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Abstract: Ammonium iodide on exposure to air decomposes to ammonia and
iodine. The in situ generated iodine was used for the cyclization of 2'-hydro-
xychalcones to the corresponding flavones under solvent-free conditions in
good to excellent yields. This method could serve as an attractive aternative to
the existing methods for synthesis of flavones and the use of toxic molecular
iodine is avoided.

Keywords. flavones; 2'-hydroxychalcone; ammonium iodide; solvent-free; in
situiodine.

INTRODUCTION

There are a number of environmental implications for the use of large volu-
mes of organic solvents since they are utilized in larger quantities than the solutes
they carry and are transferred into the environment through evaporation and
leakage. Due to the increasing concern for the harmful effects of organic solvents
on the environment and human body, organic reactions that are conducted
without conventional organic solvents have aroused the attention of organic che-
mists. Many organic reactions have been reported to proceed efficiently under
solvent-free conditions and some showed enhanced selectivity.1

Therefore, the synthetic endeavors of more and more chemists are devoted
toward nature-friendly syntheses?@ and to reduce the drastic prerequisites of
reactions. Thus, a paradigm shift from using solvents toward solvent-free reac-
tions not only simplifies organic syntheses but also improves process conditions
for large-scale syntheses. Therefore, it is now often claimed that “the best solvent
is no solvent”.20

* Corresponding author. E-mail: ravivarala@gmail.com
doi: 10.2298/JSC120901119K
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910 KULKARNI et al.

Flavonoids are a group of low molecular weight compounds mainly occur-
ring in the plant kingdom and flavones constitute a major class among the
flavonoids. This class of molecules has been extensively investigated and 4000
chemically unique flavonoids have been isolated from plants.3 They continue to
attract a great deal of attention as they possess biological activities, such as anti-
oxidant effects,4 antiviral,> and leishmanicidal activity,® ovipositor stimulant of
phytoalexins,” anti-HIV,8 vasodilator,® bactericidal, 10 DNA cleavage1l anti-
inflammatory,12 antimutagenic,13 anti-allergicl4 and anticancer.15-18 Especially,
flavones (2-phenylchromones) exhibit a wide variety of activities.19

The main known synthetic methods for obtaining flavones are oxidative
cyclization of 2'-hydroxychalcones,20 the cyclodehydration of 1-(2-hydroxyphe-
nyl)-3-phenyl-1,3-propanedione?! and via an intermolecular Wittig reaction.22
Reagents that have been used for the oxidation of 2'-hydroxychalcones and fla-
vanones to obtain flavones are SeO>—pentan-1-ol,20 Pd—C/vacuum,22 | ,-DMS0,23
SeO,-DMS0,24 2,3-dichloro-5,6-dicyanobenzoguinone (DDQ)—dioxane, 2> Nal O4—
-DMS0,%6 nickel peroxide-dioxane,2’ H,0,—NaOH,28 Dowex H*—2-propa-
nol, 23229 SeO,—dioxane, 30 SeO,—3-methyl-1-butanol (isoamyl alcohol),3! Bro—
—NaOH,32 TI(NO3)3-3H,033 and | ~triethylene glycol .34

Most of these methods are of limited use as they suffer from low yields and
often afford a mixture of products containing flavones, flavanones and aurones.18
Furthermore, these procedures require prolonged reaction times, use of harsh
organic solvents, high temperatures, expensive catalysts or hazardous reaction
conditions. Hence, there is scope for the development of new methods for the
synthesis of flavones using easily available, inexpensive and eco-friendly reagents.

Synthesis of flavones from 2'-hydroxychalcone using iodine in dimethyl sul-
foxide is reported in the literature.23 However, molecular iodine is highly cor-
rosive, toxic and expensive, making its use somewhat unattractive. In order to
overcome the problems associated with molecular iodine, herein, for the first
time, the oxidative cyclization of 2'-hydroxychalcones to flavones by in situ
generated iodine from ammonium iodide in the presence of air under solvent-free
conditions is reported. However, the use of ammonium iodide in organic syn-
thesisisvery rare; it is used in the iodination of aromatic compounds with ozone
as the oxidizing agent.3> Recently there was a report on the use of ammonium
iodide and H2O> in organic synthesis for iodination of ketones and aromatic
compounds, and dethioacetalization.38 In continuation of ongoing interest in the
development of novel synthetic methodologies, particularly of carbon—carbon
and carbon-heteroatom bond formation of biologically relevant heterocycles,3’
brief findings are reported herein on the use of ammonium iodide in the oxidative
cyclization of 2'-hydroxychalcone to flavones.
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EXPERIMENTAL

2'-Hydroxychalcones (1la—q) were prepared by base-catalyzed condensation between
2-hydroxyacetophenone and the appropriate benzaldehyde using a literature procedure.38
2-Hydroxyacetophenone, substituted benzaldehydes, ammonium iodide and solvents were
purchased from Loba Chemicals, Merck and Sigma-Aldrich. Progress of the reaction was
monitored by TLC. All the yields were calculated after purification of the products by column
chromatography using EtOA c:petroleum ether (1:4, boiling range 4060 °C) on silicagel. The
melting points of the compounds were determined in open capillary tubes and are uncorrected.
The IR spectra were recorded on a Perkin-Elmer FTIR-1710 spectrophotometer. The 1H-NMR
and 13C-NMR spectra were recorded at room temperature on Bruker AC-250 spectrometers
using TMS as an internal standard.

General procedure for the preparation of flavones (2a—q)

A mixture of 1.0 mmol of 1 (2'-hydroxychalcone) and ammonium iodide (0.1 mmol) was
heated in air under neat condition at 120 °C for 1 h. After completion of the reaction, the
reaction mixture was cooled to room temperature and poured into 20 mL water. The formed
precipitate was filtered, washed with 10 % sodium thiosulfate (3x10 mL) and then with 5 mL
ice-cold ethanol. The crude product obtained was purified by column chromatography (silica
gel, ethyl acetate—petroleum ether (1:4)) to give pure flavone (2).

RESULTS AND DISCUSSION
Ammonium iodide gradually turns yellow on standing in moist air, owing to
decomposition with liberation of iodine39 and this was utilized for the oxidative
cyclization of 2'-hydroxychal cones to their corresponding flavones (Scheme 1).
Rs

R4
NH,I

Ry OH R R1
O | & 3 Neat, 120 °C
2 Heat in air

Scheme 1. Synthesis of flavones using NHyl.

