
any logical application of organic chemistry. However, a more detailed investi-
gation of aromatic molecules requires a quantitative estimation of the degree of
aromaticity of cyclic conjugated systems. There are severa criteria used fre-
guently for a compound to be considered aromatic, i.e., stability of cyclic n-sys
tem, near planarity, bond length equalization, delocalized n-electrons satisfying
the Hickel (4n+2) electron counting rule and unusual magnetic properties, such
as magnetic susceptibilities.2324 n-Electron delocalization, is a concept that co-
vers various structural situations, is a fundamental concept in the definition of
aromaticity.20 Aromaticity is a quantity which cannot be directly measured.
Therefore, its magnitude is evaluated in terms of afew criteria, such as structural,
energetic and magnetic ones. However, magnetic properties have the closest rela
tionship to aromaticity, since they are directly dependent on the induced ring cur-
rents associated with cyclic electron delocalization. There are several methods for
evaluating the magnetic aromaticity,2>26 such as NMR,27-29 exaltation of mag-
netic susceptibilities, 231 nucleus independent chemical shifts (NICS),26:32-34
ring current density plots,35-37 and aromatic ring current shieldings (ARCS).38
NICS which was proposed by Schleyer et al.,32 was found to be an easy com-
puted and generally applicable criterion and has been widely used to evaluate the
aromaticity and anti-aromaticity of rings,3940 clusters,4142 transition states, 4344
and transition metal complexes.#°
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Some new theoretical46:47 and experimental 4849 studies have been made on
juglone. In the present work, atheoretical study of the IPT process of juglone and
its derivatives was realized. Several derivatives of juglone were supposed by pla-
cing electron-withdrawing (EW) and electron-releasing (ER) substituents at dif-
ferent positions of phenyl and benzoquinone rings and the effect of substituents
on the IPT process was investigated. Next, the influence of IPT on the change of
the aromaticity of the phenyl and benzoquinone rings was investigated using
magnetic aromaticity indices.

COMPUTATIONAL DETAILS

Density functional theory (DFT) calculation of juglone and its derivatives was conducted
in which geometries, energies and thermodynamic functions AG®, AH® and SP,qg values for
al structures were calculated at the B3LY P/6-31+G (2d,p) level. The intramolecular proton
transfer (IPT) process was performed by ADDREDUNDANT keyword by scanning a proton
at the B3LY P/6-31+G (2d,p) level to reach a final optimization. QST2 keyword was used to
investigate the transition state structures between the primitive (GS,) and final (GS,) struc-
tures. The magnetic shielding at the center of aring system was determined by calculating the
chemical shift of “ghost” atoms. By convention, the NICS value is the negative of computed
isotropic shielding value. Large negative values indicate aromaticity while large positive va-
lues represent anti-aromaticity, and near-zero values introduce non-aromaticity. To obtain a
measure of the aromaticity in juglone rings, NICS values were calculated at two points as
illustrated in Fig. 1.

NICS calculations were performed at 1 A above the centre of the o~ and Brings for all
systems at the B3LY P/6-311+G (2d,p) level and NMR shielding tensors were computed with
the continuous set of gauge transformations (CSGT) method. All computations were realized
using the Gaussian 98W program package.®C Data in this article extracted among more than
300 Gaussian program output files.

RESULTS AND DISCUSSION
Geometries and barrier energies

All structures (MM and JG1-JG20) included in this study are shown in Fig.
2. Taking juglone MM as the mother molecule, the other structures (JG1-JG20)
can be obtained by placing -OMe, —Br, —Cl and —NO» substituents at different
ring positions of MM. The geometry calculations showed al frameworks are
amost planar structures. The average bond lengths and bond angles of MM and
its analogues related to the six-membered ring which formed via IPT are given in
Table |. The length of the H-bond in the ground state (GS;) is up to 2 A; there-
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fore, strong hydrogen bonds exist in @l MM derivatives. During the IPT process,
the average interatomic distance between the donor oxygen (O5) and H6 in-
creased while the distance between the acceptor oxygen (O1) and H6 decreased.
In addition, the O1-C2 and C3-C4 bonds lengthened, whereas the C2—-C3 and
C4-05 bonds shortened (Table ).

1 Hs
o 6o
R4 3 Rs
Ry Ry
(0] R3
Substituents Species
R2:R3:R4:R5: H, R1: H MM
NO, JG1
Cl JG6
Br JG11
OMe  JGI16
R1:R3:R4:R5: H, Rzz H MM
NO, JG2
Cl JG7
Br JG12
OMe JG17
R1:R2=R4:R5: H, R3: H MM
NO, JG3
Cl JG8
Br JG13
OMe JGI8
R1=R2=R3:R5: H R4: H MM
NO, JG4
Cl JGI
Br JG14
OMe  JGI19
Ri=R,=R;=Rs=H, Rs= H MM
NO, JG5
Cl JG10 Fig. 2. Juglone and its derivatives studied in
Br JG15 this work, together with the atom num-

OMe  JG20 pering.

In continuation, the IPT of juglone and its derivatives was studied to understand
the effect of the location of ER and EW subgtituents on the IPT process. Since
juglone and its derivatives are analogous, their reaction paths are similar. The
values of the energy and some thermodynamic functions related to the GSg, TS
and GS; structures are filed in Table Il. The barrier energies (Erq, kcal mol-1)*

*kJ = 4.1868 kcal
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of the IPT of the phenolic hydrogen to the carbonyl group for al structures (MM
and JG1-JG20) are depicted in Fig. 3. Some substituents at particular positions
facilitate the IPT process (when the E;g value is less than that of mother mole-
cule MM); however, some others make the progress of the process more arduous
(having an E;g value greater than that of MM). Two ways are suggested to inter-
pret the effect of substituents on the IPT:

i) locating a particular substituent in different positions (R1 to Rs) and its
effect on the barrier energy; as an example, on placing -NO> at R1 to Rs, the ac-
tivation barriers (Erg) of the IPT increase in the order of R3 (17.69 kcal mol-1) <
< R4 (19.08 kcal mol-1) < R, (19.33 kcal mol—1) < Rs (20.75 kcal mol—1) < Ry
(22.63 kcal mol—1). According to the Erg of MM (18.28 kcal mol—1), it can be
concluded that substituting a nitro group at the Rz position facilitates the IPT,
while placing it at the other positions, especialy at Ry, impedes the reaction. The
large effects of substituents at R; and Rg on proton transfer could be related to
these substituents neighboring the IPT center, which increases the sensitivity of
the IPT to substituents at R1 and Rs. The influence of substituents located at the
other positions can be easily understood according to Fig. 3.

TABLE I. Average bond lengths (A) and bond angles (degree) in juglone and its derivatives,
shownin Fig. 2

State
Bond GS, TS GS,
Bond length, r / A
01-C2 1.117 1.259 1.285
Cc2-C3 1.476 1.230 1.370
C3-C4 1.395 1.421 1.457
C4-05 1.322 1.258 1.222
O5-H6 0.956 1.290 1.490
H6-0O1 1.421 1.175 1.406
Bond angle, 8/ °
01-C2-C3 102.2 104.6 122.9
C2-C3-C4 122.9 120.3 120.5
C3-C4-C5 120.0 116.5 123.2
C4-O5-H6 123.7 120.1 104.7
0O5-H6-01 140.7 155.3 156.9

TABLE Il. Total energies (Hartreg), activation barrier energies (E,y / kcal mol-1), zero-point
vibrational energies (ZPVE / kcal mol'l), AG®, AH® and S°,gg calculated at the B3LY P/6-
-31+G(2d,p) level for al structures shownin Fig. 2

SpeCI es State B3LY P/6-31+G(2d,p) Ea ZPVE Gezgg - Geo Hezgg - Heo 59298

MM GS, —606.8297 (0.00) 93.384 -0.0345 0.0098  93.347
TS —606.8006 (18.28) 90.326 —0.0340 0.0093  91.200
GS; —606.8049 (15.55) 88.072 -0.0332 0.0089  88.575
GS, —810.3016 (0.00) 95525 —0.0385 0.0114 106.873
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TABLE Il. Continued
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Species  State  B3LYP/6-31+G(2d,p) Ea ZPVE G®98 — G H®og5 —H®y SPogg
JG1 TS —810.2655 (22.63) 92.442 -0.0380 0.0109 104.989
GS; —810.2703 (19.66) 95.360 —0.0385 0.0114 106.929
GS, —810.2975 (0.00) 95504 -0.0386 0.0114 107.313
JG2 TS —810.2667 (19.33) 92442 -0.0381 0.0111 105.133
GS; —810.2728 (15.50) 95.360 —0.0384 0.0114 106.998
GS, —810.2967 (0.00) 95.468 —0.0383 0.0114 106.487
JG3 TS —810.2685 (17.69) 92.454 -0.0378 0.0108 104.469
GS; —810.2724 (15.25) 95.289 —0.0385 0.0114 107.021
GS, —810.3101 (0.00) 95.481 -0.0388 0.0114 107.684
JG4 TS —810.2797 (19.08) 92.463 —0.0385 0.0016  106.107
GS; —810.2842 (16.25) 95.289 -0.0128 0.0375 108.042
GS, —810.3016 (0.00) 95525 —-0.0385 0.0630 106.874
JG5 TS —810.2685 (20.75) 92.457 -0.0380 0.0118 104.948
GS; -810.2784 (14.54) 95.447 —0.0384 0.0123 106.742
GS, —1065.7223 (0.00) 87.038 -0.0365 0.0110 100.155
JG6 TS —1065.6919 (19.07) 83.975 -0.0360 0.0105  97.950
GS; —1065.6959 (16.57) 82.616 —0.0351 0.0100  95.138
GS, —1065.7229 (0.00) 87.048 -0.0386 0.0110 100.147
JG7 TS -1065.6934 (18.48) 83.968 —0.0381 0.0105  97.950
GS; —1065.6982 (15.49) 82561 —0.0384 0.0100  95.138
GS, —1065.7134 (0.00) 86.806 -0.0371 0.0111 101.594
JG8 TS —1065.6875 (16.25) 83.819 -0.0362 0.0106  98.512
GS; —1065.6917 (13.64) 83.448 -0.0350 0.0996  94.832
GS, —1065.7266 (0.00) 86.896 —0.0365 0.0110 100.130
JG9 TS -1065.6979 (18.00) 83.847 —0.0392 0.0105 98.018
GS; —1065.7026 (15.06) 82549 -0.0362 0.0100  95.293
GS, —1065.7226 (0.00) 86.988 -0.0364 0.0110  99.969
JG10 TS —1065.6946 (17.57) 83.954 —0.0360 0.0037  97.936
GS; —1065.6993 (14.62) 82.952 -0.0416 0.0105  95.398
GS, —3176.3125 (0.00) 86.710 -0.0376 0.0112 102.679
JG11 TS -3176.2823 (18.96) 83.662 —0.0370 0.0107  100.468
GS; —3176.2861 (16.55) 86.577 —0.0374 0.0112 102.264
GS, -3176.3127 (0.00) 86.713 -0.0376 0.0112 102.679
JG12 TS —3176.2834 (18.41) 83.631 -0.0370 0.0104 100.482
GS; —3176.2881 (15.44) 86.633 —0.0375 0.0112 102.396
GS, —3176.3033 (0.00) 86.556 0.0382 0.0113 104.282
JG13 TS -3176.2774 (16.26) 83.566 —0.0372 0.0108 101.041
GS; -3176.2814 (13.73) 86.482 -0.0377 0.0112 102977
GS, —3176.3160 (0.00) 86.546 -0.0376 0.0113 102.822
JG14 TS —3176.2871 (18.14) 83.484 -0.0371 0.0108 100.691
GS; —3176.2918 (15.21) 86.498 -0.0375 0.0112 102.621
GS, —3176.3131 (0.00) 86.699 -0.0375 0.0112 102.544
JG15 TS —3176.2852 (17.49) 83.654 -0.0370 0.0108  100.527
GS; —3176.2898 (14.62) 86.659 —0.0375 0.0112 102.404
GS, —720.7170 (0.00) 115.329 -0.0382 0.0125 106.998
JG16 TS —720.6871 (18.73) 112.257 —0.0376 0.0120 104.675
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Species State B3LYP/6-31+G(2d,p) Ea ZPVE G®y05— G®)H® 95 —H®) SP50g
JG16 GS, —720.6911 (16.23) 110.680 -0.0354 0.0107  97.187
GS, —720.7225 (0.00) 115.700 -0.0377 0.0113 105.259
JG17 TS —720.6949 (17.31) 112.601 -0.0370 0.0108 103.064
GS, —720.6980 (15.34) 110.945 -0.0353 0.0096  96.767
GS, —720.7076 (0.00) 115.163 -0.0380 0.0125 106.399
JG18 TS —720.6809 (16.78) 112.129 -0.0375 0.0120 104.319
GS, —720.6861 (13.47) 110.968 —0.0350 0.0107  96.803
GS; —720.7230 (0.00) 115.483 -0.0378 0.0124 105.630
JG19 TS —720.6937 (18.43) 112.359 -0.0374 0.0119 103.956
GS, —720.6972 (16.21) 110.554 -0.0354 0.0107 97.141
GS, —720.7142 (0.00) 115.567 -0.0377 0.0123 105.530
JG20 TS —720.6862 (17.53) 112.530 -0.0372 0.0118 103.237
GS, —720.6924 (13.68) 115.615 -0.0160 0.0122  105.064
23 _H
o 0
B Gl R, by gl I
.. 0TS Ry
21
® IGs
- 1
=
£
— A J
-] .
19 o 308 m G1I
E H JGI6
e A JGT IG1 g
= ¢ MM ® NN ‘ MM * A
IG3 ® JIGI0 ® JICIS ® JG2
A G17
17
JGIS

15

NO,

o

Cl Bi
Substituent :

JGR JG13

OMe

Fig. 3. The barrier energies (E,y / kcal mol-?) for the IPT of MM and the JG1-JG20
analogues included in this study. (R, = square sign, R, = triangle sign, Rz = multiplication
sign, Ry = star sign, Rs = circle sign. MM showed by rhombic sign).
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886 VESSALLY etal.

ii) Placing different substituents at a particular position and their influence
on the barrier energy; For instance, locating the above-mentioned groups at the
Rs position indicated that -OMe, —Br and —Cl groups have promoting effects on
the IPT whereas -NO> has retarding effects on the reaction. The strong conju-
gation of the -NO> group with the aromatic ring with respect to other substi-
tuents leads the | PT reaction being hindered. In addition, substituting Ry with any
group encumbers the IPT since MM has a lower E;g value than al the R1-sub-
stituted compounds (Erg: MM < JG16 < JG11 < JG6 < JG1). The highest rela-
tive barrier energy for the -NO» group at JG1 may be attributed to the repulsion
energy between the non-bonding electrons on the oxygen atoms of the -NO» sub-
stituent and the —OH group, which is greater than the repulsion energy between
the -NO» substituent and the —CO group. By the same interpretation, substituting
R3 with any group facilitates the IPT.

Effect of the IPT on the NICSvalue of the rings

Perturbation of the w-electron density distribution depends on the electronic
properties of the substituents and can be studied using NICS values. Hence, NICS
values for the GSy, TS and GS; structures of all MM derivatives were calculated
and are given in Table I11, from which, it can be clearly seen that al structuresin
GS; have negative NICS values in the #ring due to the aromaticity of this ring
and have positive ones in the o~ring because of the localized quinone ring. Fur-
thermore, by comparing the NICS values of the GS; and GS, structures, it was

TABLE I1l. NICY1) values (ppm) obtained using the CSGT procedure at the B3LYP/6-
-311+G(2d,p) level for the ground states and transition state structures of each species

Position
. Rl Rz R3 R4 R5
Substituent  State Ring
a B o B o B a B o B
-H GS, 20 -80 20 80 20 80 20 -80 20 -80

TS 15 51 15 51 15 51 15 51 15 51
GS, 11 23 11 23 11 23 11 23 11 23
NGO, GS, 16 80 17 -79 07 80 17 -85 18 81
TS 06 47 16 52 05 59 15 59 15 55
GS; 03 =23 05 22 04 31 10 -33 08 30
—Cl GS, 20 82 19 79 15 -r8 20 77 19 81
TS 14 52 17 52 08 51 16 -51 16 52
GS, 08 23 09 23 06 =29 12 =27 10 =25
-Br GS, 17 82 18 79 18 -79 16 -78 13 81
TS 14 52 17 50 15 51 17 50 16 52
GS; 04 25 10 23 08 25 05 -34 00 -28
—-OMe GS, 17 80 20 —-79 30 81 17 74 20 77
TS 16 52 19 55 11 53 09 48 13 50
GS, 09 23 14 29 01 -19 19 48 06 20
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INTRAMOLECULAR PROTON TRANSFER IN JUGLONE 887

found that during IPT from the # to the e~ring, the aromatic properties and the
n-electron delocalization in Aring decreased, whereas the n-electron delocali-
zation in the o-ring increased for al MM analogues (Table I1l and Fig. 4). In
continuation, the changing rate of the aromatic properties and the n-electron delo-
calization due to placing substituents at different positions on the rings were
studied. Thus the, NICS value of the initial state (GS;) was subtracted from that
of the fina state (GSp), i.e., A(NICS) = NICSGsp) — NICSGsy). Andysis of the
A(NICS) values for the a-ring showed that highest and lowest rates of increase in
n-electron delocalization in this ring were with —-OMe at the R3 (2.9 ppm) and Rg
(0.2 ppm) positions, respectively. The same analysis for the fring indicated that
maximum and minimum rates of decrease in n-electron delocalization were with
—OMe at the R3 (6.2 ppm) and —Br at the R4 (4.4 ppm) positions, respectively.

H

~ H

[0} o] O OH
Ry Rs Ry Rs Ry Rs
BOOE BOCE
0 Ry o R,
State GS; GS,
Ring a p o p [V ]

NICS (1) 1.85=1.15 -7.95 £0.55 1.20 +0.70 -5.30+0.60 0.95 +0.95 -3.35+1.45

Fig. 4. Distribution of the hanging n-electron density during IPT (shown by green circles) and
range of NICS (1) values (ppm) in the o~ and frings for the GS;,
TS and GS; structures (shown under the figure).

CONCLUSIONS

In the present study, intramolecular proton transfer of juglone and 20 of its
derivatives were studied. Placing a number of groups at certain ring positions
facilitated the IPT, whereas placing some others at specific positions impeded the
reaction. As noticeable examples, locating —Cl and —Br groups in the R3 position
(JG8 and JG13 analogues, respectively) resulted in a significant decrease in the
activation barrier which effectively increased the realization of the IPT more than
other analogues, whereas placing an -NO» group at the R position (JG1 ana
logue) remarkably increased the activation barrier, which hindered the progress
of the reaction compared to the other derivatives.