For this purpose, 2’-hydroxychalcones (1a—q) were synthesized using easily
accessible starting materials, substituted 2-hydroxyacetophenones and el ectroni-
cally divergent benzaldehydes in good to excellent yieldsin presence of base.38 It
was observed that 1-(2-hydroxyphenyl)-3-phenylprop-2-en-1-one (1 mmol, 1a)
when heated with a solution of ammonium iodide (10 mol %) in DMSO at 120
°C becomes transformed to the corresponding flavone (2a) in 1 h in good yield
(88 %). The reaction was monitored by TLC and the structure of product was
confirmed by spectroscopic data. The IH-NMR spectra of 2a showed a singlet at
6.86 due to 1H of 3H, i.e,, pyrone ring, which isthe characteristic singlet for flavo-
nes. Such observed IH-NMR data and the complete absence of a peak near 12.73
ppm due to an ortho-hydroxy group is in agreement with the oxidation of the
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912 KULKARNI et al.

chalcone into the corresponding flavone. Among the solvents screened for opti-
mum conditions for the transformation, DMSO was found to be the most suit-
able, as is obvious from the data presented in Table |. Of the tested solvents,
ethanol (reflux) and diethylene glycol (120 °C) gave poor or no yields. The same
reaction was explored under neat conditions and, to our utmost satisfaction, pro-
duct 2a was obtained in agood isolated yield (92 %).

TABLE I. Cyclization of 2'-hydroxychalcone in different solvents using ammonium iodide;
reaction conditions: 2'-hydroxychalcone (1 mmol), NH4l (0.1 mmol)

Entry Solvent Time, h Yield? % Product
DMSO 1 88 Flavone (2a)

2 DMF 4 72 Unidentified compound

3 EtOH 12 10 Flavone (2a)

4 Diethylene glycol 12 0 No reaction

5 Solvent free 1 92 Flavone (2a)

8 solated yield

In the absence of NHyl, only the starting materials were isolated from the
reaction mixture, even after 12 h. This indicates that the reagent exhibits high
catalytic activity in this transformation. In order to evaluate the most appropriate
reagent loading, the above test reaction was performed using 5, 10 and 20 mol %
of NH4l under solvent-free conditions. It was found that 10 mol % of the reagent
showed maximum yield in the minimum time at 120 °C. Further increasing of the
reagent loading did not affect the yield.

Having optimized the reaction parameters (10 mol % NHy4l, heating at 120
°Cinopen air under neat conditions), this methodol ogy was extended to the other
2'-hydroxychal cones and the results are presented in Table |1. The substituents on
B ring of 2’-hydroxychalcones were varied from electron donating to electron
withdrawing and in all the cases, the studied the transformation went smoothly to
yield the corresponding flavones in good yield.40 Contrary to previously reported
methods, this procedure tolerates a wide range of substituents, such as methyl,
chloro, methoxy, bromo, hydroxyl, N,N-dimethylamino and nitro. Generaly, it
was observed that oxidation of substrates with unprotected hydroxyl groups on
the aromatic rings gave poor yields. However, it was found that this new reagent
is equally suitable and efficient for the oxidation of such derivatives (entries 15
and 16).

The mechanism of this reaction is still not clear. However, the reaction path-
way shown in Scheme 2 is tentatively proposed. Initialy, electrophilic addition
of iodine to the enone to form 3, followed by elimination of HI with oxidative
cyclization yielding 5. A g-elimination of HI from 5 gave flavone 2. In support of
this mechanism, the model reaction on a relatively larger scale (10 mmol) was
performed and during the course of reaction, the pH of aqueous layer was
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measured. The pH was found to be acidic, confirming thereby the elimination
product to be HI.

TABLE Il. Cyclization of 2'-hydroxychalcone to flavones using NHy4l under solvent free con-
ditions; reaction conditions. 2'-hydroxychalcone (1 mmol), NH4l (0.1 mmol) under neat
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condition
Entry Chalcone R! R2 R3 R4 R5 Flavone Yiddd % M.p.,°C
1 la H H H H H 2a 92 97402
2 1b H H H OMe H 2b 89 157402
3 1c H H OMe OMe OMe 2c 82 174402
4 1d H H H Cl H 2d 94 189400
5 le H H H Me H 2e 79 11040c
6 1f H H OMe OMe H 2f 82 15440d
7 1g H H OMe H H 29 78 132402
8 1h H Cl H H H 2h 74 11840f
9 1i H cl H Cl H 2i 81 17240
10 1 H H H NO, H 2 75 24240
11 1k OMe H H OMe H 2k 79 14340k
12 1 H OMe H OMe H 2l 84 9540k
13 1m H H H Br H 2m o1 1774
14 in H H Br H H 2n 93 11540m
15 1o OH H H H H 20 71 240409
16 1p OH H H OMe H 2p 67 264400
17 1q H H H NMe H 2q 72 19240n
3 solated yield after purification
OH Ar in situ lodine
| from NH! Ar OH_ Ar
Neat, 120 °C, air -H|
-elimination
o] p- S
1 3 4
0
[ I jl -HI ( I I
B-elimination
(e}
Flavone (2)

Scheme 2. Possible mechanism of flavone synthesis using NHyl via oxidative cyclization.

In conclusion, an efficient general method for the conversion of 2'-hydroxy-
chalcones to the corresponding flavones using in situ generated iodine is

CONCLUSIONS
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914 KULKARNI et al.

reported. The products were obtained in a shorter time, in high yields, and
employed a less hazardous and inexpensive reagent than molecular iodine. Other
attributes include its applicability to substrates bearing electron donating and
electron withdrawing as well as afree hydroxyl group on the B ring of chalcones.
Thus, this methodology would serve as attractive alternative to the use of toxic
molecular iodine.
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U3BOJ

HUKIHU3AIUIA 2'-XUIPOKCHUXAJIKOHA 1O ®JTABOHA YIIOTPEBOM
AMOHHWIJYM-JOOUIA KAO U3BOPA EJIEMEHTAPHOT JOJA —
EKOJIOIIKHY IMTPUXBAT/bUB ITPUCTVYII

PRAMOD S. KULKARNIZ, DASHARATH D. KONDHAREZ, RAVI VARALA' u PUDUKULATHAN K. ZUBAIDHA®

1School of Chemical Sciences, Swami Ramanand Teerth Marathwada University, Nanded, Maharashtra
- 431 606, India n ZDepartment of Chemistry, AP-IIIT Basar, Rajiv Gandhi University of Knowledge
Technologies, Mudhole, Adilabad, Andhra Pradesh — 504 107, India

AMOHHjyM-jooup ce y MPUCYCTBY Ba3fyxXa pasjaxe Ha aMOHHWjaK M €JIEMEHTAapHH jOf.
['eHepHCaH i1 situ'y PeaklIMOHOj CMEIH, joi oMmoryhasa IHUKIH3alHjy 2'-XUAPOKCUXAIKOHA JI0
onrosapajyhux ¢raBoHa, y 0fCyCcTBY pacTaBapaya, y OLJTMYHOM NpHHOCY. ITocTynak ce Moxe
KOPHUCTHUTH Kao Jodpa ajaTepHaTHBA nocTojehuM Metonama cuHTese (piaBoHa.

(ITpumisero 1. centembpa, pesuaupano 30. okrodpa 2012)
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SHORT COMMUNICATION
An efficient and facile synthesis of flavanones catalyzed by
N-methylimidazole

PENG WANG, JJABIN YANG, JIN CAI2, CHUNLONG SUN?, LUSHEN LIt
and MIN JI2*

1school of Biological Science & Medical Engineering, Southeast University, Nanjing 210096,
China and 2 School of Chemistry & Chemical Engineering, Southeast University,
Nanjing 210096, China

(Received 29 June 2012)

Abstract: The use of N-methylimidazole as an efficient catalyst for the cyc-
lization of 2'-hydroxychalcones to the corresponding flavanones in DM SO was
investigated. The scope of this process was studied and various flavanones
were obtained exclusively in good yields.

Keywords. 2'-hydroxychal cones; flavanones; N-methylimidazole.

INTRODUCTION

The flavanone structure is abundant in natural products that possess a broad
array of biological activity.1 Due to their favorable anti-cancer, anti-estrogen and
anti-inflammatory properties, flavanones have been investigated as selective
estrogen receptor modulators and tumor necrosis factor (TNF)-« inhibitors.2
Moreover, these kinds of compounds are important intermediates in the synthesis
of flavanone glycosides and 2-aryl chromans.3 These compounds have been syn-
thesized by the cyclization of 2'-hydroxychalcones, that is, by an intramolecular
oxa-Michael addition (Scheme 1) using various reagents, such as potassium ferri-
cyanide? iodine® alkali metal carbonates® and trifluoroacetic acid.” Despite
these impressive contributions, more efficient and practical catalytic systems for
the synthesis of flavanones are still in high demand.

Recently, severa reports referred to N-methylimidazole as a co-catalyst for
aldol, Claisen and other reactions. Moreover, Lin reported an aza-Michael addi-
tion catalyzed by N-methylimidazole.8 Inspired by these findings, herein the use
of N-methylimidazole as an efficient catalyst that facilitates the cyclization of 2'-
hydroxychalconesin high yieldsis presented.

* Corresponding author. E-mail: jimin@seu.edu.cn
doi: 10.2298/JSC120629157W
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(0] 0]
Ry O | N-methylimidazole Ry O
Ry OH O Rs  DMSO,80°C R; o O Rs
R, R,
1a-k 2a-k

Scheme 1. N-Methylimidazole catalyzed cyclization of 2’-hydroxychal cones.

RESULTS AND DISCUSSION

First, optimization experiments involving 2'-hydroxychalcone (1a) as the test
substrate were performed, these focused on the determination of the effect of the
solvent and the amount of N-methylimidazole. The results are summarized in
Table I. The reaction was realized in three different solvents, viz., dichlorome-
thane, acetonitrile, and DMSO (Table I, entries 1-3). It was observed that a
higher yield of the flavanone 2a was achieved in DM SO compared with those in
the other two solvents, which led DM SO to be chosen for all further studies. The
importance of the N-methylimidazole was confirmed by the fact that no product
2a was obtained in the absence of N-methylimidazole (Table I, entry 4).
Subsequent studies indicated that 20 mol % N-methylimidazole was the optimal
amount. The product 2a was obtained in 90 % yield after 6 hin DMSO at 80 °C,
while only trace amounts of 2a were observed at room temperature (Table I,
entry 7).

TABLE I. Optimization of the solvent and the amount of N-methylimidazole
0] 0]

O | N-methylimidazole O
OH O DMSO, 80 °C 0

1a 2a

Entry Solvent N-methylimidazole (equiv.) Time, h Yield? %
1 CH,Cl, 0.2 6 30

2 CH3CN 0.2 6 75

3 DMSO 0.2 6 90

4 DMSO - 6 N.R.

5 DMSO 0.1 12 85

6 DMSO 05 6 90

7° DMSO 0.2 12 trace

3 solated yield after column chromatography; Pat room temperature

To evauate the scope of the substrate of this methodology, a variety of
2'-hydroxychalcones were examined in the reaction, and the results are sum-
marized in Table Il. In al cases, the optimized conditions described previously
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proved to be applicable. Good to excellent results were achieved for 4-chloro and
4-methyl substituents (Table I, entries 8 and 10). However, the 4-fluoro group
significantly decreased the yield (Table |1, entry 9). 4-Methoxyl and 3-nitro sub-
stitutes afforded the corresponding flavanones in good yields (Table I1, entries 7
and 11). Additionally, substitutions at the R or R, positions were also tolerated
(Tablell, entries 2-6).