Analysis of the NICS values showed that al GS; structures had negative
NICS values in the #ring (due to the aromaticity of the £ring) and positive ones
in the o~ring (because of the localized quinone ring). Furthermore, during IPT
from the 4 to the o-ring, the aromatic properties in the f#ring downgraded (due
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888 VESSALLY etal.

to destruction of the aromatic cycle), whereas the n-electron delocalization in the
o~ring were upgraded (because of the newly formed double bond) for all MM
analogues. It should be noted that al derivatives showed different rates of change
of the aromatic properties of the o~ and Arings.

Since Juglone is a natural ligand and IPT can be a basis for formation of
complexes, juglone and its analogues can be utilized as absorbents or carriers of
metal ions and amino acids in biologic systems. According to the calculation re-
sults, it can be rationalized which derivates of juglone can be utilized as an ab-
sorbent (derivatives which facilitate the IPT) and which ones as a carrier (deri-
vatives which hinder the progress of the IPT) of metal ions and amino acids.

U3BOJI

TEOPUJCKO UCTPAXKMBAKBE UHTPAMOJIEKYJICKOI' TPAHC®EPA ITPOTOHA U
OJ1 JE3I'PA HE3BABHCHOI' XEMHUJCKOI IIOMAKA V JYI'JIOHY
N BbETOBUM JJEPUBATHUMA

E. VESSALLY?, E. FEREYDUNI? M. KAMAEE® 1 S. MORADI*

1Payar’ne Noor University (PNU), Zanjan, 2 Department of Chemistry, Tabriz Branch, Islamic Azad University,
Tabriz, 3Department of Chemistry, Shahid Chamran University, Ahvaz u 4Faculty of Chemistry,
Islamic Azad University, North Tehran Branch, Tehran, Iran

VY pamy ce mpBo mcTpaxyje mHTpamosiekyiacku tparchep mporona (IPT) y jyriony u me-
roBuM jAepuBatuMa. OBa UCTPaXKUBAA OJHOCE CE HA YTHILA] €IEKTPOH-TIPHBIAYHUX U EIEKTPOH-
-0/100jHUX CYICTUTYEHATa y Pa3IMYUTHM HOJIOKajuMa y jyriiony. [Ipoy4asanu cy |PT npouecnu y
KOjUMa Cy TeoMeTpHje, eHepruje M TepMoAMHaMHuKe (yHKIMje jenumerma oapeheHe meromom
¢byukuuonanue teopuje rycture (DFT), Ha muBoy B3LYP/6-31+G(2d,p). 3artuMm je mpoyuaBaH
ytuuaj |PT Ha mpoMeHy apoMaTHYHOCTH (eHMIT U GEH30XHHOHCKOT MPCTeHa. 3a TO Cy M3pavyHaTe
NICS-BpenHOCTH pCTEHOBA, 32 OCHOBHA 1 TpenasHa crama (GS;, TS u GS,) mpumemyjyhu CSGT
npoueaypy Ha Husoy B3LY P/6-31+G(2d,p).

(IIpumsseno 30. cenrembpa 2010)
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Abstract: A simple, descriptive and interpretable model, based on a quantitative
structure—retention relationship (QSRR), was devel oped using the genetic algo-
rithm-multiple linear regression (GA-MLR) approach for the prediction of the
retention indices (RI) of essential oil components. By molecular modeling,
three significant descriptors related to the Rl values of the essential oils were
identified. A data set was selected consisting of the retention indices for 32
essential oil molecules with a range of more than 931 compounds. Then, a suit-
able set of the molecular descriptors was calculated and the important descrip-
tors were selected with the aid of the genetic algorithm and multiple regression
method. A model with alow prediction error and a good correlation coefficient
was obtained. This model was used for the prediction of the Rl values of some
essential oil components which were not used in the modeling procedure.

Keywords. chemometrics, QSRR; genetic algorithms; multiple linear regres-
sion; retention indices; essential oils.

INTRODUCTION

Essential oils are valuable natural products used as raw materials in many
fields, including folk medicine, perfumes, cosmetics, aromatherapy, phytothe-
rapy, spices and nutrition. They are mixtures of more than 200 compounds that
can be grouped basically into two fractions, a volatile fraction, which constitutes
90-95 % of the whole oil and contains monoterpenes and sesquiterpene hydro-
carbons and their oxygenated derivatives, together with aliphatic aldehydes, a-
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892 AZARetal.

cohols and esters, and a nonvolatile residue, that constitutes 5-10% of the whole
oil and contains hydrocarbons, fatty acids, sterols, carotenoids, waxes, couma
rins, psoralens and flavonoids.1

Ammoides atlantica is of the Apiaceae family. The plant is used in infusions
for the treatment of headache, fever and diarrhea. It is aso used in compresses,
alone or soaked in acohol or vinegarand mixed with henna, to treat children af-
fected by mental debility as reported by Laouer et al.2

GC and GC-MS are the main methods for the identification of these plant
oils. Seeking a quantitative relationship between the molecular structure and the
gas chromatographic retention indices has been a basic task in chemistry. Corre-
lations between the GC retention indices and the molecular structures can pro-
vide more profound insights into the interactions between the eluents and the
stationary phases from atheoretical viewpoint. In addition, they can provide very
important information about the effect of the chemical structures on the retention
behavior and the possible mechanism of absorption and elution.

Prediction of physico—chemical properties of materials based on their mole-
cular structure has been one of the wishes of scientists and engineers for a long
time. One of the best methods which has been applied for this purpose is quan-
titative structure—property relationships (QSPR). QSPR analysis is how a well-
established and highly respected technique to correlate diverse ssimple and com-
plex physico—chemical properties of a compound with its molecular structure,
through a variety of descriptors. The basic strategy of QSPR analysis is to find
optimum quantitative relationships, which can then be used for the prediction of
the properties from molecular structures. Once a reliable relation has been ob-
tained, it is possible to useit to predict that same property for other structures not
yet measured or even not yet prepared.3

Quantitative structure—retention relationships represent statistical models
that quantify the relation between the structure of molecules and their chromate-
graphic retention indices, allowing the prediction of the retention indices of novel
compounds. QSRR on the retention indices have been reported for different types
of organic compounds.4-3

The application of these techniques usually requires variable selection for
building well-fitted models. In this work, the genetic algorithm selection method
was employed for the variable selection in the MLR method. Nowadays, GA is
well-known as an interesting and widely used variable selection method.9-11

The aim of this work was to search for an efficient method to build an ac-
curate quantitative relationship between the molecular structure and the retention
indices of A. atlantica essentia oils by GA-MLR.
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RETENTION INDICES OF ESSENTIAL OILS 893

EXPERIMENTAL

Computer hardware and software

A Pentium 1V personal computer (CPU at 3.06 GHz) with the Windows XP operating
system was used. The geometry optimization was performed with HyperChem (Version 7.0
Hypercube, Inc). For the calculation of the molecular descriptors, Dragon 2.1 software was
used.12 SPSS software (version 11.50, SPSS, Inc.) was employed for the simple MLR ana-
lysis. The GA—-MLR regression and the other calculations were performed in Matlab (Version
7.0, Math works, Inc).

Data set

The data set of the GC retention indices was taken from the values reported by Laouer et
al.13 The Kovats retention indices were obtained according to the following equation:

| =100N +100] 9% 109 %, )
|Og Xz+1) — IOg Xz

where x refers to the adjusted retention volume or time, z is the number of carbon atoms of the
n-alkane eluting before and z+1 is the number of carbon atoms of the n-alkane eluting after the
peak of interest. These values were obtained after subtracting the number of the carbons in the
main chain ties 100 from Kovats indices (KI).

The molecules in the data set, including the essential oils from Ammoides atlantica, are
shown in Table I. The retention indices of al compounds were determined by GC and GC-MS
under a single set of conditions. An apolar fused silica capillary column Perkin EImer Elite-5
MS (5 % phenylmethylsiloxane, 30 mx0.25 mm, 0.25 pm film thickness) was used. The co-
lumn oven temperature was programmed from 60-185 °C at 1.5 °C min'L, held isothermal at
185 °C for 1 min and then raised to 275 °C at 9 °C min'L,

The data set was split into atraining set and a prediction set. The prediction set of 6 com-
pounds was selected randomly from the original 32 of essentia oil components, with the re-
maining compounds constituting the training set. The training set of 26 compounds, with RI
values in the range 931-1582, was used to adjust the parameters of the model, and the test set
of 6 compounds, with RI in the range 954-1545, was used to eva uate its predictive ability.

Determination of molecular descriptors

Molecular descriptors are defined as numerical characteristics associated with chemical
structures. The molecular descriptor is the final result of a logic and mathematical procedure
which transforms chemical information encoded within a symbolic representation of a mole-
culeinto auseful number applied to correlate physical properties.

The Dragon software was used to calculate the descriptors in this research and a total of
1481 molecular descriptors, from 18 different types of theoretical descriptors, were calculated
for each molecule. Since the values of many descriptors are related to the bonds length and
bonds angles etc., the chemical structure of every molecule must be optimized before calcu-
lating its molecular descriptors. For this reason, the chemical structure of the 32 studied mole-
cules were drawn with Hyperchem software and saved with the HIN extension. To optimize
the geometry of these molecules, the AM1 geometrical optimization was applied. After opti-
mizing the chemical structures of al compounds, the molecular descriptors were calculated
using Dragon. A wide variety of descriptors have been reported in the literature, having been
used in QSAR analysis. 1419
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894 AZARetal.

Genetic algorithm for descriptor selection

In QSPR studies, after calculating the molecular descriptors from optimized chemical
structures of all the components available in the data set, the problem isto find a linear equa-
tion that can predict the desired property with the least number of variables as well as highest
accuracy.

In other words, the problem is to find a subset of variables (most statistically effective
molecular descriptors for the RI) from al the available variables (all molecular descriptors)
that can predict RI with the minimum error in comparison to the experimental data.

A generaly accepted method for this problem is the genetic a gorithm based multivariate
linear regression (GA-MLR). In this method, the genetic algorithm is applied for the selection
of the best subset of variables with respect to an objective function. This algorithm was pre-
sented by Leardi et al. for the first time.2°

The GA is a stochastic method to solve the optimization problems defined by fitness cri-
teria, applying the evolution hypothesis of Darwin and different genetic functions, i.e., cross-
over and mutation.

To select the most relevant descriptors, the evolution of the population was simulated.21-23
The population of the first generation was selected randomly. Each individual member in the
population, defined by a chromosome of binary values, represented a subset of descriptors.
The number of the genes a each chromosome was equa to the number of the descriptors. A
gene was given the value of 1, if its corresponding descriptor was included in the subset;
otherwise, it was given the value of zero. The number of the genes with the value of 1 was
kept relatively low to have a small subset of descriptors.2* As a result, the probability of
generating O for a gene was set greater (at least 60 %) than the value of 1. The operators used
here were crossover and mutation. The application probability of these operators was varied
linearly with a generation renewal (0.0-0.1 % for mutation and 60-90 % for crossover). The
population size was varied between 50 and 250 for different GA runs. For a typical run, the
evolution of the generation was stopped when 90 % of the generations took the same fitness.

MLR Modeling

The general purpose of multiple regressions is to quantify the relationship between se-
veral independent or predictor variables and a dependent variable. A set of coefficients defines
the single linear combination of independent variables (molecular descriptors) that best des-
cribes retention indices. The retention indices value for each essential oil component would
then be calculated as a composite of each molecular descriptor weighted by the respective
coefficients. A multi-linear model can be represented as:

Y= PBo+ P+ oy 2+ Pay3+---+ Puak+e 2
where K is the number of independent variables, £1,..., S the regression coefficientsand y is
the dependent variable. The regression coefficients represent the independent contributions of

each calculated molecular descriptor. The algebraic MLR model is defined in Eq. (1) and in
matrix notation:

y=Xb+e (3)

when X is of full rank, the least-squares solution is b = (XTX)"1XTy, where b is the estimator for
the regression coefficientsin b and XT is atranspose of X.

A single MLR model was developed for essential oil compounds using SPSS software
(version 11.50, SPSS Inc., USA). The MLR model was built using a training set and validation
using an externa prediction set. Multiple linear regression (MLR) techniques based on least-
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squares procedures are very often employed for estimating the coefficients involved in a

mode! equation.?>

MLR Analysis
The multiple linear regression method (MLR) is one of the most used mo-

RESULTS AND DISCUSSION

deling methods in QSRR. Thus, MLR analysis was performed to derive the best
QSAR model. A small number of molecular descriptors proposed by our team
were used to establish a QSRR model. The MLR technique was performed on the
molecules of the training set shown in Table I. After regression analysis, a few
suitable models were obtained, from which the best model was selected and is
presented in EQ. (3). A small number of molecular descriptors (RDF035m, PCD
and Q2) proposed were used to establish the QSRR model. Additional validation
was performed on an external data set consisting of 6 essential oil compounds.
MLR Analysis provided a useful equation that can be used to predict the RI of
essential oil based upon these parameters. The best equation obtained for the RI
of the essential oil compoundsis:

Rl =590.81+ 20.56RDF 035m+107.41PCD + 839.37Q2 (4)

TABLE I. The data set and the corresponding observed and predicted RI values by GA-MLR
for the training and test set (E —relative error)

No. Compound RI (Exp) RI (GA-MLR) E/%
Training set
1 a-Thujene 931 993.31 6.69
2 a-Pinene 941 967.82 2.85
3 Sabinene 975 976.75 0.18
4 S-Pinene 980 968.41 -1.18
5 a-Phellandrene 1007 1051.05 4.37
6 0-3-Carene 1013 998.54 -3.38
7 p-Cymene 1026 1112.58 843
8 Limonene 1030 995.12 -3.38
9 y-Terpinene 1064 1010.16 -5.05
10 cis-Sabinene hydrate 1069 989.20 —7.46
11 Linalool 1099 1178.61 7.24
12 cis-p-Menth-2-en-1-ol 1123 1193.25 6.25
13 a-Terpineol 1186 1118.92 -5.65
14 Methyl thymol 1236 1290.56 441
15 Thymol 1292 1265.62 —2.04
16 Carvacrol 1297 1257.97 -3.00
17 S-Caryophyllene 1420 1394.21 -1.81
18 a-Amorphene 1486 1490.01 0.26
19 y-Cadinene 1516 1399.89 —7.65
20 d-Cadinene 1527 1517.06 —-0.65
21 Germacrene B 1560 1572.98 0.83
22 Caryophyllene oxide 1582 1617.89 2.26
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TABLE I. Continued

No. Compound Rl (Exp) RI (GA-MLR) E/ %
Prediction set
1 Camphene 954 1039.2 8.93
2 Myrecene 993 997.8 0.48
3 a-Terpinene 1020 1012.2 -0.76
4 1,8-Cineole 1032 1082.3 4.88
5 Terpinolene 1088 985 -9.45
6 Terpinen-4-ol 1177 11195 -4.87
7 Methyl carvacrol 1244 1272.5 2.29
8 a-Copaene 1379 1382.8 0.28
9 a-Muurolene 1501 1482.9 -1.19
10 Selina-3,7(11)-diene 1545 1406.2 -8.98

Positive values of the regression coefficients indicate that the indicated des-
criptor contributes positively to the value of RI, whereas negative values indicate
that the greater the value of the descriptor, the lower is the value of RI. In other
words, increasing RDF035m, PCD and Q2 will increase the extent of the RI of
essential oil compounds.

For an evaluation of the predictive power of the generated MLR, the opti-
mized model was applied for prediction of the Rl values of 6 compounds in the
prediction set, which were not used in the optimization procedure. For the cons-
tructed models, the predictive ability of the MLR model was evaluated by cal-
culation of statistical parameters.

The data set and the corresponding experimental and predicted RI values of
al the molecules studied in this work are summarized in Table I. Plots of the
values predicted by the GA-MLR against the experimental values of the retention
indices of the training and prediction sets are shown in Fig. 1. The residuals
(experimental Rl — predicted RI) obtained by the GA-MLR modeling versus the
experimental Rl values are shown in Fig. 2. The distribution of the residuals on
both sides of the zero line indicates there is no systematic error in the GA-MLR
model.

Satistical parameters

For an evaluation of the predictive power of the generated MLR, the opti-
mized model was applied for the prediction of the Rl values of the test com-
pounds in the prediction set, which were not used in the optimization procedure.
For the constructed models, two general statistical parameters were selected to
evaluate the prediction ability of the model for RI values. For this case, the pre-
dicted Rl of each sample in the prediction step was compared with the experi-
mental RI.

The root mean sgquare error of prediction (RMSEP) is a measurement of the
average difference between predicted and experimental values, at the prediction
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stage. The RMSEP can be interpreted as the average prediction error, expressed

in the same units as the original response values. The RMSEP was obtained using
the following formula:

0.5
100| 1 -
RM$P:7[EZP:1(yi - yi)z} )

The second statistical parameter was the relative error of prediction (REP)
that shows the predictive ability of each component, and is calculated as:

05
REP (%) = %EZ{Q(% =Y )2} (6)

where y; is the experimental Rl value of the essential oil in the sample i, Y,
represents the predicted RI value of the essential oil in the sample i, y is the
mean of experimental RI values in the prediction set and n is the total number of
samples used in the prediction set.

1700
1600 - R2=0.9416 ®
1500 -
1400 -

1300 -

Predicted

1200 -
® Training set
1100 -
A Test set
1000 -

900 +—— S — — R )
900 1000 1100 1200 1300 1400 1500 1600 1700

Experimental
Fig. 1. The RI values predicted by the MLR modeling vs. the experimental Rl values.

The dtatistical parameters calculated for the GA-MLR model are listed in
Tablell.

Topliss and Edwards?6 demonstrated that the more independent variables
screened, the more independent variables are available for selection in amultiple
linear regression model and the more likely a model will be found by chance.
These authors recommended that in order to reduce the risk of chance corre-
lations, there should be a certain ratio of data points to the number of indepen-
dent variables available. A solution for the detection of a chance correlation isthe
Y-randomization test.2” In order to assess the robustness of the model, the Y-ran-
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domization test was applied in this study. The dependent variable vector (RI) was
randomly shuffled and a new QSPR model was developed using the original in-
dependent variable matrix. The new QSPR models (after several repetitions) are
expected to have low R2 and Q2 values (Table I11). If the R2 and Q2 values of
these models were much lower than those of the original model, it could be con-
sidered that the model was reasonable and had not been obtained by the chance.