TABLE Il. Scope of the cyclization of 2'-hydroxychalcones; the reactions were carried out
with 1 mmol 2’-hydroxychalcones and 0.2 mmol N-methylimidazole in DMSO (1 mL) at 80
°C, 6h

Entry Rl R2 R3 R4 Product Yleld, %
1 H H H H 2a 90
2 CHj; H H H 2b 87
3 CHs, H H CHsq 2 76
4 CH,O H H H 2d 89
5 H CH50 H H %e 9
6 H CH,0 H CH3O of 798
7 H H NO, H 2g 86
8 H H H Cl 2h 87
9 H H H F 2i 652
10 H H H CHs; 2 87
1 H H H CH0 2k 902

#At 100°C, 8h

EXPERIMENTAL

Commercial reagents were used as received. Analytical-grade solvents and commercially
available reagents were used without further purification. For product purification by flash
column chromatography, silica gel (200300 mesh) and light petroleum ether (PE, b.p. 60-90
°C) are used. The IR spectra were recorded on a Bruker Tensor 37 spectrophotometer as liquid
film. The 1H- and 13C-NMR spectra were taken on a Bruker AM-300 spectrophotometer with
tetramethylsilane (TMS) as an internal standard and CDCl5 as the solvent. Melting points
were measured on a WRS-2A melting point apparatus and are uncorrected. Electron impact-
mass spectrometry (EI-MS) was redlized on a HP-5988 spectrometer. Elementary analyses
were performed on aVario EL |11l elementary analysisinstrument.

General procedure for the synthesis of flavanones

N-Methylimidazole (0.2 mmol) was added to a solution of 2'-hydroxychalcone 1a (224
mg, 1 mmol) in DMSO (1 mL). After stirring the reaction mixture at 80 °C for 6 h, it was
guenched by adding water and the resulting mixture was extracted with AcOEt, washed with
water and brine, and dried over MgSO,. The crude product was purified by flash chroma-
tography on silica gel to afford the desired product. The other flavanones were synthesized in
asimilar manner.

Characterization of the flavanones

The structures of the synthesized flavanones were confirmed by elemental analysis and
spectroscopic methods. The results are given in the Supplementary material to this paper.
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CONCLUSIONS

In summary, a facile and efficient cyclization of 2'-hydroxychalcones using
N-methylimidazole as a catalyst in DM SO is reported. Good yields of flavanones
were obtained for a variety of 2'-hydroxychalcones. Extension of this
methodology is presently under active study.

SUPPLEMENTARY MATERIAL

Analytic and spectral data for the synthesized flavanones are available electronically
from http://www.shd.org.rs/JSCS/, or from the corresponding author on request.
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2-Phenylchroman-4-one (2a). Yield: 90 %; m.p.: 77-78 °C; Anal. Calcd. for
C15H120,: C, 80.34; H, 5.39 %. Found: C, 80.03, H 5.62 %; IR (KBr, cm™!):
1688 (s). ITH-NMR (300 MHz, CDCl3, 6 / ppm ): 2.75-3.15 (2H, m, J = 13.2 Hz),
5.51 (1H, dd, J=13.2 and 3.0 Hz), 7.04-7.93 (9H, m, J = 3.0 Hz); 13C-NMR (75
MHz, CDCl3, 6 / ppm): 192.5, 162.1, 139.0, 136.6, 129.3, 129.2, 127.4, 126.6,
122.2, 121.3, 118.5, 80.1, 45.0; EI-MS 224 (M*, 100), 223 (93), 147 (54), 120
(83), 92 (44), 77 (11).

6-Methyl-2-phenylchroman-4-one (2b). Yield: 87 %; m.p.: 104—105 °C (lit.
104 °Cl); Anal. Calcd. for C16H1405: C, 80.65; H, 5.92 %. Found: C, 80.90; H,
6.17 %; IR (KBr, cm1): 1700 (s); IH-NMR (300 MHz, CDCls, 6 / ppm): 2.46
(3H, ), 2.90 (2H, dd, J = 13.2 and 3.0 Hz), 5.41 (1H, dd, J = 13.2 and 3.0 Hz),
7.04-7.90 (8H, m); 13C-NMR (75 MHz, CDCl3, J / ppm): 192.4, 159.8, 137.1,
135.3, 131.0, 128.9, 128.7, 127.8, 127.5, 120.7, 117.6, 71.3, 52.5, 20.5. EI-MS
(m/z (relative abundance, %)): 238 (M, 100), 104 (23).

6-Methyl-2-(p-tolyl)chroman-4-one (2¢). Yield: 76 % m.p.: 90-91 °C (lit.
89-90 °C2). Anal. Calcd. for C;7H1602: C, 80.93; H, 6.39 %. Found: C, 80.67;
H, 6.51 %. IR (KBr, cm™1): 1690 (s); IH-NMR (300 MHz, CDCl3, & / ppm): 2.33
(3H, s), 2.38 (3H, s), 2.96 (2H, dd, J = 13.2 and 2.7 Hz), 5.42 (1H, dd, J = 13.2
and 2.7 Hz), 6.94-7.72 (7H, m); 13C-NMR (75 MHz, CDCl3, 6 / ppm): 190.4,
159.8, 138.5, 137.3, 135.9, 130.9, 129.5, 126.6, 126.2, 120.7, 117.9, 79.2, 44.1,
21.5, 20.3. EI-MS (m/z (relative abundance, %)): 252 (M*, 100), 237 (18), 134
(12), 104 (13).

* Corresponding author. E-mail: jimin@seu.edu.cn
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6-Methoxy-2-phenylchroman-4-one (2d). Yield: 89 %; m.p.: 134-135 °C (lit.
136 °Cl); Anal. Calcd. for C1gH;403: C, 75.57; H, 5.55 %. Found: C, 75.90; H,
5.72 %; IR (KBr, cm1): 1676 (s). IH-NMR (300 MHz, CDCls, 6 / ppm): 2.87
(2H, dd, J = 13.3 and 3.0 Hz), 3.75 (3H, s), 5.37 (1H, dd, J = 13.3 and 3.0 Hz),
6.95-7.50 (8H, m); 13C-NMR (75 MHz, CDCls3, J / ppm): 192.5, 156.8, 154.6,
139.1, 129.2, 129.1, 126.6, 125.8, 121.2, 119.9, 107.7, 80.1, 56.2, 45.1; EI-MS
(m/z (relative abundance, %)): 254 (M*, 81), 177 (19), 150 (100), 107 (18).

7-Methoxy-2-phenylchroman-4-one (2e). Yield: 90 %; m.p.: 90-91 °C (lit.
90-91 °C3); Anal. Calcd. for C16H403: C, 75.57; H, 5.55 %. Found: C, 75.82;
H, 5.80 %; IR (KBr, cm™1): 1679 (s); IH-NMR (300 MHz, CDCl3, 6 / ppm): 2.83
(1H, dd, J=16.9 and 3.1 Hz), 3.05 (1H, dd, J = 16.9 and 13.2 Hz), 3.84 (3H, s),
5.45 (1H, dd, J=13.2 and 3.0 Hz), 6.51 (2H, d, J= 2.4 Hz), 6.63 (1H, dd, J = 8.8
and 2.4 Hz), 7.37-7.51 (4H, m), 7.89 (1H, d, J = 8.8 Hz); 13C-NMR (75 MHz,
CDCl3, 6 / ppm): 191.0, 166.7, 164.0, 139.2, 129.3, 129.2, 126.7, 115.2, 110.8,
101.3, 80.4, 56.0, 44.7; EI-MS (m/z (relative abundance, %)): 252 (M™, 100), 253
(65), 177 (62), 150 (65).

7-Methoxy-2-(4-methoxyphenyl)chroman-4-one (2f). Yield: 79 %; m.p.: 94—
—95 °C (lit. 94-95 °C3); Anal. Calcd. for C17H¢04: C, 71.82; H, 5.67 %. Found:
C, 71.69; H, 5.84 %; IR (KBr, cm™1): 1679 (s); lH-NMR (300 MHz, CDCl3, 6 /
/ ppm): 2.80 (1H, dd, J=16.9 and 2.9 Hz), 3.06 (1H, dd, J = 16.9 and 13.2 Hz),
3.84 (6H, s), 5.43 (1H, dd, J = 13.2 and 2.9 Hz), 6.48 (1H, d, J = 2.4 Hz), 6.62
(1H, dd, J = 8.8 and 2.4 Hz), 6.96 (2H, d, J = 6.7 Hz), 7.40 (2H, d, J = 6.7 Hz),
7.87 (1H, d, J = 8.8 Hz); 13C-NMR (75 MHz, CDCl3,  / pm): 191.2, 166.7,
163.9, 160.4, 131.2, 129.1, 128.0, 115.2, 114.6, 110.7, 101.3, 80.2, 56.1, 55.8,
44.5; EI-MS 284 (M™, 100), 283 (57), 177 (30), 134 (98), 121 (45).

2-(3-Nitrophenyl)chroman-4-one (2g). Yield: 86 %; m.p.: 143—145 °C (lit.
142 °C#); Anal. Calcd. for C;5H;1NOg4: C, 66.91; H, 4.12; N, 5.20 %. Found: C,
66.52; H, 4.33; N, 5.43 %; IR (KBr, cm™!): 1693 (s); !H-NMR (300 MHz,
CDCl3, ¢ / ppm): 2.96 (1H, dd, J = 16.8 and 3.2 Hz), 3.09 (1H, dd, J = 16.8 and
12.8 Hz), 5.61 (1H, dd, J=12.8 and 3.2 Hz), 7.12 (2H, m), 7.56-7.64 2H, m, J =
= 8.0 and 1.6 Hz), 7.81 (1H, m), 7.95 (1H, dd, J = 8.0 and 1.6 Hz), 8.26 (1H, m),
8.42 (1H, ¢, J = 2.0 Hz); 13C-NMR (75 MHz, CDCl3. 6 / ppm): 190.8, 160.9,
148.6, 141.0, 136.4, 131.9, 130.0, 127.2, 123.6, 122.3, 121.2, 120.7, 118.0, 78.2,
44.5; EI-MS (m/z (relative abundance, %)): 269 (M™, 35), 268 (40), 147 (100),
121 (33), 120 (66), 92 (99).

2-(4-Chlorophenyl)chroman-4-one (2h). Yield: 87 % m.p.: 84-85 °C (lit.
84-85 °C2); Anal. Calcd. for C15H11ClO,: C, 69.64; H, 4.29 %. Found: C, 69.37;
H, 4.58 %; IR (KBr, cm1): 1692 (s); IH-NMR (300 MHz, CDCl3, 6 / ppm): 2.87
(1H, dd, J=17.2 and 3.2 Hz), 3.06 (1H, dd, J=17.2 and 13.2 Hz), 5.48 (1H, dd,
J=13.2 and 3.2 Hz), 7.05 (2H, m), 7.45 (4H, m), 7.52 (1H, m), 7.93 (1H, dd, J =
= 8.0 and 2.0 Hz); 13C-NMR (75 MHz, CDCls, 6 / ppm): 191.5, 161.2, 137.1,
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136.3, 134.6, 128.9, 127.5, 127.1, 121.9, 120.9, 118.1, 78.9, 44.6; EI-MS (m/z
(relative abundance, %)): 258 (M, 70), 257 (100), 223 (28), 147 (65), 120 (67),
92 (75).

2-(4-Fluorophenyl)chroman-4-one (2i). Yield; 65 %; m.p.: 79-80 °C (lit.
78-79 °C3); Anal. Calcd. for C;5H11FO,: C, 74.37; H, 4.58 %. Found: C, 74.52;
H, 4.85 %; IR (KBr, cm1): 1695 (s); lH-NMR (300 MHz, CDCl3, 6 / ppm): 2.88
(1H, dd, J=16.8 and 2.8 Hz), 3.08 (1H, dd, J = 16.8 and 13.2 Hz), 5.49 (1H, dd,
J=13.2 and 2.8 Hz), 7.10 (4H, m), 7.47 (2H, m), 7.52 (1H, td, J = 8.4 and 1.6
Hz), 7.93 (1H, dd, J = 8.0 and 2.0 Hz); 13C-NMR (75 MHz, CDCl3, § / ppm):
191.8, 162.8, 161.4, 136.2, 134.6, 129.9, 127.2, 121.8, 120.9, 118.0, 115.8, 79.0,
44.6. EI-MS (m/z (relative abundance, %)): 242 (M, 56), 241 (86), 147 (43), 122
(40), 121 (36), 120 (68), 92 (100), 63 (23).