2007 ® Training set

150 - A Test set
100 -
50 ® oA

Residual
o
«®
e
>
Ay
@

800 900 1000 1100 1200 1300 1400 1500 1600 1700

Experimental

Fig. 2. Plot of the residual's against the experimental values of the retention indices.

TABLE II. Statistical parameters obtained by application of the MLR method to the test set

Parameter Vaue
RMSEP 66.473
REP / % 5570
R 0.894
Number of descriptors 3

TABLE I1l. R? train and Q2L OO values after several Y-randomization tests

Iteration R Q°

1 0.1568 0.0031
2 0.1217 0.0013
3 0.2186 0.0122
4 0.0729 0.0096
5 0.1354 0.0197
6 0.0097 0.2751
7 0.1877 0.0026
8 0.3235 0.1193
9 0.0814 0.0506
10 0.2099 0.0059
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Description of the models descriptors

The retention indices in GC depend on the relative solubility of the solute in
the mobile and stationary phases, which depend on the molecular structure and
chemical properties of the solute. Differences between these properties govern
the retention behavior through the column.

In this work, three descriptors were selected including RDF035m, PCD and
Q2 for the prediction of the retention indices values. A brief description of the
descriptors is presented in Table 1V. The methods for the calculations of these
descriptors and their meaning have been explained in the Handbook of Molecular
Descriptors by Todeschini et al.14

TABLE V. A brief description of the descriptors used in this study

No. Descriptor Definition

1 RDFO035m Radial distribution function — 3.5/weighted by atomic mass
2 PCD Difference of multiple path countsto path counts

3 Q2 Total squared charge

The first descriptor is RDF035m, which is one of the radial distribution func-
tion (RDF) descriptors. A RDF in this form meets all the requirements for a 3D
structure descriptor. It is independent of the atom number (i.e., the size of amole-
cule), it is unique regarding the three-dimensional arrangement of the atoms and
itisinvariant against translation and rotation of the entire molecule.

Formally, a radia distribution function of an ensemble of N atoms can be
interpreted as the probability distribution to find an atom in a spherical volume of
radius r.21 The following equation represents the radial distribution function code
asit was used in thisinvestigation:

g(r)=f Nz_lg A AjeBIr—r)? (7)
P

where f is a scaling factor and N is the number of atoms. By including charac-
teristic atomic properties A of the atoms i and j, the RDF codes can be used in
different tasks to fit the requirements of the information to be represented. The
exponential term contains the distance rj; between the atomsi and j and a smooth-
ing parameter B, which defines the probability distribution of the individua dis-
tances. g(r) was calculated at a number of discrete points with defined intervals.
The atomic properties Aj and Aj used in this equation enable the discrimination of
the atoms of a molecule for almost any property that can be attributed to an atom.
Such a distribution function provides, besides information about interatomic dis-
tances in the whole molecule, the opportunity to gain access to other valuable in-
formation, e.g., bond distance, ring types, planar and non-planar systems and
atom types. This fact is a most valuable consideration for a computer-assisted
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code elucidation. The radial distribution function in this form meets the entire
requirement mentioned above, especialy the invariance against linear tranda-
tions.28

Additionally, the RDF descriptors can be restricted to specific atom types or
distance ranges to represent specific information in a certain three-dimensional
structure space (e.g., to describe the steric hindrance or the structure/activity pro-
perties of a molecule). RDF035m displays a positive sign, which indicates that a
retention index is directly related to this descriptor.

The second descriptor of this model was the difference of multiple path
counts to path counts (PCD) that describes information related to bonds and dis-
tances (bond orders, saturation and ratio of multiple bonds to single bonds).14 Its
effect on the retention indices was positive, which indicates that the retention
timeisdirectly related to this descriptor.

The final descriptor of this model was the total squared charge (Q2)29-31 that
is obtained by the following formula:

N
Q2=3Q? (8
|

where Q; is the amount of charge on atom i and N is the number of atoms of that
molecule. This descriptor had a positive effect on the retention indices.

The correlation coefficient matrix for the descriptors used in this study (GA-
MLR), is listed in Table V. The data indicate there is a very low correlation be-
tween the descriptors used in this research. Therefore, the ability of the resulting
QSRR regression models to enable accurate prediction of the retention indice is
not related to co-linearity between the variables.

TABLE V. The correlation coefficient matrix for the descriptors used in this study

PCD Q2 RDF035m
PCD 1 - -
Q2 0.259 1 -
RDF035m 0.108 0.532 1
CONCLUSIONS

In this paper, a smple QSRR model was presented for the prediction of the
RI of essential oils. This model is a multivariate linear model, which has three
variables (molecular descriptors). These three molecular descriptors were se-
lected using the GA-MLR technique. These variables are calculated based on the
chemical structure of the molecules. The QSRR model with the simply calculated
molecular descriptors could be employed to estimate the retention indices for
new compounds, even in the absence of standard candidates.
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U3BOA

KBAHTUTATUBHA PEJIALIMJA USMEDBY CTPYKTYPE U PETEHIIMIJE 3A
IMMPEABUBABE NHAEKCA PETEHIIMJE ECEHLUMJAJIHUX YJbA
M3 Ammoides atlantica

PARVIZ ABEROMAND AZAR', MEHDI NEKOEI*, SIAVASH RIAHI*>, MOHAMAD R. GANJALI® u KARIM ZARE*

1Department of Chemistry, Faculty of Basic Sciences, Science and Research Branch, 1slamic Azad University,
Tehran, 2Ingtitute of Petroleum Engineering, College of Engineering, University of Tehran, P. O. Box 11365—
4563, Tehran u *Center of Excellence in El ectrochemistry, Faculty of Chemistry, University of Tehran, Iran

Pa3BujeH je jenHocTaBaH, NECKPUNTHBAH M MHTEPIPETATHBAH MOJEN, 3aCHOBAaH Ha KBaHTH-
TaTUBHO] penauuju usmelhy crpykrype u pereHuuje (QSRR), y3 npuMeHy reHeTHUYKOr alropuTMa
ca nuHeapHoM perpecujoM (A-MLR). TTomohy Tor mozena mpensubajy ce peTCHIMOHH MHICKCH
(RI) 3a KOMIIOHEHTE eCeHIHANHUX YJba. [IoMolly MOJICKYJICKOT MOJEIOBamha HACHTH(HHKOBAHA CY
Tpu OutHa neckpunropa 3a onuc Rl. CacraBibena je 6a3a mopaTaka koja ce cacroju u3 Rl 3a 32
MOJIEKyJIa KOjH Cy CaapKaHU y €CEHIMjaHUM yJbuMa, of Buie o 931 nmo3naTux. 3aTuM je uspa-
YyHAT MOTOJAH CKYIl MOJICKYJICKHX IECKPUIITOpa W HajOuTHUjH Mehy muma cy oapehenn nomohy
GA-MLR. Jo6ujeH je Mozen ca HICKOM TPEIIKOM U J0OpHM Koe(hHIrjeHToM Kopenanuje. Monen
je onma ynotpebJbeH 3a mpensuhame Rl BpeaHOCTH 32 HEKe KOMIOHEHTE €CEHIUjalTHUX yJba KOje
Hucy kopuirhene 3a noouBame QSRR mozena.

(Mpumsseno 19. okrobOpa, peBuaupauno 23. reuembpa 2010)
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Abstract: Chelating ion-exchange resins were synthesized by polycondensation
of ortho/para hydroxybenzoic acid with resorcinol/catechol employing formal-
dehyde as cross-linking agent at 805 °C in DMF. The resins were charac-
terized by FTIR and XRD. The uptake behaviour of synthesized resins for
Cd(I1) and Pb(l1) ions have been studied depending on contact time, pH, metal
ion concentration and temperature. The sorption data obtained at optimized
conditions were analyzed by the Langmuir and Freundlich isotherms. Experi-
mental data of all metal-resin system were best represented by the Freundlich
isotherm. The maximum obtained sorption capacity for cadmium was 69.53 mg g1
and 169.32 mg g1 for lead. The adsorption process follows first order kinetics
and the specific rate constant K, was obtained by the application of the Lager-
gan equation. Thermodynamic parameters AG®S, AS¥s and AHS were calcu-
lated for the metal—resin systems. The externa diffusion rate constant (K¢) and
the intra-particle diffusion rate constant (K;q) were calculated by the Spahn—
—Schlunder and Weber—Morris models, respectively. The sorption process was
found to follow an intra-particle diffusion phenomenon.

Keywords:. chelating resin; SEM; kinetics; isotherm; distribution coefficient.

INTRODUCTION

In recent years, there has been a growing concern for the immobilization of
metal ions introduced into water and wastewater bodies by increasing human
technologica activities. It has been established beyond doubt that heavy metal
ions in the environment (water, soil and air) pose a very serious threat to human
health. With the exponentially increasing population, there is a need for control-
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ling heavy metal discharge before the toxic metal ions enter the complex eco-
system.

Separation, removal, and enrichment of trace metals in agueous solutions
play an important role in the analysis of wastewaters, industrial and geological
samples. Solid phase extraction of metal ion has gained rapid acceptance because
of its various advantages over other methods. The extraction of metal ions using
chelating ion exchange resin is a green analytical method since it does not in-
volve the use of toxic chlorinated organic solvents, which are very frequently
used in conventional liquid-iquid extraction techniques. The main objective of
most of the research on chelating resins was the preparation of insoluble func-
tionalized polymers that can provide more flexible working conditions together
with good stability and high capacity for metal ions.

The use of modified clay minerals for the adsorption of metal ions from
agueous solutions for water purification or industrial wastewater treatment has
been widely studied. These clay minerals, when used as colloids or powders,
have been found to be equally efficient asion exchange resin but it is difficult to
recover such adsorbents from filters after use. This further renders the regene-
ration and possible reuse of clay adsorbents very difficult.

The kinetics of the adsorption of toxic metal ionsis required in order to pre-
dict the rate at which the toxic metal ions are removed from the aqueous solution.
Adsorption kinetics also provides an insight into the mechanism of adsorption.!

A number of kinetic investigations have been performed on the adsorption of
Pb(I1) onto peat,2 Ph(l1) onto decaying leaves,3 Cd(l1) onto hydrous ferric oxide,4
Cu(ll) and Pb(Il) onto a polysulphone and algae complex,® Cr(IV) onto peat,®
Pb(I1) on palm kernel fibre,” Pb(ll) onto orthophosphate-modified Kaolinite
clay,8 Pb(I1) and Cd(l1) onto tripolyphosphate-modified Kaolinite clay,® to men-
tion but a few. However, although these adsorbents all showed good potentia as
low cost adsorbents in the adsorption of metal ions, they either exist in aqueous
solution as colloids or dispersed particles that are difficult to recover from filters.

To address the problem of recovery of adsorbent after use from filters, this
study focuses on the production of a water-stable and mechanically strong adsor-
bent by the synthesis of chelating ion exchange resins. These were subsequently
employed for the adsorption of Pb(I1) and Cd(l1).

This study further considers the kinetics of the adsorption of Pb(ll) and
Cd(I1) onto chelating ion exchange resin adsorbents. The effects of pH, metal ion
concentration, temperature, the pseudo-second order and pseudo first order rate
constants and the kinetics of adsorption of Pb(I1) and Cd(Il) for &l the resins
were investigated. The obtained kinetic adsorption data were modelled against
existing kinetic adsorption models.
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EXPERIMENTAL
Reagents and solutions

Analytical reagent (A.R.) grade chemicals were used unless otherwise stated. Stock solu-
tions (500 mM) of metal ions were prepared by dissolving appropriate amounts of CdAc, and
PbAc, in deionised water acidified with 5 cm?3 of the corresponding acid. The metal ion solu-
tions were standardized by complexometric titration with ethylenediaminetetraacetic acid
(EDTA) using standard procedures.1® The working solutions of metal ions were obtained by
dilution of the stock solutions with deionised water. The solutions were adjusted to a
particular pH using buffers. Acetate buffer was used to adjust the pH in the ranges 3.5 to 6.5.
The water samples from industry were collected, immediately acidified with 2 % HNOs,
filtered, and stored in glass bottles. Solutions of acids and akalis were prepared by dissolving
appropriate amounts of the particular compound in deionised water and standardized by
literature methods.1°
Instruments

A flame atomic absorption spectrometer (AAS, Electronic Corporation of India Ltd.,
Hyderabad, India, model 4129) was used for the measurements of the metal concentrations, em-
ploying an air—acetylene flame (air and acetylene flow rates: 10 dm3 min't and 2.0 dm® min‘1,
respectively). The line selected for monitoring Cd and Pb were 228.8 and 217.0 nm, respecti-
vely. The analysis of each metal ion was realised by AAS after appropriate dilution. The infra-
red spectra of the synthesized resin in KBr pellets were recorded on an FTIR spectrophoto-
meter (Shimadzu, model-8201PC, Japan). The X-ray diffraction (XRD) analysis was per-
formed using an advanced diffractometer (Bruker, AXE D8, UK). The surface morphology
was analyzed using an optical microscope (Olympus, SZX12, Japan) and a scanning electron
microscope (Philips, XL30, Netherlands) at different magnifications. The sorption—desorption
studies of both metal ions were performed by the batch technique and using columns of 0.5
cminternal diameter. For the batch sorption technique, a mechanical shaker equipped with an
incubator (Hindustan Scientific, New Delhi, India) at a speed of 200 strokes min'! was used
throughout the equilibration.

Resin synthesis

Salicylic acid/p-hydroxybenzoic acid (13.5 g, 0.1 mol) was taken in a 250 cm3 round
bottom flask and dissolved in dimethyl formamide (DMF) solvent (20 cm3) to give a clear
solution. A solution of resorcinol/catechol (11 g, 0.1 mol) in 10 cm3 DMF was added to the
solution and stirred for 2 h. Formaldehyde (0.3 mol, 37 %) was added and stirred for an hour.
The salicylic acid—<formaldehyde—resorcinol (SFR), salicylic acid—formal dehyde—catechol (SFC),
p-hydroxybenzoic acid—formal dehyde—resorcinol (pHFR) and p-hydroxybenzoic acid—formal-
dehyde-resorcinol (pHFC) resins were synthesized by refluxing the corresponding mixture at
805 °C in awater bath for 2—3 h under constant stirring, during which the mixture gelled to a
soft dark brown mass. A gel was separated from the reaction vessel and cured in an oven at
80-90 °C for 12 h. As carboxylic acid groups normally decompose above 100 °C, the resin
was cured below 90 °C. The resulting resins were washed with DMF to remove monomer im-
purities and finally with deionised water. After the complete washing cycle, the yields of the
resins were in the range 78-85 %. These purified and dried resins were finely ground and
passed through a 50-mesh sieve and then a 20-mesh sieve to obtain a uniform particle size
(2050 mesh). The sieved resins were again washed with water, air dried at room temperature
and stored in airtight polyethylene bottles.

To convert the resin samples into the H* form, resins of uniform particle size were equi-
librated with 1 M HCI solution for 24 h and washed with deionised water until chloride-free,
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906 SHAH, SHAH and TAILOR

checked with silver nitrate solution. The H* form of the resins were used for the batch and co-
lumn studies. The physico-chemical properties, viz. moisture content, % solid, apparent den-
sity, true density, void volume fraction and sodium exchange capacity were studied according
to literature methods. 1!

Batch sorption experiments

The sorption properties, i.e., as the effect of contact time, the effect of pH, the effect of
metal ion concentration and the effect of temperature, were studied by the batch equilibration
method at 30+2 °C according to literature methods.12

To study the effect of contact time on the sorption of Cd(Il) and Pb(ll), accurately
weighed (0.250+0.001 g) amounts of the H* form of the dry resins with a uniform particle size
(20-50 mesh) were taken in different glass-stoppered flasks and equilibrated with buffer solu-
tions of optimum pH value (pH of the highest exchange) for 6 h. After decanting the buffer
solution, 50 cm3 (200 mM) of metal ion solutions of the same pH were added. After the equi-
libration time, the solutions were filtered through a 0.02 um membrane filter to separate the
resin and solution. The amounts of non-adsorbed metal ions were determined by AAS at fixed
timeintervals.

To study the effect of pH on the uptake of Cd(I1) and Pb(ll), different sets of accurately
weighed (0.250+0.001 g) dry resin were equilibrated with buffers of different pH values in
glass-stoppered flasks for 6 h for the resin to attain the desired pH value. After 6 h, the buffer
solutions were decanted and 50cm3 of 200 mM metal ion solutions of varying pH from 3 to 7
were added. The metal ion solutions were equilibrated at room temperature (30+2 °C) for 6 h
with intermittent shaking. The pH of the filtrate was measured and it was found that the pH
remained stable throughout the experiment (x0.2). The non-adsorbed metal ions were esti-
mated after filtration.

To study the effect of metal ion concentration on the uptake of Cd(l1) and Pb(I1) ions by
the synthesized resins, accurately weighed (0.250+0.001 g) buffered resins were equilibrated
with different concentrations of metal ion solutions (50 cmd) in the range 50-300 mM at the
same pH value at room temperature for 6 h with intermittent shaking. After 6 h, the metal ion
solutions were filtered and the residual metal ions were estimated by AAS.

To study the effect of temperature, equilibrium experiments were performed at fixed me-
tal ion concentration (200 mM) for a fixed resin loading (0.250+0.001g) and initial pH (dif-
ferent optimum pH for different resins for Cd(I1) and Pb(Il) ions) at four different tempe-
ratures: 30, 40, 50 and 60 °C.

Column chromatography

Column/ion exchange chromatography is a technique in which the separation of compo-
nents of a mixture is realised by taking advantage of their different selectivity coeffici-
ents/retention capacity of the column adsorbent/resin. The differences in the selectivity coef-
ficient/retention capacity lead to different migration rates on through the column. The study of
column chromatography for the separation of mixtures and industrial effluents provides an
idea of its application on alarge scale.