2-(p-Tolyl)chroman-4-one (2j). Yield: 87 %; m.p.: 82-83 °C (lit. 8284
°C%); Anal. Calcd. for C;¢H1405: C, 80.65; H, 5.92. Found: C, 80.79; H, 6.16 %;
IR (KBr, cm!): 1696 (s); lH-NMR (300 MHz, CDCl3, 6 / ppm): 2.38 (3H, s),
2.88-3.12 (2H, m), 5.43 (1H, dd, J = 13.8 and 2.0 Hz), 7.03-7.06 (2H, m), 7.23
(2H, d, J= 8.0 Hz), 7.36 (d, 2H, J = 8.0 Hz), 7.49 (m, 1H), 7.93 (dd, 1H, J= 8.5
and 2.0 Hz); 13C-NMR (75 MHz, CDCls, 6 / ppm): 192.3, 161.8, 138.9, 136.2,
135.6, 129.6, 127.2, 126, 3, 121.8, 120.9, 118.3, 77.5, 44.6, 21.3; EI-MS (m/z
(relative abundance, %)): 238 (M™, 100), 237 (86), 161 (56), 134 (32), 104 (23).

2-(4-Methoxyphenyl)chroman-4-one (2k). Yield: 90 %; m.p.: 97-98 °C (lit.
98 °C7); Anal. Caled. for C;6H1403: C, 75.57; H, 5.55 %. Found: C, 75.72; H,
5.78 %; IR (KBr, cm1): 1690 (s); IH-NMR (300 MHz, CDCls, 6 / ppm): 2.86
(1H, dd, J=16.8 and 2.8 Hz), 3.10 (1H, dd, J = 16.8 and 13.3 Hz), 3.84 (3H, s),
5.43 (1H, dd, J = 13.3 and 2.8 Hz), 6.96 (2H, d, J = 8.7 Hz), 7.02-7.08 (2H, m),
7.41 (2H, d, J = 8.7 Hz), 7.46-7.53 (1H, m), 7.93 (1H, dd, J = 8.3 and 1.7 Hz);
I3C-NMR (75 MHz, CDCl3, 6 / ppm): 192.7, 162.1, 160.4, 136.5, 131.2, 128.2,
127.4, 122.0, 121.3, 118.5, 114.6, 79.8, 55.9, 44.9; EI-MS (m/z (relative
abundance, %)): 254 (M™, 65), 253 (48), 147 (16), 134 (100).
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Abstract: In this study, the reusability and process stability of nano-reengi-
neered horseradish peroxidase was investigated in a fluorescence-based sensing
system for hydrogen peroxide determination as a model application. To this
end, dendron macromolecules were attached to the enzyme surface through
bio-conjugation techniques. The resulting enzyme—polymer nanoparticles, with
an average size of 14(x2) nm, showed significant life time and thermal stabi-
lity. For enzyme recovery and reusability purposes, the enzyme-polymer nano-
particles were |labelled with magnetic nanoparticles with alabelling yield of 90 %.
These labelled enzyme molecules showed significant process stability, i.e., up
to 7 recycling period in amodel sensing system. A linear calibration curve was
obtained over a hydrogen peroxide concentrations range from 5x108 to 1x105
mol L1, with a detection limit of 1.3%10° mol L1 for the sensing system under
the optimal conditions.

Keywords. horseradish peroxidase; nano-reengineered enzyme; magnetic nano-
particles; recyclable biocatalyst.

INTRODUCTION

Enzymes, nanometric biocatalysts that play a key role in biochemical reac-
tions of living cells and bio-organisms, offer various applications, including bio-
sensing, bioremediation and chemical synthesisl—3 due to their specificity.4>
Nevertheless, the relatively short lifetime of enzymes and their instability in
harsh environments (elevated temperature and organic media) limit their applica-
tions.4 Enzyme stabilization can provide several advantages including: 1) decrease
in the amount of enzyme required, 2) life time prolongation and 3) enhancement
in the potential for enzyme reuse.2:6

* Corresponding author. E-mail: vosoughi @sharif.edu
doi: 10.2298/J5C120930133K
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There have been severa approaches to improve enzyme stability that are
mainly categorized into enzyme immobilization (entrapment on solid surfaces or
within porous materials,”:8 trapping in gels,® polymerslO or composite mate-
rialsll), surface modification, protein engineering and reaction medium engineer-
ing_12—14

The economics of a bio-catalytic process can be enhanced by enzyme reuse.
One of the most attractive methods of separating the enzyme molecules from the
reaction solution is utilizing magnetic nanoparticles-enzyme conjugates.1®16 The
magnetic nanoparticles can attach to the enzyme surface through conjugation
methods or they can play the role of a support for enzyme immobilization. Sus-
pended super-paramagnetic particles in solution can be removed from a reaction
mixture using an external magnet, but they do not agglomerate after removal of
the external magnetic field.1/

In the past years, magnetic nanoparticles have been widely used as biomole-
cule-carriers for the immobilization of various enzymes.18-21

However, the activity and stability of enzyme immobilized on these magne-
tic nanoparticles will greatly depend on the environmental factors, such as pH,
temperature and organic solvent.l’ To improve this limitation, Yang and co-
workers fabricated magnetic single enzyme nanoparticles through encapsulation
of each single glucose oxidase molecule in a thin composite layer of magnetic
nanoparticles and polymer.17 In a previous work, a simple method was proposed
for the fabrication of enzyme-polymer nanoparticles using dendritic polymers,
which improved the enzyme stability through bio-conjugation of polyester den-
dron macromolecules to the primary amino groups on the enzyme surface. The
approach represents a novel way of modifying and stabilizing enzymes as the
fabricated horseradish peroxidase—polymer nanoparticles exhibited significant
life-time stability up to 70 days, whereas free horseradish peroxidase (HRP) lost
its activity after several days.22 These enzyme—polymer nanoparticles could
readily be labelled with magnetic nanoparticles for further enzyme recovery and
reused by employing an external magnetic field for enzyme separation from the
reaction mixture.

The present study was aimed at evaluating the process stability and reus-
ability of magnetic-labelled dendritic modified enzymes. As a model application
of HRP, a hydrogen peroxide (H2O5) sensing system was designed based on the
generation of a fluorescent agent from the reaction of homovanillic acid (HVA)
and HyO» in the presence of the stabilized HRP.23.24 This simple and model
enzyme-based process was used to investigate the stability and reusability of the
labelled modified enzyme. In addition, the sensing conditions were optimized for
this nano-reengineered HRP and also the linear range and detection limit of the
sensing system were examined. Furthermore, as a real test, the HoO»> content of
some excipient samples was assessed. Excipients are the inactive part of drug
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formulations that have some roles, such as binder, filler or dispersing agent, for
the active drugs. Drug chemical stability could be significantly decreased by im-
purities present in formulation excipients. Hydrogen peroxide is one of the im-
purities that could oxidize drugs. For example, the presence of residual H>Oo in
poly(vinylpyrrolidone) (PVP) as a pharmaceutical excipient is reported to be the
main agent in drug oxidation and deactivation.2>26

EXPERIMENTAL
Materials

Horseradish peroxidase (HRP), 3,3',5,5'-tetramethylbenzidine (TMB), N-hydroxysul pho-
succinimide (Sulpho-NHS), 2-(4-morpholino)ethanesulphonic acid (MES), 1-ethyl-3-[3-(di-
methylamino)propyl]carbodiimide hydrochloride (EDC) and ethylenediamine (EDA) were
purchased from Merck (Germany). Polyester-32-hydroxyl-1-carboxyl bissMPA Dendron
(Generation 5, M,, 3617 g mol-1) and HVA were purchased from Sigma-Aldrich (USA). A
solution of Fe;0,4 nanoparticles (7 vol. %) was purchased from PlasmaChem (Germany). All
other chemicals were of analytical grade and used without further purification. De-ionised
(DI) water (resistivity of 18 MQ cm) was obtained from a Millipore Milli-Q Water System
(Millipore Inc.), and was used for rinsing and for makeup of all aqueous solutions.

Methods

Enzyme—polymer bio-conjugation. As reported in a previous work, a dendritic polymer
with a carboxylic group core was conjugated to amine group residues of HRP for stability
enhancement.?2 Briefly, the dendron was dissolved in MES buffer (pH 6.0, 0.05 M) at a con-
centration of 1 mg mL-1. EDC and Sulpho-NHS were added to reach the final concentrations
of 2 mM for EDC and 5 mM for Sulpho-NHS. They were mixed and reacted for 15 min at
room temperature. Then, an HRP solution (1 mg mL1 in 0.1 M phosphate buffer of pH 7.5)
was added and mixed for at least 2 h and subsequently the fabricated HRP-dendron nano-
particles were purified.

Labelling of HRP—dendron nanoparticles with magnetic nanoparticles. The purchased
magnetic nanoparticles (MNPs) had oleic acid molecules on their surface as the stabilizer.
Ethylenediamine was used for the conjugation of the surface acid groups of the MNPs to the
carboxy! groups on the surface of the HRP—polymer nanoparticles. At first, 200 uL of aMNPs
solution (7 vol. %) was diluted with 5 mL of PBS buffer (0.10 M). Then, it was activated with
EDC and Sulpho-NHS solutions with final concentrations of 2 mM and 5 mM, respectively.
Then, 5 mL of HRP—polymer nanoparticles solution was also activated with EDC and Sulpho-
NHS. After stirring each mixture for 15 min, 100 uL of ethylenediamine and the enzyme
nanoparticles mixture were simultaneously added to the first mixture under mechanical stir-
ring conditions and mixed for 1 h. Then, a strong magnet was used for the separation of MNPs
from the mixture. Finaly, the separated MNPs (attached to the HRP—polymer nanoparticles)
were washed 3 times with DI water to remove excess reactants and then stored in the refri-
gerator at 4 °C. The HRP concentration was evaluated using the Lowry procedure as modified
by Peterson?” for determination of the HRP labelling yield.

H,0, fluorescence-based nanobiosensor

Homovanillic acid (HVA) was used as a fluorogenic compound for H,O, sensing. HVA
itself is not a fluorescent agent but after oxidation with H,O, in the presence of HRP converts
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to a fluorescent dimer. Therefore, it could be used as a probe in the fluorescence-based H,O,
Sensors.

Reaction solution (3 mL) was obtained by mixing 2.2 mL phosphate buffer saline (PBS,
0.10 M) of pH 7.5, 0.3 mL HRP solution and 0.2 mL HVA solution. The reaction was started
by addition of 0.3 mL of H,O, solution at a pre-defined concentration (or the sample solution)
to the above mixture. Then, the assay solution was mixed for 5 min at room temperature. At
the end of reaction, the labelled enzyme molecules were removed by magnetic separation.
Then, the supernatant pH was adjusted to 10.0 by addition of 0.30 mL of glycine-NaOH buf-
fer solution, which was used for spectrofluorometric measurement at 420 nm with an exci-
tation wavelength of 312 nm.23

The affecting parameters on the fluorescence intensity may be enzyme concentration and
HVA concentration. From previous investigations on the HRP—polymer nanoparticles acti-
vity,22 a pH of 7.5 and room temperature were selected for the assay because the stabilized
HRP has its maximum activity under these conditions. Response surface methodology was
used for the optimization of enzyme and HVA concentration by using Design Expert® 8.0.4
software.
Real sample analysis

As areal sample analysis, the amount of H,O, residue in PVP and poly(ethylene glycol)
(PEG) as model excipients were determined. For this purpose, 0.1 g of PVP and PEG samples
were dissolved in 3 mL of DI water under stirring. 0.3 mL of each sample was added to the
sensing reaction tube to determine the amount of H,O, in the excipient samples. The H,0,
content of samples were reported as solution concentration in umol L1 and also in ppm (ug g 1)
of the solid form of the sample.
Enzyme recovery and reusability

The stahilized HRP—polymer molecules labelled with MNPs can be separated from the
sensing mixture by applying an external magnetic field. To investigate the recovery and
reusability of the labelled HRP—polymer nanoparticles, the used bio-catalyst was recovered by
magnetic separation and washed 3 times with DI water to remove the reaction solution. The
recovered catalyst was reused in a subsequent sensing reaction under the same experimental
conditions as described before.
Characterization methods

TEM imaging of the samples were determined by means of a CM120 transmission
electron microscope, Philips, the Netherlands, using standard carbon-coated grids and 120 kV
as the applied voltage. A Cary Eclipse fluorescence spectrophotometer (Varian, Agilent Tech-
nologies, Australia) was used for the spectrofluorometric measurements. For protein concen-
tration assay and enzyme activity assessments (with TMB as the substrate??), the Lambda 950
UV—Vis spectrometer (PerkinElmer, USA) was used.