A calibrated 50cm3 glass column (0.5cm internal diameter) fitted with a glass wool plug
at the lower end was used as ion exchange column. The resin having various particle sizes
(20-50 mesh) was used to avoid choking of the column. The glass column was filled with a
slurry of the resin in hot deionised water whereby air entrapment was avoided. The column
was then backwashed with deionised water to ensure no air bubbles remained in the column
and that the resin was uniformly distributed. This column was used for the separation of
Cd(I1) and Pb(l1) from the mixtures.
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RESULTS AND DISCUSSION

Physico—chemical properties

The physico—chemical properties of all four synthesized resins are presented
in Table I. The moisture content of a resin furnishes a measure of its water load-
ing capacity or its swelling capacity. The moisture content depends on many fac-
tors, such as the composition of the resin matrix, the degree of cross-linking or
the nature of the active groups and the ionic form of the resin. The degree of
cross-linking of aresin has an impact on the moisture content of the resin and the
moisture content, in turn, has an impact on the selectivity. In aresin with a high
moisture content, the active groups are spaced further apart from each other, for
example, strong acid cation resins contain about 50 % moisture. The percentage
moisture content of synthesized resins, as shown in Table |, ranged from 6.2-8.7 %.
Thus, these resins have low range of percentage moisture content compared to
the commercial resins. Resins synthesized from salicylic acid—furfuraldehyde—ben-
zidine and p-hydroxybenzoic acid-furfuraldehyde-benzidinel3 had lower mois-
ture contents (4.01 and 4.9 % respectively) than the present synthesized resins.
The resin synthesized from salicylic—furfuraldehyde-hexaminel4 and salicylic
acid—formal dehyde—m-cresol 15 exhibited slightly higher moisture contents (15.11
and 9.4 %, respectively) than SFR, SFC, pHFR and pHFC resins. The difference
in moisture content may be due to the different experimental conditions, such as
the media in which the resins were synthesized, the polymeric backbones, the
degree of cross linking and functional groups involved.

TABLE |. Physico—chemical properties of the synthesized resins

Property SR SC pHFR pHFC <D
Moisture content, % 7.0 6.2 8.7 6.5 0.5
Solid content, % 93 938 913 935 05
True density, d,/ g cm3 1126 1.210 1.689 1.391 0.03
Apparent density, dy / g cm3 0.842 0.883 0.931 0.916 0.006
Void volume fraction 0453 0.483 0.448 0.341 0.005
Sodium exchange capacity, mmol g1 dry resin 4931 4.027 3822 3497 0.2
Concentration of fixed ionogenic groups, mmol cm3 5,02 4.473 5.893 4548 0.200
Volume capacity, mmol cm3 267 2209 3247 2997 0.05

The true densities of the synthesized resins, which were in the range 1.126 to
1.689 g cm3, are given in Table |. The true density of commercial resins gene-
raly lies between 1.1 to 1.7 g cm3. To avoid the floating of resin particles, the
true density must be more than one. Floating of resin particles is undesirable in
chromatographic studies, as it hampers the formation of a compact column. The
optimum density and uniform particle size enable perfect column packing and
performance of the column. The measurement of the column density, or apparent
density, is necessary as commercialy resins are sold on a volume basis and packed
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on a weight basis. The apparent densities of the synthesized polymers are given
in Table I, from which it can be seen that the apparent densities of all the resins
were in the range of 0.84 to 0.93 g cm3, which is comparable to the density of
commercia resins. This may be because of changes in the polymeric matrix, dif-
ferent functional groups and the method of synthesis. The apparent density para-
meter gives an idea of the required length of a packed column for an ideal co-
lumn chromatographic study. The values of void volume fraction of resin are also
given in Table I. The void volume fraction of the synthesized resin was in the
range of 0.341 to 0.483. The appreciable values of the void volume fraction help
the diffusion of the exchangeable ion on the resin and hence increase the rate of
exchange of ions. The minimum essential void volume provides better diffusion
of exchangeable ions and thus gives feasibility to column operation.

FTIR Spoectra of resins

The FTIR spectra of the SFR, SFC, pHFR and pHFC resins are displayed in
Fig. 1. The strong band at 3446-3452 cm1 is attributed to v(O—H) stretching of
the phenolic group. The presence of a medium band at 2920-2926 cm1 is due to
the v(C-H) stretching of the methylene group.16 The medium strong band at
1630-1653 cm! can be assigned to v(C=0) stretching of the aromatic acid

pHFR

pHFC

4000 3500 3000 2500 2000 1500 1000 @ Fig. 1. FTIR Spectra of the synthesized
Wavenumber: ,(:m'1 resins.
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UPTAKE OF CADMIUM AND LEAD 909

group. The weak medium band at 1390-1462 cm1 is due to §(C-H) deformation
of the methylene group.1517 The medium band at 769-775 cm1 is due to the
3(C—H) bending of the 1,2,3,4-tetra substituted benzene ring.18 The medium band
at 664667 cm! s attributed to the §(C—H) bending of poly ethylene H(CHy)—
bridges.
X-Ray diffraction analysis

XRD Patterns of a compound provide information about its crystalline or
amorphous nature and the regions of the compound that may co-exist.1® The
XRD patterns of al four resins (SFR, SFC, pHFR and pHFC) are shown in Fig.
2. No sharp peaks were observed in the diffractograms of the resins, which ex-
hibited an irregular pattern, which is characteristic an amorphous compound. A
phenol—formaldehyde resin exhibited a similar XRD pattern, which confirms the
amorphous nature of the four synthesized resins.20

SFR

SFC

PHFR

i .|MJI‘I§MI[ML iy
L

pHFC

&0 70 F19. 2. XRD Petterns of the synthesized

10 20 30 40 50 ,
20,Degree resins.

SEM and optical microscopy

Surface analysisis of great use for the understanding of the surface features
of a material. Several observations were made of the resins before the photo-
graphs (SEM and optical) were taken to ensure that the photographed regions
were representative of the overall resin. The optical photographs of synthesized
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resins showed that the SFR resin was red in colour, whereas the pHFR resin
appeared brown in colour with a rough surface, while the SFC and pHFC resins
were black in colour with a smooth surface. This indicates that salicylic acid-
containing resins exhibit a reddish—brown colour and the catechol-containing
resins were black in colour.

The SEM photographs of all the resins are shown in Fig. 3 at 500x magni-
fication. The SEM photographs indicate that the resin exhibits angular edges with
regular fringes. The morphology of the resin shows a fringed micelle model of
the crystalline—amorphous structure. The fringes represent the transition material
between crystalline and amorphous phases. The SEM photographs exhibits such
spherulites, which are the aggregate of some crystallites present along with some
amorphous regions. SFC is more amorphous than pHFC, while pHFR is least
amorphous. All four resins exhibited an amorphous character, which was con-
firmed by their XRD patterns.

Fig. 3. SEM Photographs of the synthesized resins at 500x magnification;
a) pHFC, b) pHFR and c) SFC.

Effect of contact time

The rate of exchange of metal ions on the resin changed in a time dependent
manner as can be seen in Fig. 4. Thus, the time required for 50 % exchange (t1?)
of Cd(I1) for the SFR and SFC resins was 50 min, for pHFR about 60 min and for
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pHFC 65min. The time required for 50 % exchange (t12) of Pb(ll) for SFR was
45 min, for SFC 55 min, pHFR about 55 min and for pHFC 60 min. The fast rate
of exchange at the beginning can be explained based on the law of mass action.2!
A faster rate of exchange is facilitated by column chromatographic separation.
The kinetics of metal ion exchange mainly depends on various physical proper-
ties, such as particle size, pore size, physical core structure and diffusion of the
counter ion.1517 Complete uptake of Cd(I1) took 21 h with SFR, pHFR and pHFC
and 15 h with SFC. Complete uptake of Pb(l1) 12 h with SFR, 15h with SFC and
18 h with pHFR and pHFC. Hence, 24 h was considered as the optimum time for
complete equilibration of Cd(l1) and Pb(ll) ions and was used for all further
experiments.

o] Cd

Exchange of metal ions, %
g
3

501 —=—SFR

40 —e—SFC

30 ] —&— pHFR
) —e— pHFC

0 10 I 2b ' 3b | 4|0 | 5|0 I 60 I 2(|)O‘4(|)0'6(|)0I8([)0‘10|00I12|00‘14[00
Time, min
Fig. 4. Time dependence of the fraction of metal ion uptake by the synthesized resins.
Conditions: cg =200 mM, w=0.25g, V=50 cmd, t = 302 °C.

Effect of pH on the exchange capacity

The effect of pH variation on chelating ability of the synthesized resins to-
wards Cd(I1) and Pb(Il) ions was studied. The removal of metal ions from ague-
ous solution was highly dependent on the pH of the solution that aso affected the
surface charge of the sorbents. The results are presented in Fig. 5 as exchange ca
pacity against pH for both the studied metal ions. The results show that the
uptake of Cd(l1) and Pb(Il) ions increased with increasing pH up to a certain va
lue and thereafter decreased. The nature of the observed trend indicates that the
cation exchange behaviour of these resin was similar to that of weak acid cation
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exchangers,17 because in weak acid cation ion exchanger, the exchange capacity
is pH dependent.1® The maximum uptake of SFR for Cd(I1) and Pb(ll) occurred
at pH 5 and of SFC at pH 5.5, while pHFR exhibited a maximum capacity for
Cd(I1) at pH 5.5 and for Pb(ll) at pH 5 and pHFC a maximum capacity for Cd(I)
at pH 5 and for Pb(ll) at pH 5.5.

254 Cd

2.0

© A A
o o w
1 " 1 L |

©
o

| pb

Exchange capacity, mmol/g

T T T T T

4 5 6
pH

Fig. 5. Metal ion uptake capacity of the synthesized resins as a function of pH.
Conditions: ¢y =200 mM, w=0.25g, V=0cm3, t = 30+2 °C.

The selectivity order for Pb(ll) was SFR > SFC > pHFR > pHFC and for
Cd(l1), it was SFR > pHFR > SFC > pHFC. Chelation and ion exchange, are
more favourable for the uptake of Pb(ll) in case of the salicylic acid-containing
resin due to its smaller hydrated ion radius. An increase in pH increased the ne-
gatively charged nature of the sorbent surface. This leads to an increase in the
electrostatic attraction between the positively charged metal ions and the nega-
tively charged sorbent, which results in an increase in the uptake of metal ions.
The decrease in the removal of metal ions at lower pH is due to the higher con-
centration of H* present in the reaction mixture, which compete with the metal
ions for the sorption sites on the resin surface. The observed decrease in sorption
at higher pH is due to the formation of insoluble hydroxy complexes of the metal
ions.22

Though SFC and pHFC were found to possess low cross-linking in their back-
bones, they exhibit comparatively higher exchange than a salicylic acid—formal-
dehyde-m-cresol resin.15 This is due to tiny cracks and channels, which were
clearly seen on the surface of the SFC and pHFC resin (SEM photographs, Fig.
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3). The breaking of large particles tends to open tiny cracks and channels on the
particle surface of the material, resulting in better diffusion owing to the smaller
particle size.

SFR exhibited a higher exchange capacity for both Cd(11) and Pb(ll), while
pHFC showed a lower exchange capacity for Cd(l1) and Pb(ll) as compared to
other synthesized resins (SFC and pHFR). The exchange capacity for Cd(l1) was
lower as compared to Pb(l1) for al the synthesized resins (SFR, SFC, pHFR and
pHFC). This can be explained based on the hydrated radius of Cd(Il) and Pb(ll),
cadmium having alarger hydrated ion radius than Pb(l1) ion. This resultsin a de-
crease in the electrostatic attraction between the Cd(I1) and coordinating group, a
lower complex stability and hence alower the capacity.

Effect of initial metal ion concentration on the exchange capacity

The amount of metal ion uptake first increased with increasing concentration
of metal ions and then remained constant with further increasing of the metal ion
concentration (results not shown). At lower concentrations of metal ions, the
number of metal ions available in solution was lower than the number of avail-
able sites on the sorbent.23 However, at higher concentrations, the available sites
of exchange remained the same whereas more metal ions were available for sorp-
tion and subsequently the exchange finally become almost constant. A similar
trend in the sorption data was previously reported for lead and chromium onto
bagasse fly ash?4 and for heavy metals onto a salicylic acid—formal dehyde-m-
-cresol chelating resin.1> At a Cd(l1) concentration of 250 mM, the sorption/ion
exchange attained a limiting value for the SFR, SFC and pHFC and pHFR resins.
In case of Pb(Il), the uptake became constant for SFR and pHFC after a concen-
tration of 200 mM, while for SFC and pHFC, the limiting value was reached at a
concentration of 250 mM. Therefore, a 200 mM concentration was considered as
the optimum concentration for all the resins and this concentration was used in
the further experiments.

Effect of electrolyte concentration and pH on the distribution coefficients
of the metal ions

The distribution coefficient (Kg) values of the metal ions as a function of pH
and concentration of electrolyte solution were studied. The Ky value decreased
with increasing the electrolyte concentration and increased with increasing pH,
which is presented in Table Il. In the present investigation, the distribution stu-
dies were limited up to a certain pH for each metal ion to prevent hydrolysis of
the metal ions at higher pH values. To achieve a more distinct separation of metal
ions in a shorter time, the maximum difference in the Kq value should be selected
for optimized chromatography conditions.
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TABLE Il. K4 vaues for the synthesized resinsin tartaric acid at different pH values and con-

centrations
Resin Metal ion Tarta_\ric acid 3 pH
concentration, mol dm’ 3.0 35 4.0 50 6.0
SFR Cd(n 0.1 565.00 443.00 299.80 14331 87.50
0.2 370.81 21570 153.80 9898 50.99
0.3 25211 170.77 101.02 53.00 19.27
0.5 98.23 50.09 31.13 - -
1.0 3147 2257 10.68 - -
Ph(11) 0.1 828.23 587.62 440.84 310.51 247.10
0.2 517.00 473.74 301.77 250.67 189.74
0.3 390.32 295.00 220.22 181.37 121.84
0.5 152.71 21013 187.15 12091 92.31
1.0 17113 14570 90.27 5264 11.09
SFC Cd(In) 0.1 69.5 54.3 335 21.3 175
0.2 52.1 37.8 215 135 125
0.3 29.3 215 14.3 9.2 -
0.5 174 15.8 - - -
1.0 - - - - -
Ph(11) 0.1 1431 129.7 1035 815 52.6
0.2 1182 1104 84.8 62.7 45.3
0.3 72.9 63.1 57.6 48.3 375
0.5 - - - 31.2 24.8
1.0 - - - -
pHFR  Cd(ll) 0.1 55.5 62.2 68.6 222 194
0.2 42.3 57.2 317 39.3 13.6
0.3 29.7 20.5 27.8 145
0.5 - - - -
1.0 - - - - -
Ph(11) 0.1 96.3 811 74.2 54.2 33.8
0.2 78.5 68.2 62.8 49.0 30.1
0.3 69.2 60.5 54.8 315 22.0
0.5 54.2 49.7 44.0 374 18.8
1.0 - - - - -
pHFC  Cd(ll) 0.1 375 22.0 30.2 195 19.0
0.2 24.9 18.0 155 10.9 15.6
0.3 195 15.0 9.5 - -
0.5 16.2 129 - - -
1.0 - - - - -
Ph(11) 0.1 60.5 395 28.4 255 16.5
0.2 321 22.0 20.3 16.5 15.4
0.3 15.1 13.6 10.1 15.2 -
0.5 85 10.2 - - -
1.0 - - - - -

Among all the resins under investigation, the SFR resin showed the highest
Kg values, where pHFC exhibited the lowest Kqg values. This may be explained
based on the stability constants or the difference in the energy of the complexes
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UPTAKE OF CADMIUM AND LEAD 915

according to Irving and Williams.2> Chromatographic separation of these two
metal ions was employed using the SFR resin. From Table 11, it is clear that
Pb(11) had a distribution coefficient of 120.91 as compared to Cd(l1) (0.0) at pH
5.0 and tartaric acid concentration of 0.5 M, indicating the feasibility of the
chromatographic separation of these two metal ions. Chromatographic separation
of the metal ions was achieved and the recovery of Cd(l1) was 90.7 % and of
Pb(I1) 96.20 %, which is shown in Fig. 6.

45 -

7 0.5 M Tartaric Acid at pH=5.0 | M Tartaric Acid at pH=6.0

40
35-
30
25 ]

20 _ cdll) Pb(Il)

15 4

Removal of metal ions, %

10 S

o4 e
0 20 40 60 80 100 120 140

Volume of eluent, cm®
Fig. 6. Chromatographic separation of the metal ions on the SFR resin.

Effect of temperature and thermodynamic parameters

The effect of temperature on the uptake of both Cd(I1) and Pb(l1) on synthe-
sized resins was studied using the optimized conditions determined in the pre-
vious experiments. The temperature was varied from 30 °C to 60 °C. It was ob-
served that the uptake of Cd(l1) and Pb(Il) ions increased with increasing tempe-
rature (results not shown) for al the metal-resins systems. The exchange was
enhanced due to the increased kinetic energy.26 The phenomenon of an ion-ex-
change depends on the metal ion concentration and temperature. The surface
energy of the SFC resin increases with temperature. Similar results were also re-
ported previously for the ion exchange of Ni(ll), Cu(ll), Zn(I1),Cd(l1) and Pb(lI)
with Dowex 5028 and Amberlite IR 120.27

The values of AHexch ASexch gnd AGeXCh were also calculated from the
slope and intercept of the Van't Hoff plot of the exchange of metal ions on the
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SFC resin using the following linear variation of In Kg with reciprocal tempera-
ture 1/T:

In Kg = (AS*SR) — (AHSCRT) (1)

where, AS>¢h and AHexch gre the entropy and enthalpy change for the process,
respectively. The free energy of the adsorption AG&ch was calculated using the
following Van't Hoff Equation:

AGexch = _RTIn Kq )

The value of AHex¢h was negative which indicates an exothermic ion ex-
change process and it is likely that the chelation mechanism dominates (Table
[11).28 The entropy (ASCh) s positive corresponding to an increase in degree of
freedom of the system due to release of two hydrogen ions for the divalent meta
ions under study.2® The negative values of AG&ch indicate the feasibility of the
process and also the spontaneity of the ion exchange process. The amount of
metal ions uptake at equilibrium must increase with increasing temperature, be-
cause AGEXeh decreases with increasing solution temperature.

TABLE Ill. Thermodynamic parameters for Cd(l1) and Pb(ll) adsorption on the synthesized
resins
Meta ion Resin  T/K Kq AG/kImol™  AH/kImol™  AS/JK'mol™

Cd(I) SFR 293  7.92+0.2 -5.041 —6+0.2 17+0.2
303 8.12+0.2 —5.276
313 8.41+0.2 -5.541
323 8.67+0.2 —5.799
SFC 293 4.65+0.2 -3.622 —7+0.2 19+0.2
303 4.95+0.2 -3.712
313 5.10+0.2 -3.739
323  5.29+0.2 —4.801
pHFR 293 5.19+0.1 —4.371 —7+0.1 18+0.1

303 5.32+0.1 —4.301
313 5.49+0.1 —4.406
323 5.69+0.1 —4.409

pHFC 293 4.41+0.1 -3.701 —5+0.1 13+0.1
303 4.67+0.1 —3.722
313  4.93+0.1 —3.735
323 5.06+0.1 —3.739
Pb(11) SFR 293 9.65+0.2 —4.803 -5+0.2 11+0.2

303 9.92+0.2 —4.812
313 10.51+0.2 —4.835
323 10.87+0.2 —4.853

SFC 293 8.05+0.2 —3.845 —4+0.2 12+0.2
303 8.27+0.2 —3.892
313 8.63+0.2 -3.911
323  8.79+0.2 —3.923
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TABLE Ill. Continued

Metal ion Resin T/K Kg AG/ kJmol™ AH/kImol™*  AS/JK ™ mol™
Pb(Il) pHFR 293  7.47+0.1 —-2.588 —7+0.1 20+0.1

303 7.61+0.1 —2.591

313 7.92+0.1 -2.607

323  811+0.1 -2.615

pHFC 293  7.12+0.1 -4.782 —5+0.1 15+0.1

303  7.56+0.1 -5.094

313  7.73+0.1 -5.311

323 8.02+0.1 —5.492

Sorption isotherms

Equilibrium can be described by isotherm equations such as the Langmuir
and Freundlich isotherms. A preliminary screening of the corresponding equa
tions showed that the Langmuir and Freundlich models best fit the experimental
data and the following equations were used for the modelling of results.

Langmuir model: (ce/Qe) = (1/Q%) + (c/Q°) ©)
Freundlich model: log ge = log ks + (1/n)log ce 4)

where cg is the equilibrium concentration (mmol g—1), Qe is the amount adsorbed
at equilibrium (mmol g-1) and QO and b are Langmuir constants related to the
adsorption capacity and energy of adsorption, respectively. The liner plots of
Ce/Qe Vs. Ce (Not shown) indicate that ion uptake obeys the Langmuir model. The
constants QO for Cd(l1) were calculated as 69.53, 43.23, 52.47 and 38.84 mg g1
as the maximum capacity for SFR, SFC, pHFR and pHFC, respectively. The con-
stant QO for Pb(Il) by SFR, SFC, pHFR and pHFC were calculated as 169.32,
143.23, 122.47 and 101.84 mg g1, respectively. These results are comparable to
those of the commercial resin Duolite GT-73 reported by Vaughan et al.30 The
QO value of Duolite GT-73 for Cd(I1) and Pb(Il) were 106 and 122 mg g—1,30 res-
pectively. The values of QO for a synthetic methacrylic acid—co—ethyleneglycol
dimethacrylate resin were 416.67 and 588.24 mg g1 for Cu(ll) and Ni(ll) res-
pectively.23 The sorption energy constant of Cd(ll) for SFR, SFC, pHFR and
pHFC are 0.1048, 0.0721, 0.0831 and 0.0593 dm3 mg1, respectively. The sorp-
tion energy constant of Pb(ll) for SFR, SFC, pHFR and pHFC are 0.2732, 0.2461,
0.2382 and 0.1984 dm3 mg-1, respectively The essential characteristics of Lang-
muir equation can be expressed in terms of a dimensionless separation factor or
equilibrium parameter, R .31 The value indicates the isotherm to be either unfa-
vourable (R_ < 1), linear (R_ = 1), favourable (0< R_ <1) or irreversible (R_ = 0).
The values of R_ obtained for all the metal—resin systems investigated are given
in Table IV. The R_ values for both the metals Cd(I1) and Pb(l1)) under study
were between 0 and 1, indicating the sorption to be favourable.
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918 SHAH, SHAH and TAILOR

TABLE V. Langmuir and Freundlich isotherms constants for the metal—resin systems

Metal i Resi Langmuir constant Freundlich constant
1on - RE&SN T dme mgl QYmggl! R RZ  k/dmigl 1n R2

Cd(n SFR 0.1048 69.53 0.219 0.9627 3541 0.4152 0.9886
SFC 0.0721 43.23 0.202 0.9787 68.72 0.7215 0.9934
pHFR 0.0831 52.47 0.2141 0.9791 54,70 0.5123 0.9862
pHFC 0.0593 38.84 0.198 0.9687 21.35 0.5216 0.9912

Ph(l1) SFR 0.2732 169.32 0.341 0.9892 71.75 0.7023 0.9925
SFC 0.2461 143.23 0.322 0.9974 66.23 0.6230 0.9914
pHFR 0.2382 122.47 0.281 0.9972 54.11 0.5834 0.9887
pHFC 0.1984 101.84 0.263 0.9983 39.63 0.4982 0.9974

The specific rate constant, K, for the sorbent was determined by the Langer-
gan Equation:
log (ge — Q) = log ge — K;t/2.303 5)
where ge and q (mg g1) are the amounts of metal ions adsorbed at equilibrium
and at time t (min), respectively. The straight-line plot of log (ge—q) vs. time t,
(not shown) indicates the validity of the Lagergren equation for the system and
explains that the process follows first order kinetics. The values of K, for the
Cd(I1)—resin systems were found to be 17.123x10-3, 14.315x10-3, 15.217x1073,
11.831x10-3 min—1 for SFR, SFC, pHFR and SFC, respectively. The values of K;
for the Pb(ll)-resin systems were found to be 9.187x10-3, 12.501x10-3,
15.157x10-3 and 15.331x10-3 min1 for SFR, SFC, pHFR and SFC, respecti-
vely. Similar K, values were reported by Prasad et al. for Cu(ll) (11.3x10-3 min-1)
and Ni(Il1) (9.9x10-3 min—1) with a synthetic methacrylic acid—co—ethyleneglycol
dimethacrylate resin.23

Diffusion models

Sorption kinetics are mainly controlled by various factors including i) solute
transfer from the solution to the boundary film of the particle (bulk diffusion), ii)
diffusion from the film to the surface of the sorbent (external diffusion), iii) dif-
fusion from the surface to the intraparticular sites (intra-particle diffusion) and iv)
solute adsorption by complexation or physico—chemical sorption or ion exchange.

By providing sufficient agitation to avoid particle and solute gradients in the
batch reactor, enables bulk diffusion to be ignored.23 The processes of intra-par-
ticle diffusion and external diffusion may be the rate controlling steps. Severa
models have been described to discuss the effect of external diffusion and intra-
particle diffusion of solute on an adsorbent. In the present work, the Spahn and
Schlunder mode!33 and the Weber and Morris model34 were chosen to describe
the external diffusion and intra-particle diffusion on the resin, respectively.
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UPTAKE OF CADMIUM AND LEAD 919

The Spahn and Schlunder model

If external diffusion of metal cations (within the diffuse layers outside the
sorbent) is the rate limiting step then the sorption data can be fitted by the fol-
lowing equation:23.37

In (ci/cg) = KAHV (6)
where Kg is the external diffusion coefficient, cg is the initial metal ion concen-
tration, ¢ is the concentration at sorption time t, A is the external sorption area
and V is the total solution volume. The external diffusion coefficient can be cal-
culated from the slope of the straight line obtained from a plot of In (ci/cg) vs. t
(not shown). The external diffusion model shows excellent correlation with the
sorption data, with high correlation coefficients (Table V). This would indicate
that the sorption of Cd(l1) and Pb(Il) ions under study is a probably a surface pro-
cess occurring on the exterior of the resin particle. The externa diffusion coef-
ficient (Kg) vaues of Cd(I1) and Pb(Il) for SFR, SFC, pHFR and pHFC were cal-
culated and the values are given in Table V. The values for the external diffusion
coefficient (Kg) for the synthesized resins are in the range of 0.00125-0.00425
mmol h~1 for Cd(ll) and 0.00249-0.00680 mmol h—L for Pb(Il). Similar results
were observed by Anand et al.23 while studying the uptake behaviour of Cu(ll)
and NI(I1) on a methacrylic acid—co—ethylene glycol dimethacrylate polymer.

TABLE V. External and intra-particle diffusion rate constants for the metal—resin systems

Metdl i Res External diffusion Intra-particle diffusion
ion esin K. = Kid | =

/(1)) SFR 0.00425 0.978 0.102 0.029 0.987
SFC 0.00125 0.977 0.0310 0.063 0.990
pHFR 0.00193 0.938 0.0504 0.094 0.992
pHFC 0.00187 0.987 0.0301 0.039 0.990
Pb(11) SFR 0.00680 0.942 0.134 0.119 0.989
SFC 0.00355 0.963 0.0807 0.187 0.997
pHFR 0.00249 0.993 0.0443 0.173 0.978
pHFC 0.00283 0.983 0.0439 0.062 0.995

Weber and Morris model

An empirically found functional relationship, common to the most sorption
processes, is that the uptake varies almost proportionally with t¥2, the Weber and
Morris plot:34

Gt = kigt!/2 + | (7
where, g is the amount of sorbate retained at time t, kiq is the intra-particle dif-
fusion rate constant and | is thickness of the boundary layer. According to Eq.

(7), aplot of g vs. t¥2 (not shown) should be a straight line with slope kig and
intercept | when sorption mechanism follows an intra-particle diffusion process.
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The values of intercept give an idea about the thickness of the boundary layer,
i.e., the larger the intercept, the greater is the boundary layer effect.3° The values
of | for al the resins for Cd(l1) and Pb(ll) were found in the range 0.029-0.187
mmol dm3 h-Y/2, The obtained values of the intra particle coefficient (Kjq) and |
are given in Table V. From the external diffusion and intra-particle diffusion
data, it can be concluded that diffusion process was mainly controlled by intra-
-particle diffusion.

Analytical application

Removal of toxic metal from industrial effluents. The efficiency of metal ion
recovery from industrial effluent was examined using SFR as the representative
of all the synthesized resins. The effluents were collected from D. P. Chemicals
Pvt. Ltd. GIDC, Ankleshwer and the Plate Well, Padra Road, Atladara, Baroda
for Cd(I1) and Pb(I1), respectively. Theinitial concentrations of Cd(l1) and Pb (I1)
in the effluents were found to be 185 and 106 mg dm3, respectively.

Industrial effluent analysis was performed in a simple way using the synthe-
sized resins. The SFR resin was filled in a column (diameter is 0.5 cm) to a
length of 15 cm. Thefilled resin was pre-equilibrated at pH 5.0.

The pH of theindustrial effluent containing Cd(I1) (100 cm3) was adjusted to
5.0 using buffer solution and passed through the resin column at flow rate of 1
cm3 min—L, followed by a thorough washing with water. The chelated cadmium
was eluted with 1 M tartaric acid solution at pH 5.0. It was found that the re-
moval and recovery of cadmium from the effluent were quantitative.

The pH of the Phb-containing effluent was adjusted to 5.0 and pass through
the resin column at a flow rate 1 cm3 min—1, followed by thorough washing with
deionised water. The chelated lead was eluted with 1 M tartaric acid solution at
pH 6.0.

The results showed 94.3 % Cd(Il) and 95.1 % Pb(l1) recovery from the in-
dustrial effluents using the SFR resin. The synthesized resins can be adopted for
the treatment of industrial wastewater.

CONCLUSIONS

The synthesized resins exhibited great amorphous character with cracks and
channels on their surfaces. The low moisture contents of the resins indicate high
degrees of cross-linking. The resins showed quite high capacities for metal up-
take. The void volume fractions of the resins were relatively lower than other re-
ported resins, indicating a lower rate of exchange. The chelating ability of the re-
sinsfor Cd(ll) was SFR > pHFR > SFC > pHFC and for Pb(l1) was SFR > SFC >
> pHFR > pHFC. The uptake of metals proceeds by both physical and chemical
phenomenon, confirmed by the applicability of the Langmuir and Freundlich iso-
therms. Diffusion studies shows that the process of metal ion uptake is mainly
governed by an intra-particle diffusion process. These synthesized resins can be

2011 Copyright (CC) SCS

olcle

EY HMC HD



UPTAKE OF CADMIUM AND LEAD 921

used for the removal of toxic heavy metals from aqueous media and industrial
wastewater containing Cd(l1) and Pb(Il). The recovery of the metals from Indus-
tria effluents gives an indication of the utilization potential of the synthesized
resins for wastewater treatment.

N3BOJI

KAPAKTEPU3ALIMJA XEJIATHE CMOIJIE XUJIPOKCUBEH30EBE KUCEJIMHE:
PABHOTEXA, KHHETUKA 1 UBOTEPMCKHU ITPO®NII 3A BESUBAIE Cd(I1) 1 Pb(l1)

BHAVNA A. SHAHY, AJAY V. SHAH? u RITESH V. TAILOR"

1Department of Chemistry, Veer Narmad South Gujarat University, Surat-7, Gujarat u sience and
Humanity Department, Polytechnic, Vidyabharti trust, Umrakh, Bardoli-1, Gujarat, India

XenatHa joHO-U3MEBMBA CMOJIa je cunTeTrcana Ha 8015 °C nonumkonaeH3aiujom opitoliapa-
-XHAPOKCHOCH30€BE KHCEINHE U pecopuuHonoM/katexoiaoM y3 dopmanaexuy y DMF kao ympe-
xaBajyhn arenc. Cmona je 6ma kapakrepucana FT1C u XRD meronama. Mcriurana je cnoco6HOCT
cunrerucannx cmona (SFR, SFC, pHFR u pHFC) na sexxy Cd(l1) u Pb(ll) jore y 3aBucuocTr ox
BpeMeHa KOHTaKTa, PH, KOHIEHTpalyje joHa MeTaia U Temneparype. CeleKTHBHOCT CHHTETHCaHUX
cmona y BesuBamy joHa Pb(Il) pacre y nuzy SFR > SFC > pHFR > pHFC, a 3a Cd(ll) SFR >
> pHFR > SFC > pHFC. Coprmiuionn mojany 1004jeHH 32 ONTUMHU30BAHE YCIIOBE CYy aHATM3UPAHU
npumenom Langmuir-ose n Freundlich-ose m3orepme. EkcriepiMeHTaIHN TOJAIM 38 CBE METaj—
—cMona cucteMe cy y Hajoosbem cnaramy ca Freundlich-osom wuszorepmom. SFR mokasyje
MaKCHMAJHU COPIIIMOHH KamaiuTeT 3a kagmujym ox 69,5 mg/g u onoso 169,3 mg/g. Ancopn-
LIMOHU TIPOIIEC je peakiirja MpBor pena, a KOHcTaHTa Op3uHe je oxpelena npumenom Lagergan-ose
jenHaunHe. M3pauyHaTn Cy TEepMOAMHAMHYKM IIapaMeTpH MeTajl—cMmoiia cucrema. KoHcraHTe
madysuje 3a criosbalmby Audysujy u audysujy yHyTap 4eCcTulle Cy u3padyHare npumeHom Spahn—
Schlunder u Weber—Morris monena, peaoM. Judysuja yHyTap 4ecTHiia je OAroBOpHA 3a IpoLec
coprje.

(MTpumsbero 1. jyna, pesumupano 8. Hoem6pa 2010)
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Altervalent cation-doped M CM-41 supported palladium
catalystsand their catalytic properties
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Abstract: Metal cation-doped MCM-41 (M-MCM-41, M = Al, Ce, Co, V or Zr)
supported Pd catalysts (Pd/M-MCM-41) were prepared by a solution-based
reduction method. The catalysts were characterized by X-ray diffraction (XRD)
analysis, infrared spectroscopy (IR), scanning electron microscopy (SEM) and
transmission electron microscopy (TEM), and further evaluated by selective
hydrogenation of para-chloronitrobenzene (p-CNB) in anhydrous ethanol. The
metal cation-containing Pd catalysts can efficiently enhance the selectivity for
para-chloroaniline (p-CAN). The highest selectivity of 96.5 % in the molar dis-
tribution for p-CNB to p-CAN was acquired over Pd (1.8 wt. %)/V-MCM-41
(Si/V = 30, molar ratio) catalyst, and the corresponding turnover frequency
(TOF) was 1.24x102 mol p-CNB mol! Pd s1. Water molecules adsorbed by
the support have important effects on both the catalytic activity of the sample
and the selectivity for p-CAN. A water molecule-mediated catalytic hydro-
genation is discussed.

Keywords. metal cation-doped MCM-41; para-chloronitrobenzene; hydrogena-
tion; para-chloroaniline.

INTRODUCTION

Metal cation-doped mesoporous materials have attracted much attention due
to their extensive applications in catalysisl= and as sensor.6 In general, two
methods have been used for the preparation of metal cation-doped mesoporous
materials, i.e., in situ doping synthesis! and the traditional wet impregnation me-
thod.2 From the viewpoint of recycling the catalyst, the former method is su-
perior to the latter because the foreign cations embedded in the framework are
more stable than those adsorbed on the surface of the matrix. Recently, incur-
poration of foreign cations, including transition metals>> and main-group ele-
ments,3.7:8 into the MCM-41 matrix has been intensively investigated because of

* Corresponding author. E-mail: liganggai @yahoo.com
doi: 10.2298/J5C100227073J
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the facile synthesis of the modified MCM-41 and their enhanced propertiesin ca-
talysis.

Catalytic hydrogenation of chloronitrobenzene (CNB) to the corresponding
chloroaniline (CAN) over various metal catalysts, such as Pd, Pt, Rh, Ru, Ni, Co
and Ag,%-15in solution is considered a simple and efficient route due to the rela-
tively clean process. Recently, a gas phase hydrogenation over supported Ni ca-
talysts with 100 % selectivity for CNB to CAN has been reported,16 giving a pro-
mising clean production of CAN. In order to improve the activity and selectivity
of metal catalysts in the liquid phase, many strategies have been developed, such
as metal oxide-assisted,%-12 polymer-stabilized,13:14 carbon and carbon nanotube
supported,1®> and the metal cation-promoted method.11.14.15 Although enhanced
catalytic activity and selectivity for CNB to CAN can be achieved by the poly-
mer-stabilized and metal cation-promoted methods, limitations still exist, in-
cluding difficult separation and recycling of the catalyst.1?

Inspired by the metal cation-promoted method for the clean production of
CAN, together with the large specific surface area of mesoporous molecular sieves,
an in situ metal cation-doped MCM-41 was as the catalyst support in this study.
Thus, the preparation of altervalent cation-doped MCM-41 (M-MCM-41, M =
= Al, Ce, Co, V or Zr) supported Pd catalysts (Pd/M-MCM-41), and their appli-
cations in the hydrogenation of para-chloronitrobenzene (p-CNB) to para-chlo-
roaniline (p-CAN) are reported in this paper.

EXPERIMENTAL
Materials and characterizations

Sodium aluminate (NaAlO,) and palladium(l1) acetate (Pd(OAcC),) were of chemical pu-
rity, and the other employed reagents were of analytical grade. All the reagents were pur-
chased from Tianjin (China) and used directly without further purification.

The X-ray diffraction (XRD) patterns were recorded on a Rigaku D/Max—2200PC dif-
fractometer with CuKa radiation (4 = 0.15418 nm). The Fourier transform infrared (FTIR)
spectra were collected on a Nicolet Nexus 670 infrared spectrometer using pressed KBr discs.
Scanning electron microscopy (SEM) images and energy dispersive X-ray spectroscopy (EDS)
patterns were taken on a FEI co-Holland Quanta 200E scanning electron microscope. For the
EDS analysis, the sample was spread onto a conducting carbon film. Transmission electron
microscopy (TEM) images and selected area electron diffraction (SAED) patterns were ob-
tained on a Hitachi H-800 transmission electron microscope operating at 150 kV. The Pd con-
tent was measured by dissolving the sample in 20 % aqueous HF solution using a Perkin—
—Elmer Optima 2000 DV inductively coupled plasma-optical emission spectrometer (ICP-OES).
Gas chromatography (GC) and gas chromatography/mass spectrometry (GC/MS) anayses were
realized on a Shimadzu GC-2010 gas chromatograph and a GCM S-QP2010 spectromonitor,
equipped with aFID detector and a DB-5 capillary column, respectively.

Preparation of M-MCM-41(M = Al, Ce, Co, V or Zr) supports
An in situ doping method! was employed for the synthesis of the M-MCM-41 supports.

In atypical synthesis of Al-MCM-41, cetyltrimethylammonium bromide (CTAB) and NaAlO,
were added to deionized water and stirred at 30 °C for 0.5 h. Tetraethyl orthosilicate (TEOS)
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MCM-41 SUPPORTED PALLADIUM CATALYSTS 925

and an aqueous 1 M NaOH solution were then added dropwise to the mixture under constant
stirring over 2 h. The gel mixture with a molar composition of 1.0 TEOS:0.033 NaAlO,:0.2
CTAB:0.32 NaOH:84 H,0 was transferred to a Teflon container and heated at 120 °C for 48
h. The precipitate was filtered, washed with deionized water, then several times with
anhydrous ethanol and dried in air a 60 °C for 12 h. The as-synthesized product was calcined
in air at 550 °C for 6 h, cooled naturally to 70 °C, then transferred quickly to a desiccator and
allowed to cool to room temperature in the desiccator. The sample was named Al-MCM-41
(Si/Al = 30, molar ratio based on the starting materias).

Similar procedures were utilized for the syntheses the other M-MCM-41 samples, apart
from the substitutions of NaAlO, by the corresponding mole amount of Ce(NOs)3-6H,0,
Co(NO3)5-6H,0, Zr(SO,4),-4H,0 and half mole of V50s.

Preparation of PA/M-MCM-41 catalysts

A solution-based reduction method was used for the synthesis of Pd/M-MCM-41 com-
posites, involving an impregnation and reduction process. In a typical procedure, 45.3 mg of
Pd(OAC),, 1.0 g of M-MCM-41, and 50 mL of anhydrous ethanol were placed into a 200-mL
capacity stainless steel autoclave. The autoclave was vacuumed and sealed. After agitation at
room temperature for 2 h, the autoclave was filled with H, (99.999 %) to 3 atm and then heated
at 50 °C for 3 h with a stirring rate of 250 rpm. The dark gray precipitate was filtered, washed
sufficiently with anhydrous ethanol and then acetone several times, and dried in a vacuum
oven at 60 °C for 12 h. The mass percent of Pd in the sample was 1.8 %, as measured by 1CP-
-OES. The newly formed dry composites were exposed to air with arelative humidity of 35 %
for 24 h before usage. The final moisture-containing Pd (1.8 wt. %)/M-MCM-41 composites
had a water content of =1 wt. %.

Hydrogenation of p-CNB

Hydrogenation of p-CNB to p-CAN over the Pd/M-MCM-41 composites was performed
by a procedure similar to that described in the litereature.14 Briefly, 10 mmol p-CNB, 0.2 g of
Pd/M-MCM-41, and 50 mL of anhydrous ethanol were placed into the aforementioned auto-
clave. The autoclave was vacuumed, sealed, and filled with H, (99.999 %) to 2 atm in se-
guence and then heated at 50 °C for 3 h under constant stirring. The resulting product was
separated by centrifugation. The supernatant liquor was collected, analyzed by GC using
diphenyl as an internal standard and identified by GC/MS analysis.

RESULTS AND DISCUSSION
Characterization of the catalysts

The XRD and FTIR techniques were employed to examine the structure and
composition of the supports, as shown in Figs. 1 and 2. Compared to silicon-based
MCM-41 synthesized in the absence of a metal additive, each kind of metal cat-
ion-doped support possessed a mesoporous structure (Fig. 1), with little variation
in the lattice parameter ag!8 (Table 1), which arises from incorporation of foreign
cations into the framework of MCM-41.3-5 Considering the IR spectra (Fig. 2), it
was reported that the peak around 960-970 cm1, ascribed to the asymmetric
stretching vibration (vas) of Si—O-M, is a probe to verify the doping state of fo-
reign cations in mesoporous matrix.#19 In comparison with that of pure MCM-
-41, the peak position of va(Si—O-M) in al the cation-doped supports was blue-
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-shifted (Table I), which is indicative of the incorporation of foreign cations into
the framework of the MCM-41 matrix,%19 which is consistent with the XRD
results.

W (C)
(d)

(e Fig. 1. Low-angle XRD pat-
terns of M-MCM-41: a) pure
MCM-41; b) AI-MCM-41; c)
3 4 5 6 Ce-MCM-41; d) Co-MCM-41;
20 /° €) V-MCM-41; f) Zr-MCM-41.

1-MCM-41
2-Al-MCM-41
3-Ce-MCM-41
4-Co-MCM-41
5-V-MCM-41
6-Zr-MCM-41

2000 1800 1600 1400 1200 1000 800 600 Fig 2. IR Spectra of the M-
o /cm’ -MCM-41 supports.

TABLE |. Lattice parameter ag (ag = 2000/3) of the M-MCM-41 supports

Sample MCM-41 Al-MCM-41 Ce-MCM-41 Co-MCM-41 V-MCM-41 Zr-MCM-41
a/ nm 4.47 4.49 4.43 4.57 4.42 4.65

TABLE II. Asymmetric stretching vibration of the S—O-M groups in the M-MCM-41 sup-
ports

Sample MCM-41 AlI-MCM-41 Ce-MCM-41 Co-MCM-41 V-MCM-41 Zr-MCM-41
ve/om® 961 967 968 967 968 967
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A typical XRD pattern of the Pd (1.8 wt. %)/V-MCM-41 sample in the 26
range 0.5-80° is shown in Fig. 3. The diffraction peaks in the low-angle region
(0.5-8°) aong with a broad peak at about 23.5° correspond to amorphous meso-
porous silica. The peak centered at 40.0° can be indexed to the (111) plane of
cubic Pd (JCPDS No. 88-2335). An SEM image of the Pd (1.8 wt. %)/V-MCM-41
sample (Fig. 4a) shows agglomerated microparticles with an average size of =1 um.
The corresponding EDS pattern (Fig. 4b) displays C, O, V, Si and Pd elements,
confirming the vanadium cation-doped SiO» supported Pd catalyst. The C ele-
ment arises from the conducting carbon film. In order to further verify the com-
position of the sample, TEM measurements were performed. Although metal Pd
nanoparticles encapsul ated in the ordered channels of the MCM-41 matrix cannot
be excluded, from the viewpoint of diffusion constraint, crystalline Pd nanopar-
ticles are more easily formed on the MCM-41 surface, as shown in Fig. 4c. The
typical dark-field TEM image (Fig. 4c) reveals a random distribution of bright
spots, which are assigned to crystalline Pd nanoparticles according to the corres-
ponding SAED pattern (Fig. 4d). The average size of Pd nanoparticles is~60 nm,
as determined by counting at least 100 individual metal particles.

(111)

Ly
1 . L4 I v I ¥ I

6 20 60 ' 8|0 Fig. 3. A typica XRD pattern of
20 /° Pd (1.8 wt. %)/V-MCM-41.
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Catalytic properties for selective hydrogenation of p-CNB

Catalytic properties of the Pd (1.8 wt. %)/M-MCM-41 catalysts were eva
luated by selective hydrogenation of p-CNB to p-CAN as summarized in Table
I11. It was found that conversion of p-CNB over each Pd(1.8 wt. %)/M-MCM-41
was higher than that over Pd(1.8 wt. %)/MCM-41, indicating that the foreign
cations embedded in MCM-41 matrix can improve the catalytic activity of the
catalyst. Moreover, the selectivity for p-CAN was greatly enhanced in the
presence of Pd(1.8 wt. %)/M-MCM-41 and the highest selectivity for p-CAN
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occurred over the Pd(1.8 wt. %)/\V-MCM-41 catalyst. Therefore, the Pd (1.8 wt. %)/
IV-MCM-41 samples were selected for further investigation.

®) s

Pd \Y

2 3 4 5 6 7
Binding Energy, KeV

Fig. 4. d) SEM Image, b) the corresponding EDS pattern, c) TEM image and
d) the corresponding SAED pattern of Pd (1.8 wt. %)/V-MCM-41.

TABLE Ill. Catalytic hydrogenation of p-CNB over different Pd (1.8wt. %)/M-MCM-41
catalysts (reaction conditions: 0.2 g catalyst, 10 mmol p-CNB, 50 ml anhydrous ethanol and
2amH, at 50 °C for 3 h)

Catalyst Conversion of TOFx10° Selectivity, mol %
support? p-CNB,mol %  mol p-CNBmol* Pds®  p-CAN Aniline Others’
MCM-41 24.3 0.996 64.3 32.8 29
Al-MCM-41 35.7 1.46 86.6 10.7 2.7
Ce-MCM-41 34.3 141 94.2 35 2.3
Co-MCM-41 30.6 1.25 934 1.7 49
V-MCM-41 30.2 124 96.5 0.9 2.6
Zr-MCM-41 32.6 134 90.1 51 4.8

asi/M = 30 (molar ratio), M = Al, Ce, Co, V or Zr; bOthers contain nitrobenzene, p-chlorophenylhyd-
roxylamine, chlorobenzene, azo- and azoxy-dichlorobenzenes

The metal cation-promoted hydrogenation of CNB to corresponding CAN has
been intensively studied.11.14.15 A well-accepted mechanism!! is that the intro-
duced metal cation interacts with the -NO> group of the CNB molecule, thereby
increasing the polarity of N=0O bond and decreasing the polarity of the Cyjng—Cl
bond. This leads to a promotion of the hydrogenation of the nitro group and an

2011 Copyright (CC) SCS

&

OSE)

EY HMC HD



MCM-41 SUPPORTED PALLADIUM CATALYSTS 929

inhibition of the dechlorination side reaction.! In the present case of Pd/M-
-MCM-41, the foreign cations incorporated into MCM-41 matrix played asimilar
role to that of the metal complexes previously reported,11.14.15 gsjllustrated in
scheme 1(a). The highest selectivity for p-CNB to p-CAN, which was acquired
over Pd/V-MCM-41, can be assigned to the strong interaction between the vana-
diumion and the p-CNB molecule, dueto it having the highest valence (+5) among
the employed cations. It should be noted that, unlike the polymer-stabilized and
metal addition-promoting methods,11.14.15 the absence of polymer or ligands
from metal additive in the present method enables a clean production of CAN be-
cause of the stability of the foreign metal cations in the MCM-41 matrix.

In fact, the CI atom with lone pair electrons in the CNB molecule can aso
coordinate with cations embedded in the support, resulting in a decrease in the
strength of the Cying—Cl bond as a consequence of an increase in the side reaction
of dechlorination. This assumption was evidenced by the fact that the selectivity
of p-CNB to aniline increased on decreasing the Si/V molar ratio to 15 (Table IV),
which shows that an excess of foreign metal cations hampers the selective
hydrogenation of CNB to CAN.

TABLE IV. Hydrogenation of p-CNB over different Pd (1.8 wt. %)/V-MCM-41 catalysts

SV Conversion of TOFx10° Selectivity, mol %
molar ratio p-CNB, mol %  mol p-CNB mol* Pds® ~ p-CAN  Aniline  Others
15 325 133 86.7 10.1 3.2
30 30.2 124 96.5 0.9 2.6
60 27.6 113 921 2.8 51
30% 52.5 2.15 77.9 3.0 19.1

aNewly formed dry catalyst was used

It is worth noting that the water molecules adsorbed by the Pd/V-MCM-41
are beneficia to the selectivity for p-CAN, whereas adverse to the conversion of
p-CNB (Table 1V). In the presence of the newly formed dry catalyst, a dramatic
increase in the conversion of p-CNB was observed, while a distinct decrease in
the selectivity for p-CAN occurred (Table IV). Furthermore, the increased pro-
duct mainly concentrates on the other products including nitrobenzene, p-chloro-
phenylhydroxylamine, chlorobenzene, azo- and azoxy-dichlorobenzenes, rather
than aniline.

It is known that a catalytic process proceeding on the surface of a catalyst
mainly comprises three steps: 1) adsorption of the reactants, 2) the catalytic reac-
tion and 3) desorption of the products. Compared to the moisture-containing ca-
talyst, the newly formed dry catalyst may have relatively higher adsorption abi-
lity for adsorbing the sorbate from the viewpoint of surface potential, which fa-
cilitates the catalytic reaction under otherwise identical conditions. This justifies
the dramatic increase in the conversion of p-CNB. Moreover, high adsorption
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ability means strong interactions between the reactant molecules and the cata-
Iytically active sites, which can cause further reaction of the desired product into
by-products, as mentioned above. For example, the further reaction of p-CAN
molecules |eads to formation of azo- and azoxy-dichlorobenzenes by dimolecular
reactions of p-CNB. Therefore, the decrease in selectivity for p-CAN and the in-
crease in the molar distribution of the by-products are reasonable. On the other
hand, according to catalysis theory,20 highly catalytically active sites possess high
adsorption potential for the sorbate, which evens out the dechlorination and the
reduction of nitro group in the case of hydrogenation of p-CNB. This further sup-
ports the decrease in the selectivity for p-CAN.

The water molecule-promoted, selective hydrogenation of p-CNB to p-CAN
was previously reported,10 when a suitable amount of water was added into the
reaction system, leading to formation of water films on the surface of catalyst.
The water films can depress side reactions towards by-products and favor desorp-
tion of p-CAN into the mixed solvent.10 In the present case of the moisture-
-containing Pd/V-MCM-41, from the viewpoint of the electron effect, the water
molecule-modified catalytic active sites preferentially interact with the -NO»
group rather than the Cl atom of the p-CNB molecule through hydrogen bond
(Scheme 1b), which favors the formation of p-CAN.

:Cl ¢CI
an_ o an 8 "
(] O,—j\l\\ an 1] Oa-':'f"N'"*‘:--o‘ H
.1 7 /‘ LS 2 /
MCM-41 matrix MCM-41 matrix
(a) (b)

Scheme 1. Schematic illustration of the selective hydrogenation of p-CNB over
a) Pd/M-MCM-41 and b) moisture-containing Pd/M-MCM-41; M denotes
ametal cation embedded in the MCM-41 matrix.

CONCLUSIONS

In summary, a set of metal cation-doped MCM-41-supported Pd catalysts
were prepared. Their catalytic properties were measured by selective hydroge-
nation of p-CNB to p-CAN. The highest conversion of p-CNB (35.7 %) was rea-
lized over Pd (1.8 wt. %)/Al-MCM-41 (Si/Al = 30), whereas the highest selec-
tivity for p-CAN (96.5 %) occurred over Pd (1.8 wt. %)/V-MCM-41 (Si/V = 30).
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The turnover frequency (TOF) of hydrogenation increased from 9.96x10-3 mol
p-CNB mol=1 Pd s1 over Pd (1.8 wt. %)/MCM-41 to 1.24x10-2 mol p-CNB
mol~1 Pd s1 over Pd (1.8 wt. %)/V-MCM-41 (Si/V = 30). The water molecules
adsorbed by the support have an important effect on the selectivity of the hydro-
genation of p-CNB to p-CAN. The metal cation-containing MCM-41 supported
Pd catalysts presented herein enable their easy separation and recycling, and are
promising candidates for the selective hydrogenation of CNB.
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U3BOJ

MATAAUIYMCKHU KATAJIM3ATOP HA MCM-41 TIOJJIOTAMA JOIIMPAHUM
KATJOHUMA PA3JIMYUTE BAJIEHIIE 1 BBUXOBA KATAJIMTUYKA AKTUBHOCT

HAIHUI JANG, LIGANG GAl u YAN TIAN

Shandong Provincial Key Laboratory of Fine Chemicals, School of Chemical Engineering, Shandong Institute
of Light Industry, Jinan 250353, Peoples’ Republic of China

IMananujymcku karanusaropu (Pd/M-MCM-41) va nognorama M-MCM-41, M = Al, Ce, Co,
V wiu Zr, [onHpaHuM jOHIMa MeTaa MPHIIPEMaHy Cy peayKIijoM 13 pactBopa. Karanuszatopu cy
OKapaKTepHCaHW MPUMEHOM MeTojae peHrencke audpakuuje u3 mpaxa (XRD), undpanpsene
criekrpockonmje (IC), ckeHupajyhe enexkrpoHcke mukpockonuje (SEM) u tpancmucnone enek-
TpoHcke mukpockonuje (TEM), a 3aTum Cy TeCTHpaHH y peakldju XHAPOTeHH3alHje iapa-XJo-
porutpobensena (P-CNB) y anxumpoBanoMm eranoiy. [lamaanjyMcKu Kataam3aTOpd KOjH HUMajy
MeTajiHe joHe MOry edeKTHBHO moBehaBaTH CENEKTHBHOCT y HoOWjamy fdapa-xjaopoaHuinHa (p-
-CAN). Hajeeha cenextuBaoct ox 96,5 %, y momapnoj muctpubyuuju p-CNB u p-CAN ce
mocTmke Ha Karamusaropy Pd (1,8 mas. %)/V-MCM-41 u mosncku oxsoc Si/V = 30, Ha kome je
onrosapajyha ¢pexsennuja obHasmama (TOF) karanmusaropa 1,24x102 mol p-CNB mol-1 Pd s,
Ancopriyja Boge Ha HOCAady KaTaau3aTopa yTHYE Kako Ha KAaTATHUTHYKY aKTHBHOCT TaKO M Ha
CeNIeKTUBHOCT KaTanu3aropa y nooujamy p-CAN. V pany je muckyToBaHa yiora BoJe y peaKiiju
KaTJIUTHYKE XHUAPOTeHHU3alIHje.

(Mpumsbeno 27. pebpyapa, pesuaupaso 13. lenembpa 2010)
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Abstract: The Mediterranean blue mussel Mytilus galloprovincialis was used as
a pollution level indicator in the Boka Kotorska Bay of the southeastern Ad-
rigtic on the Montenegrin coast. The ever-increasing urbanization and indus-
trialization, combined with a poor sewage system, an increase in both marine
and inland traffic, as well as insufficient water circulation in the Bay itself have
resulted in some level of pollution. Since heavy metals are extremely toxic and
do not easily undergo biodecomposition, the results of this study supply va
luable information concerning the metal pollution of the marine environment in
Boka Kotorska Bay. The concentrations of the investigated metals and non-
metals accumulated in the mussels were determined during the fall of 2007
using Atomic Absorption Spectroscopy (AAS) for Cr, Mn, Co, Ni, Cu, Cd, Hg,
Pb, Sn and V, and Energy Dispersive X-ray Fluorescence (ED—XRF) to de-
termine the concentrations of Fe, Zn, Si, P, S, Cl, K and Ca. ED-XRF was also
used to determine the levels of non-metals and elements present in high con-
centrations. Comparing the data from this study in relation to data from other
regions for Mytilus galloprovincialis, the mussel sampled from the Boka Ko-
torska Bay showed a moderate level of pollution.

Keywords. pollution; metals; non-metals; Mytilus galloprovincialis; bio-indi-
cator.

INTRODUCTION

The Boka Kotorska Bay is located in the southeastern part of the Adriatic
Sea and is deemed to be one of the most beautiful bays of the world. The Boka
Kotorska Bay is naturaly divided into four smaller bays. the Herceg Novi, Tivat,

* Corresponding author. E-mail: jovicmihajlo@yahoo.co.uk
doi: 10.2298/JSC101007075J
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Risan and Kotor Bays. It is hypothesized that the Boka Kotorska Bay, having a
coastline 105.7 km long, covering an area of 87.3 km2, containing a volume of
2.4x106 km3 of water and with a maximum depth of 60 m, was formed by fluvial
erosion.

Each and every one of the four smaller bays comprising the Boka Kotorska
Bay has specific hydrographic and relief characteristics, and is significantly dif-
ferent in its aquatic life from sea waters stretching away from Montenegro.1

The increased urbanization and industrialization of the Montenegrin Coast
over the last two decades could lead to an increase of marine pollution of the
Boka Kotorska Bay. Waste stemming from various inland human activities is
directly delivered into the sea without any prior treatment, the greatest threat
being old and poorly maintained sewage systems. Within the Boka Bay itself, 62
underwater untreated sewage disposal systems have been identified, all of which
deliver sewage waste at a close distance to the shore. Sewage disposal systemsin
the Kotor, Tivat and Risan Bays are neither long nor deep enough, disposing
waste immediately at the coasta line of the Bays. Moreover, many privately
owned estates have sewage disposal systems which are not part of the municipal
sewage system, thereby adding even more to the pollution of the Bay.!

Pollution and contamination of the Boka Kotorska Bay ecosystem arise from
both anthropogenic sources of pollution and natural weathering. Industrial waste
from the steel, soap and pharmaceutical industries, as well as waste produced by
shipyards, hotels and hospitals located within the Boka Kotorska Bay itself, is
allowed to freely flow into the sea, polluting it with heavy and other metals,
causing significant environmental damage. The total quantity of wastewater de-
livered into the sea from the three towns together (Herceg Novi, Tivat and Kotor)
is 7700 and 4900 m3 per day from industries and households, respectively.!

Moreover, the Boka Kotorska Bay is known as one of the regions in Europe
with the highest amount of precipitation, and the quantity of pollutants reaching
the sea from this source cannot be neglected. Adding to this are the ever in-
creasing volume of marine and inland traffic, as well as a growing number of
tourists over the last decade.

All of the above-mentioned factors significantly contribute to the accumu-
lating pollution of the Boka Kotorska Bay, the highest danger stemming from
heavy metal pollution, such as mercury (Hg), lead (Pb), cadmium (Cd) and other
metals.

Heavy metals are extremely toxic and do not easily undergo biodecomposi-
tion.2 Living organisms have as of more recently been used as water pollution
biomonitors, especially for purposes of identifying heavy metals, as the standard
chemical analysis methods do not provide information about the presence and
accumulation of these metals in water.3 Furthermore, the concentrations of me-
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talsin water are often below the instrument detection limit, making agquatic orga-
nisms an even more attractive method for their determination.3

As marine organisms absorb and accumulate matter from their habitat, they
serve as excellent heavy metal water pollution bio-indicators.4 In addition to
heavy metals, marine organisms serve as bio-indicators for metals and com-
pounds otherwise difficult to identify and quantify.6

Not al marine organisms are suitable as water pollution bio-indicators. The
criteriarequired for an acceptable bio-indicator are that it must be able to tolerate
large concentrations of pollutants and accumulate them in addition to being able
to withstand changes in temperature and salinity. It should be representative of a
location, i.e., static and easy to identify, sample and handle. It should have along
enough life cycle to ensure sampling over specified and extended time frames, in
addition to having a sufficient amount of tissue required for chemical analysis.®>6
Of marine organisms generally, mussels and benthic fish are selected as suitable
indicator species of coastal pollution, as they give complementary information on
the bio-availability of chemicalsin the water column and sediments, respectively.
Bioaccumulation patterns of the different pollutants vary substantially among
species. Habitat, season and food chain play key roles in the bioaccumulation
process. Filter feeder organisms accumulate most of the pollutants at levels
higher than those found in the water column; hence, they permit the quality of
coastal environments to be assessed. Being sedentary and easy to sample, the
blue mussel Mytilus galloprovincialis fulfills most of the above-mentioned cri-
teria,’ thus it was chosen to serve as the bio-indicator of heavy metal water pol-
[ution in the Boka Kotorska Bay.

The goal of this work was to determine levels of heavy metals and other
elements in the marine environment of the Boka Kotorska Bay using the mussel
M. galloprovincialis as a bio-indicator and to compare the obtained data with
other regiona data. The aim was to establish the environmental quality of the
coastal watersin the Boka Kotorska Bay.

EXPERIMENTAL
Sampling, storage and sample preparation

Mytilus galloprovincialis was sampled from seven different locations in the fall of 2007:
KraSi¢i, Kukuljina, Tivat, Opatovo, Sv. Stasija, Perast and Herceg Novi asindicated in Fig. 1.
The seven sampling sites are spread throughout the entire Boka Kotorska Bay and arein close
proximity to large towns, ports and industries of the Bay.

Mussels, of similar shell lengths, from each sampling site were sampled. Sampling was
performed using a stainless steel blade. The sampled mussels were placed in plastic bags
together with sea water and so transported to the laboratory. The mussels were rinsed ad-
ditionally with distillated water and the soft tissue separated from the shells. After that, the
mussel soft tissue was rinsed with de-ionized water, whereupon it was subjected to lyophili-
zation — freeze drying (Christ, Alpha 2-4 LD plus, Germany) under vacuum and at a tempe-
rature of —40 °C for 48 h to remove any remaining water. Dried samples of 25-30 mussels
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from each station were pulverized and homogenized using a mill. The application of different
methods to analyze the metal concentrations in the mussels required the preparation of both
liquid and solid samples.

Fig. 1. Sampling sites of Mytilus galloprovincialisin the Boka Kotorska Bay,
Montenegro, southeastern Adriatic Sea.

Solid samples for Energy dispersive X-ray tluorescence (ED-XRF) analyses were pre-
pared as follows: the dried material (post-lyophilization) was pulverized in a vibration mill in
the presence of paraffin wax. The added wax allowed for homogenization of the sample and
served as a binding material for making pellets (whilst not interfering with the analysis itself).
The pellets (d = 40 mm) were made by pressing 5 g of material from the mill in a mold of the
desired shape under high pressure.

Liquid samples for Atomic absorption spectrometry (AAS) analyses were prepared as
follows: about 0.5 g of dried mussel tissue was digested under high pressure with a mixture
containing 7 ml HNO3 (65 % Merck, Suprapur) and 2 ml H,0, (30 % Merck, Suprapur) in a
high microwave digestion system (CEM Corporation, MDS-2100) for 30 min, diluted to 25
ml with ultrapure water and stored in polyethylene bottles until analysis. A blank digest was
performed in the same manner.

Chemical analysis

The manganese (Mn), cobalt (Co), nickel (Ni), copper (Cu), cadmium (Cd) and vana-
dium (V) concentrations in the mussel samples were determined using flame atomic absorp-
tion spectrometry (Perkin—Elmer, AAnalyst 200) with an air—acetylene flame. Analyses of
lead (Pb) and chromium (Cr) were performed using a graphite furnace AAS (Perkin—Elmer,
4100ZL, with Zeeman background correction). Hydride generation and cold vapor techniques
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were used for the analyses of mercury (Hg) and tin (Sn) (PerkinElmer, AAnalyst 200). The
Iron (Fe), zinc (Zn), silicon (Si), phosphorus (P), sulfur (S), chlorides (Cl), potassium (K) and
calcium (Ca) concentrations were determined using the energy dispersive X-ray fluorescence
method (Oxford, ED 2000).

RESULTS AND DISCUSSION

For the first time, the concentrations of the investigated elements were mea-
sured in the mussel Mytilus galloprovincialis at the coastal area of the south-
eastern Adriatic Sea, Montenegro, using the mussel as a bio-indicator.

The information related to the collected samples and the physical parameters
of the sea water at the seven investigated sites are given in Table |. The Perast
site had the lowest water temperature (21.3 °C) and salinity (30.28 %o), but the
pH value was in the range of the all the other measured pH values, 8.16.

TABLE I. Information related to the collected sample

_ _ Depth Shell Water Water Watgr_ Water
Location  Coordinate length temperature  oxygen  conductivity
m cm °C mg ™ mScm* pH
Krasici 42°23'11"N 0.5 6.7 26.0 3.08 52.0 8.12
18°42'10"E
Kukuljina 42°25'34'N 0.5 6.5 26.5 2.86 52.9 8.22
18°42'17"E
Tivat 42°25'45'N 0.5 6.3 26.7 3.12 52.3 8.15
18°41'46"E
Opatovo  42°26'58'N 0.5 6.8 26.2 3.20 53.1 8.16
18°41'09"E
Sv. Stasija 42°28'13'N 0.5 7.2 26.5 3.05 47.3 8.08
18°45'50"E
Perast 42°29°09"’N 0.5 6.1 21.3 2.94 452 8.16
18°41'55"E
H. Novi 42°26'58"'N 0.5 7.2 21.7 2.70 53.8 8.19
18°32'08"E

Determined mean concentrations (mg kg dry weight) of Cr, Mn, Fe, Co,
Ni, Cu, Zn, Cd, Hg, Pb, Sn, V, Si, P, S, Cl, K and Causing M. galloprovincialis
as a bio-indicator of the pollution of the Boka Kotorska Bay are givenin Tablell.
The values of the MCLs8 (metal contamination levels) for Cr, Ni, Cu, Cd, Pb, Hg
and Zn are shown in Table II. These MCLs could denote contamination. Recom-
mended values of MCLs for the remaining elements do not exist in the literature.

The mean concentrations of investigated elements in the soft tissue of mus-
sels from the Boka Kotorska Bay were: 0.67 (Hg), 0.77 (V), 1.64 (Cr), 1.76 (Sn),
2.33 (Cd), 8.00 (Pb), 8.86 (Ni), 9.44 (Cu), 12.60 (Co), 17.69 (Mn), 293 (Zn), 303
(Fe), 3,057 (Ca), 5,714 (P), 7,657 (K), 26,543 (Si), 11,629 (S) and 32,243 (Cl) in
mg kg1 dry weight.
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TABLE I1. Concentration of the elements found in the soft tissues of M. galloprovincialis (mg
kg1 dry weight)

Location
Element — — - — - 5
KrasSi¢i  Kukuljina Tivat Opatovo Sv. Stasja Perast H.Novi MCLs
AAS
Cr 1.30 2.20 2.40 175 1.62 0.74 1.45 25
Mn 10.89 18.88 28.68 23.96 12.71 13.07 1561 -
Co 11.71 13.17 1463 1325 11.90 11.71 1185 -
Ni 8.75 11.00 10.55 8.90 7.20 7.80 7.85 3.9
Cu 13.22 7.21 1562 10.22 6.61 7.81 541 10
Cd 2.34 159 2.66 1.65 1.56 391 261 3.7
Pb 8.00 5.50 14.50 9.00 6.50 7.00 5.50 32
\ 0.60 0.60 0.90 0.50 0.10 2.30 0.40 -
Hg 0.65 0.32 0.42 161 0.37 0.90 0.45 0.23
Sh 1.80 1.70 2.60 1.50 1.40 1.80 1.50 -
ED-XRF
Fe 250 680 410 250 150 180 200 -
Zn 310 200 570 280 190 220 280 200
K 7,600 8,100 8,700 7,800 7,300 7,000 7,100 -
Ca 2,800 2,700 5900 2,200 1,400 1,600 4,800 -
Si 26,200 27,700 26,900 26,200 26,300 26,100 26,400 -
P 5,700 5,400 6,500 5,400 6,300 5600 5,100 -
S 12500 11,700 14,000 11,800 10,600 9,800 11,000 -
Cl 37,000 32,700 43,400 37,300 22,100 22,000 31,200 —

In relation to the values of MCLs for the mean concentrations of Ni, Cu, Cr,
Cd, Pb, Hg and Zn (Table 1), only the measured Cr levels in investigated mus-
sels from the Boka Kotorska Bay were lower than MCL for this element. The
higher levels of the other measured elements than the respective MCL value in
the investigated mussel can also be caused by the bay mineralogy.

The highest concentrations of Cr, Mn, Co, Cu, Zn, Pb, K, Ca, P, S, Cl and Sn
were detected in mussels at the Tivat location, as expected. This is the site with
most anthropogenic activities, known as an agricultural area with military port,
shipyard and airport nearby. Mussels sampled from the Kukuljina site contained
the highest levels of Fe, Ni and Si; but the highest Hg level was found at the Opa-
tovo site, while the highest levels of Cd and V were found at the Perast site.

Nickel (Ni) levels determined in M. galloprovincialis varied between 7.20—
—11.00 mg kg1 for all sampling sites; the maximum level was in mussels from
the Kukuljina site (11.00 mg kg1) and the minimum value was measured at Sv.
Stasija (7.20 mg kg™1). In comparison to other literature reports on the Ni content
in mussels, %11 its content in mussels from the Boka Kotorska Bay may be con-
sidered as elevated. It is suspected that the elevated levels of Ni are primarily the
conseguence of human activitiesin the Bay.
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The concentration levels of Mn and Cr in the mussels at the seven sites
ranged between 10.89-28.68 and 0.74-2.40 mg kg3, respectively. The maxi-
mum concentrations of manganese and chromium were recorded at the Tivat site.
An analysis of the metal content of the Boka Bay sediments prior to its Indus-
trialization period indicated that the sea bed of the Bay is rich in Mn and Cr,12
and that their presence in the mussel soft tissue cannot be entirely anthropogenic.

The Cu concentrations ranged from 5.41 to 15.62 mg kg—1. The maximum
Cu level was found in the Tivat and the minimum in the Herceg Novi mussels.
Copper is an essentia trace element required by all forms of life. In comparison
to other literature reports on the Cu content in mussels, Table 11, the Cu levels
found in the present study were lower than the literature data.

TABLE I11. A comparison of the metal and non-metal concentrations in M. galloprovincialis
found for this study with literature data from other seaworld regions (mg kg1 dry weight)

ilgnt Croatia” Italy”® Slovenia® Turkey’ Morocco® Spain® Spain® Thisstudy
Cu 37111 17.9-156 6.5-49 90260 4.1-43.1 4.42— 6.8-29.9 5.41-15.62
9.65
S — — - - - - - 26,100—
27,700
Cd 0.6-1.0 0.44-1.09 2-4 2.12-34.71 0.36— 0.2-0.77 1.56-3.91
2.84
Cr 1-2.9 — 2.7-10.3 1-3 1.9-28.9 - 2.2-45.7 0.74-2.40
P - - - - - - ~ 5100-6,500
Fe 53.4-719 45.1-754 1,150-4,030 - — 174-715 150680
Ni 0.8-5 1.3-76 2880 1-6 11.7-31.7 - 0.85-19 7.20-11.00
S — — — - - — — 9,800
14,000
Co - - 0.31-2.09 — - - 0.45- 11.71-14.63
2.69
Pb 2—7 2.0-9.0 0.79-115 521 0.1-26.45 0.52- 0.3-6.1 5.50-14.50
8.22
Sn — 0.6-3.9 — - - - 6.7-21 1.40-2.60
V - - - - - - - 0.10-2.30
K - - - 4,230-7,960 - — — 7,000-8,700
Ca - - - 6,960— - — - 1,400-5,900
20,400
Cl - - - - - - - 22,000—
43,400
Zn  59.1-273 60.9-189 73-249 180630 107.4—- 134462 85447 190-570
365.7
Hg — <05 — - 0.01-2.31 0.08- 0.1-0.63 0.32-1.61
0.88
Mn 2-13 72.9-83.19.6-29.8 41-59 7.2-275 - 4.3-15.8 10.89-28.68
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Cobalt is a relatively rare element, present at 0.0025% wi/v in the Earth’'s
crust and 4x10-8 % (w/v) in seawater. It is usually found in Ni, Ag, Pb, Cu and
Fe ores.13 The cobalt levels found in the mussel soft tissue were in the range
11.71-14.63 mg kgL; the maximum found level was at the Tivat (14.63 mg kg1)
and the minimum at the Perast and Krasici sampling sites (11.71 mg kg1). The
relatively high levels of Co in the Boka Bay samples may be explained by its use
as an aloying ingredient together with nickel, chromium, molybdenum and other
elements. It is an important constituent of magnets and batteries, and is also used
as apigment for glass, ceramics and paints. Additionally, it can be used as a paint
drier and as a catalyst in the petroleum and chemical industries. Many fertilizers
are enriched with cobalt in order to amend agricultural soils that are cobalt-
deficient. It can be claimed that the Co pollution of the Boka Bay is of anthro-
pogenic nature, especially in the Tivat area, known as an agricultura area.

The non-essential metals Cd, Pb and Hg are toxic at relatively low concen-
trations.14 Human activities and industrial processes lead to an increase of these
metals in the environment and changes in their levels are good indicators of in-
creased anthropogenic impact.1415

Mussels can accumulate cadmium in their tissues at levels up to 100,000
times higher than the levels observed in the water in which they live.14 Cd con-
centrations in M. galloprovincialis from this coastal area were in the range of
1.56-3.91 mg kgL. Cd occurs naturally in ores together with Zn, Cu and Pb. Cd
compounds are used as stabilizers in PV C products, pigments and in nickel—cad-
mium batteries. The cadmium sources in the investigated mussel samples most
likely originate from pigments in paints for ships and phosphate fertilizers, since
the highest Cd concentrations were found at locations with a port (Perast, Tivat
and H. Novi) and at the Tivat location, known for its high usage of phosphate fer-
tilizers.

Elevated levels of lead were detected in port towns with a high volume of
marine and inland traffic. Pb levels ranged from 5.50 to 14.50 mg kg1, the ma-
ximum level having been found in Tivat. Lead is known to accumulate in the en-
vironment and is dispersed due to anthropogenic activities. Hence, it comes as no
surprise that highest Pb concentrations were found in mussels sampled from the
Tivat location, the site with most anthropogenic activities.

Mercury is the most toxic of the heavy metals, especially in its organic form.
It dramatically impedes bivalve growth. A significant amount of mercury intro-
duced into coastal waters precipitates due to the very low solubility of its result-
ing compounds, and it is retained in sediments of the coastal area. Due to biolo-
gical activity, inorganic mercury may be converted to methyl mercury and re-
leased into the water, where it becomes available to marine organisms.16 Marine
organisms accumulate mercury both by ingestion of contaminated food and by
direct adsorption from the water.16 Levels of Hg for the seven sites were in the
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0.32-1.61 mg kg1 range. The maximum Hg level was found at the Opatovo and
the minimum value at the Kukuljina site. Such high levels of mercury can indeed
be somewhat ascribed to anthropogenic factors, but is important to emphasize
that the Mediterranean is extremely rich in Hg; its basin containing about 65 % of
the total world Hg mineral resources.17:18 Hence, naturally occurring mercury
levels are significant and might in the case of the Boka Bay outweigh anthropo-
genic factors.

The maximum concentration of tin was found at the Tivat site (2.60 mg kg2),
while the minimum value was found at the Sv. Stasija site (1.40 mg kg1). Tin
may be released into the environment from natural (component of many soils)
and anthropogenic (agricultural activities, gases, dusts and fumes containing tin
may be released from smelting and refining processes, industrial uses of tin,
waste incineration, and burning of fossil fuels) sources. There is no evidence that
tin is essential for organisms and, in general, tin-containing compounds are main-
ly released into the environment from anthropogenic sources. Most of the tin
found in a marine environment comes from boat paints containing tributyltin —
TBT,19 which could explain the high Sn content in the mussels sampled at the
Tivat location.

Vanadium concentrations were in the 0.10-2.30 mg kgL range. The maxi-
mum value of V was found in Perast (2.30 mg kg—1), while the minimum value
was measured at the Sv. Stasija site (0.10 mg kg1). As there is no naturally
occurring free vanadium, this metal occurs in seawater either by its absorption
from the atmosphere or by dissolution of sediment as it is found to be a com-
ponent of some minerals. Industrially, vanadium is mostly used as an additive in
the steel industry and in petrochemical products. It is an essential element for
marine organisms and its concentration found in mussels was a thousand times
higher than in seawater.20

Elements such as Fe, Zn, K, Ca, Si, P, S and Cl were determined using the
ED—XREF technique for two reasons: all of the elements analyzed were present in
very high concentrations, and P, S and Cl are non-metals which cannot be deter-
mined by AAS.

The iron concentrations were in the 150-680 mg kg~ range. The maximum
concentration of Fe was found at Kukuljina (680 mg kg1) while the minimum
value was found at Sv. Stasija (150 mg kg1). Iron is an essential trace element
required by all forms of life. In comparison with literature data, it is clear that the
measured Fe concentrations were lower than in other examined areas, Table 111,
indicating that there is no major pollution caused by this element in Boka Ko-
torska Bay.

The concentrations of zinc ranged from 190-570 mg kg—1. The maximum
value of Zn was found at Tivat (570 mg kg1), while the minimum value was
found at Sv. Stasija (190 mg kg1). Zinc is an essentia element and its in vivo
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levels are regulated by most organisms.2! Zinc is not biomagnified. The absorp-
tion of zinc by aquatic organisms tends to be from water rather than food.22 Only
dissolved zinc tends to be bioavailable and the bioavailability depends on the
physical and chemical characteristics of the marine environment, such as. pH,
dissolved organics, water hardness, competing ions, soluble ligands and biolo-
gica processes.23 The increased concentrations of Zn in the investigated samples
compared to other regions, Table |11, could be explained by fact that Zn is used
as a dietary supplement, as well as in the chemical industry and all industries
located along the coastal area of the Bay.23

The concentrations of Si, K, P and S do not vary much amongst the investi-
gated locations, which may indicate common loca inputs and similar dispersion
processes in the study area, with the exception of Ca and Cl. The concentrations
of these two elements are also main factors of seawater salinity, which is ob-
viously related to Perast and St. Stasija, Tables | and |1. Simultaneoudly it can be
noticed that the concentrations of all the investigated elements in mussels were
generaly lower from the sites Sv. Stasija and Perast, except some elements such
as Cr (Sv. Stasija) and V (Perast). It could be concluded that salinity has high
impact on metal accumulation in mussels. Some elements (Cu, Cd, Pb, V and
Hg) were present at lower levels in the mussel from H. Novi (salinity at H. Novi
was higher compared to Perast) than in mussel from Perast, but it could be ex-
plained by the mixing of bay water with open-sea water at the mouth of the Bay.

The silicon concentrations were in the range 26,100-27,700 mg kg-1. Silicon
constitutes 25.7 % of the Earth’s crust by weight and is the second most abundant
element. It is found largely in the form of silicon oxides such as sand (silica),
quartz, rock crystal, amethyst, jasper and opal. Si is the main constituent of
clay,20 and clay is being the main constituent of the Bay bottom. As in the case
of Mn and Cr, it can be concluded that Si is naturally present in the seawater and
mussels of the Bay, explaining its similar and increased level.

The maximum value of P was found at Tivat (6,500 mg kg—1), while the mi-
nimum value was found in H. Novi (5,100 mg kg1). Phosphorus is a natural and
anthropogenic component of an aquatic environment.24 The most important an-
thropogenic inputs of this element in the Boka Kotorska Bay ecosystem are through
the use of fertilizers and detergents.

Chlorides are the most common component of sea water, together with Na,
Mg and SOg, it makes up almost 97 % of the concentrations of all ions.2> After
them, K and Ca are the most common and it is not surprising that the largest
concentrations of these three elements, Cl, K and Ca, were found in the samples:
Cl (22,000-43,400 mg kg1), K (7,000-8,700 mg kg1) and Ca (1,400-5,900 mg
kg1). Anthropogenic input of these three elements is possible because they are
used in many processes and products. Chlorine is used in the production of drink-
ing water, in the production of paper products, textiles, petroleum products, me-
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dicines, insecticides, solvents, paints and plastics; K is used in the preparation of
potassium phosphates for liquid detergents and fertilizers; while Cais commonly
used in cement factories.20

The concentrations of sulfur (S) ranged from 9,800-14,000 mg kg~2. Sulfur
isanatura and anthropogenic component of an aquatic environment. Natural sul-
fur is primarily derived from the dissolution of dead marine organisms, plants
and animals. The formation of sulfur intermediates in marine sediments princi-
paly occurs through the oxidation of sulfide produced during bacterial sulfate
reduction.26 The most important anthropogenic input of this element to a marine
ecosystem is through the use of fuel oil and its presence in fungicides.20 This was
confirmed by the highest concentration of S obtained for mussels sampled at Ti-
vat (14,000 mg kg1), already mentioned as location with the greatest number of
possible pollution sources.

Literature data and data from this study are given in Table Ill to compare
element concentration levelsin the M. galloprovincialis.

The sampled mussels are compared with the available literature data of other
areas of the Adriatic Sea, (Italy, Croatia and Slovenia),10:27,28 and of other Medi-
terranean areas.92%-31 From Table |11, it can be concluded that the heavy metal
concentrations of Cd, Pb, Ni, Hg, Co and Zn are generally higher in the Boka
Kotorska Bay than in mussels from other parts of the Adriatic (Italy, Croatia and
Slovenia). However, this is not case when the levels of these metal are compared
with most industrialized and developed areas in the Mediterranean area (Spain,
Turkey and Morocco)®29-31 |n this case, the concentrations of Cd, Pb, Hg and Ni
in the mussels from the bay are generally lower, Table .

Of all seven investigated locations, the mussel sampled at the Tivat site had
the highest levels of heavy and other metals, suggesting that the highest seawater
pollution is a this site in Boka Kotorska Bay. The total quantity of wastewater
delivered into the sea at the Tivat location is second, compared to Herceg Novi,
indicating that other pollution sources play a role in the case of Tivat: the pro-
ximity of the airport, a military harbor, shipyards, oil tankers and a high usage of
agricultural fertilizers in the hinterland of Tivat. Nevertheless, the hydrological
positions of Tivat and Herceg Novi in the Bay cannot be disregarded: Herceg
Novi is located nearer to the entrance of the bay, experiencing higher seawater
flux and water exchange with the open seain comparison to Tivat.

CONCLUSIONS

More intensive mussel cultivation in the Boka Kotorska Bay, their increasing
consumption, and the possibility of their export to other countries imposes the
need for regular monitoring of seasonal and annua trends of metal concentra-
tionsin the mussels of the Bay, to assess the environmental quality of this marine
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ecosystem as the determined concentrations of Ni, Cu, Cd, Pb, Hg and Zn were
higher than the corresponding MCL value.

It was found that of all of the investigated locations in the Boka Kotorska
Bay, the mussels sampled at the Tivat location contained the highest levels of
toxic metals, primarily due to anthropogenic activities.

The results of this investigation, i.e., the determination of the concentrations
of metal and non-metal elements in mussels, indicate that the degree of pollution
of the Boka Kotorska Bay, which is influenced by anthropogenic activities, is
comparable to other marine environments. A comparison of the concentrations of
the investigated elements found in mussels from the Boka Kotorska Bay to the
other areas of the Adriatic Sea show that the levels Zn and Co, and also of the
heavy metals Ni, Pb, Cd and Hg in the Boka Kotorska Bay are generally higher.
Additionally, it was found that the concentrations of a few very toxic elements,
Cd, Pb, Hg and Ni, were generally lower compared to those determined in mus-
sels sampled from other Mediterranean regions.

Mytilus galloprovincialis as a bio-indicator of metal pollution has and can
continue to provide information about water quality not only in the Boka Ko-
torska Bay, but also aong the whole coast of Montenegro on the southeastern
Adriatic Sea.

Acknowledgement. This research was financed by the Ministry of Education and Science
of the Republic of Serbia, Contract No. 111 43009 and EAR, Contract No. 04SER02/05/007.

U3BOJ

JATHE KAO BUOUMHJJUKATOP KBAJIMTETA MOPCKE BOJE ITPMOBAJbA
BOKOKOTOPCKOTI 3AJIMBA (ITPHA T'OPA)

MHUXAJJIO JOBURY, AHA CTAHKOBUR?, IATUHKA CJIABKOBUR-BECKOCKU?, WJIMJA TOMUR®,
SANDRO DEGETTO" u CJIABKA CTAHKOBUR®

ITexnonowko—meitianypuiku gaxyaitieits, Yrnusepsuitieiti y beozpady, Beozpao, ZHHClﬂuLHyu_/. 3a HYKAeapHe HayKe
Bunua, Ynueep3uitieini y Beozpady, Beozpad, >Unciiuitiyiti 3a xemujy, liexnoa02ujy u mefianypaujy, Ynueepauitieit y
Beozpady, Beozpao u *ICIS-CNR, Envinronmental |ab, Padova, Italy

Menurepancka maBa mkosbka Mytilus galloprovincialis (marma) je xopumhena kao
HMHIKAaTOp HHBoa 3arahema bokoxoTtopckor 3amuBa, L[pHOrOopcko mpumopje — jyroumcrounu Ja-
npad. Cee Beha ypOaHu3alMja U MHAYCTpUjalIn3alyja, JIOU KaHAIM3allMOHH CHCTEM, CBE MHTCH-
3MBHHUjU TOMOPCKH U KOIMHEHH caoOpahaj, cmabo cTpyjame u Maja HUpKyJandja Bojae, JOBOJE 10
cse Beher 3arahema oBor 3anuBa. Kako Cy Telku MeTanun BeOMa TOKCHYHU M HE TOIJIEXKY JIAKO
Ouoerpaganuju, pe3ynTaTH OBOT HCTPaKHBatba Hy/ie BpeJHe HHpOpMaLHje o 3araljeby MeTannMa
U HeMmeTaJuMa nprobasba Boxokoropckor 3anmmBa kopuinhemeM narmu. KoHIeHTpanuje eneme-
HaTa y JarmaMa y3opkoBaHHX y Toky jeceHu 2007 romune onpehuBane cy HmpHMMEHOM aTOMCKe
aricoprmone criekrockoruje (AAS) 3a Cr, Mn, Co, Ni, Cu, Cd, Hg, Pb, Sni V, a eneprercku
nmcrep3uBHa penareHcka Guryopecuentra ananusa (ED-XRF) 3a ogpelhjuBame Fe, Zn, Si, P, S, Cl,
K i Ca ED-XRF je xopumhena ia 6u ce opeano HHBO HEMETalla M €JIeMEHATa NPHCYTHHX Y
BHCOKHMM KOHIeHTpalujama. [lopeauhn pesynrate oBOr MCTpakuBama ca Beh MyOJIMKOBaHUM
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paZoBHMa U3 APYTHX PErHOHA, Jarkhe Y30pKoBaHE Y BOKOKOTOPCKOM 3aIuBY Cy IOKa3alie yMepeH
HUBO 3araljema.

=

ok wN

o

o N

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.
25.

(Ilpumibeno 7., pesuaupano 27. Oxrodpa 2010)

REFERENCES

Government of Montenegro, Spatial Plan of Montenegro Until 2020, http://www.gov.me/
[files/1216637502.pdf (last accessed: September, 2010)

A. Ikem, N. O. Egiebor, J. Food Compos. Anal. 18 (2005) 771

J. Morillo, J. Usero, I. Gracia, Chemosphere 58 (2005) 1421

F. Regoli, Arch. Environ. Contam. Toxicol. 34 (1998) 48

R. T. Angelo, M. S. Cringan, D. L. Chamberlain, A. J. Stahl, S. G. Hadouer, C. A.
Goodrich, Sci. Total Environ. 384 (2007) 467

M. Roméo, C. Frasila, M. G. Barelli, G. Damiens, D. Micu, G. Mustata, Water Res. 39
(2005) 596

U. Sunlu, Environ. Monit. Assess. 114 (2006) 273

A.Y. Cantillo, Mar. Pollut. Bull. 36 (1998) 712

U. Cevik, N. Damla, A. I. Kobya, V. N. Bulut, C. Duran, G. Dalgic, R. Bozaci, J. Hazard.
Mater. 160 (2008) 396

D. Desideri, M. A. Médli, C. Rosdlli, L. Feduzi, J. Radioanal. Nucl. Chem. 279 (2009) 591
P. Szefer, B. S. Kim, C. K. Kim, E. H. Kim, C. B. Lee, Environ. Pollut. 129 (2004) 209
S. Degetto, C. Cantaluppi, D. Desideri, M. Schinitu, S. Stankovic, Z. Kljgjic, in
Proceeding of 7" Int. Conf. Methods and Applications of Radioanalytical Chemistry —
MARC VI, 2006, Kailua-Kona, Hawaii, USA, 2006, p. 83

J. Nechev, K. Stefanov, D. Nedelcheva, S. Popov, Comp. Biochem. Physiol. B 146 (2007)
568

S. T. Culhg, M. Y. Cdlik, M. Culhg, I. Karayucel, A. Gundogdu, J. Anim. Vet. Adv. 7
(2008) 1618

F. X. Han, A. Banin, Y. Su, D. L. Monts, M. J. Plodinec, W. L. Kingery, G. E. Triplett,
Naturwissenschaften 89 (2002) 497

N. Odzak, T. Zvonaric, Z. Kljakovic Gaspic, M. Horvat, A. Baric, Sci. Total Environ. 261
(2000) 61

S. R. Aston, S. W. Fowler, ci. Total Environ. 43 (1985) 13

R. Bargagli, R. Ferrara, B. E. Maserti, <ci. Total Environ. 72 (1988) 123

International Programme on Chemica Safety INCHEM, Tin and inorganic tin
compounds, http://www.inchem.org/documents/cicads/cicads/cicad65.htm (last accessed:
September, 2010)

Web Elements: the periodic table on the web, http://www.webelements.com (last ac-
cessed: September, 2010)

D. G. Hejerick, C. R. Janssen, C. Karlen, I. O. Wallinder, C. Leygraf, Chemosphere 47
(2002) 1073

L. T.Sun, S. S. Jeng, Zool. Stud. 37 (1998) 184

B. Simon-Hertich, A. Wibbertmann, D. Wagner, L. Tomaska, H. Malcolm, Environ.
Health Criteria 221 (2000) 1

Y. Liu, G. Villalba, R. U. Ayres, H. Schroder, J. Ind. Ecol. 12 (2008) 229

F. Culkin, in Chemical Oceanography, Vol. I, J. P. Riley, G. Skirrow, Eds., Academic
Press, London, UK, 1965, p. 121

2011 Copyright (CC) SCS

©

OSE)

EY HMC HD



946

26.

27

28

29.

30

31

JoVIC et al.

B. B. Jergensen, Mar. Biol. 41 (1977) 7
. V. Orescanin, I. Lovrencic, L. Mikelic, D. Barisic, Z. Matasin, S. Lulic, D. Pezelj, Nucl.

Instrum. Methods B 245 (2006) 495

. J. Scancar, T. Zuliani, T. Turk, R. Milacic, Environ. Monit. Assess. 127 (2007) 271
M. Maanan, Environ. Toxicol. 22 (2007) 525
. V. Besada, J. Fumega, A. Vaamonde, Sci. Total Environ. 288 (2002) 239

R. Beiras, J. Bellas, N. Fernandez, J. I. Lorenzo, A. Cobelo-Garcia, Mar. Environ. Res. 56

(2003) 531.

2011 Copyright (CC) SCS

&

OSE)

EY HMC HD



	CoverEV_2011_V76_No6.pdf
	76_No6_Contents
	01_4720_4161
	02_4813_4162
	02_4813_4162_supp
	03_4826_4163
	04_4957_4164
	05_4945_4165
	06_4872_4166
	07_4961_4167
	08_4895_4168
	09_4911_4169
	10_4791_4170
	11_4706_4171
	12_4900_4172


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /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



<<
  /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