RESULTS AND DISCUSSIONS
HRP—polymer nanoparticles preparation

The HRP molecules were modified by attaching dendron macromolecules to
the enzyme surface. Based on previous studies, each fabricated nanoparticle
consisted of a single enzyme with five dendron molecules attached to its surface
amine groups.22 Based on TEM images, the average size of the nanoparticles was
14(x2) nm, as shown in Fig. 1la. The life-time and stability analysis revealed that
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the dendritic modified HRP showed a significant enhancement in its life-time
over 70 days storage at 4 °C (Fig. 2a). The thermal activity of the reengineered
enzyme at elevated temperatures up to 80 °C was considerably higher in compa-
rison to that of the free HRP, as shown in Fig. 2b. This result may be due to the
attached dendron macromolecules being able to effectively preserve the confor-
mation of the HRP biomolecules against thermal induced unfolding and denatu-
ration caused by movements of the protein moiety around haem.22 The stability
results suggest promising applications of this stabilized enzyme in some interest-
ing fields, such as biosensors.

(b)
Fig. 1. TEM images of @) the fabricated HRP—polymer nanoparticles and b) MNPs attached to
the HRP—polymer nanoparticles.
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Fig. 2. ) Storage stability and b) thermal stability of the HRP—polymer nanoparticlesin
contrast to free HRP.
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Magnetic labelling of HRP—polymer nanoparticles

The FesO4 magnetic nanoparticles (MNPs) with an average size of 8 nm
were utilized as magnetic labels for the preparation of a recyclable stabilized
biocatalyst. Enzyme activity assays revealed a dlight loss of enzymatic activity
(less than 4 %) due to the labelling process. The average yield of conjugation for
MNPs to dendritic stabilized HRP was 90(x2) %. This labelling yield was
obtained from HRP concentration assessment after separation of the enzyme
from the reaction mixture and then re-dispersing in 5 mL of PBS. A TEM image
of MNPs conjugated to HRP—polymer nanoparticlesis shownin Fig. 1b.

H»>0» sensing system and its spectral characteristics

The H,0» assay was based on the oxidation of HVA to its fluorescent biphe-
nyl dimer (Scheme 1) in the presence of hydrogen peroxide and peroxidase. As
shown in Fig. 3, the product shows the excitation and emission maximum wave-
lengths at 312 and 420 nm, respectively.23 The blank samples (HRP-HVA and
HoO>—-HVA systems) have no significant fluorescence intensity in comparison
with the HRP-HV A—H>0», samples. This means that HVA could be oxidized by
H-0, to a strongly fluorescent dimer in the presence of the HRP enzyme as
catalyst. Thus, the determination of HoO»> could be achieved by using its oxi-
dizing ability, and its concentration is directly proportional to the fluorescence
intensity of the HVA dimer. Therefore, the fluorescence intensity of HRP-HV A—
—H>0> system could be used as the basis of the proposed method for detection of
H>O5 traces.

COOH CODH COOH

CH, CH, CH,
—22 5
MeO HRP MeO OMe
OH OH OH

Homovanillic acid

(Nonfluorescent) Fluorescent dimer

Scheme 1. Oxidation of HVA to afluorescent dimer by H,O, in the presence of HRP.

Experimental design and optimum conditions

The concentrations of enzyme (labelled HRP—polymer nanoparticles) and
HVA were chosen as independent variables and the fluorescence intensity as a
dependent output response variable. The composite system was applied for the
response surface methodology and optimization of the parameters.
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Fig. 3. Excitation and emission spectra of solutions from the systems of HV A/H,O,/HRP—
—polymer nanoparticles (labelled). Experimental conditions: H,0,, 2.0x106 mol L-1; HVA,
100x10°6 moal L-1; labelled HRP—polymer nanoparticles, 0.4 mg mL"1; pH of the reaction
solution, 7.5; reaction temperature, 25 °C; reaction time, 5 min; pH of detection solution, 10.0.

The response surface plot resulted from a fitted cubic model (with R2 =
= 0.9955) is shown in Fig. 4. This fitted model showed that the fluorescence
intensity of this probing system was increased with an increasing enzyme (label-
led HRP—polymer nanoparticles) and HVA concentrations. It is revealed that the
rate of increase in the intensity was very low for specific levels of HRP and HVA
concentrations. This design suggests optimum concentrations of 0.3 mg mL—1
and 70 uM for the enzyme and HV A, respectively. These results are based on the
minimum enzyme and HVA concentrations consistent with a sufficiently high
fluorescence intensity.

H»O- calibration curve

Under the optimized conditions, this sensing system gave linear responses to
HoO5 in the range 5x108-1x10-° mol L-1. The calibration curves of H,0,
detection for different HV A concentrations were obtained by correlating the fluo-
rescence intensity with the H>O» concentration. Figure 5 indicates that the fluo-
rescence of the reaction system responded linearly with H>O» concentration (c,
umol L—1) with an HVA concentration of 70 uM and more. The linear regression
equation for H,O» concentration vs. the fluorescence intensity under the optimal
conditions was F = 67.97c + 4.24 with a correlation coefficient (R2) of 0.997.
The detection limit for this probing system was 1.3x10-° mol L.

Determination of H,Oo in real samples

The application of the prepared sensing system was assessed by the deter-
mination of hydrogen peroxide content of 4 excipient samples using the standard
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addition method for sample analysis. As shown in Table I, when H20O> at three
different concentrations was added to the excipient samples, the recoveries of
H20> ranged from 96 to 104 % for all samples and the relative standard deviation
(RSD) was less than 3.5 %. These results showed that this sensing system had
sufficient accuracy and reliability and could also be an effective tool for moni-
toring the hydrogen peroxide in drug excipients and thus useful in the selection
of an appropriate one with a smaller amount of H>O5 impurity.

Design-Expert® Softvware
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Fig. 4. Surface response plot of the combined effect of concentrations of enzyme and HVA on
the fluorescence intensity of the system (enzyme: labelled HRP—polymer nanoparticles).
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Fig. 5. Calibration curves of HVA-related H,O, detection. (labelled HRP—polymer
nanoparticles, 0.3 mg mi-1 and reaction time, 5min).
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Table |. Determination of the H,O, content in pharmaceutical excipient samples (n = 5)

Sample Added, pmol L' Found, umol L1 Found, ppm RSD, % Recovery, %
PVP-A 0 6.170 62.934 31 -
2 8.191 2.6 101
5 10.970 3.0 96
PVP-B 0 2.642 26.948 24 -
2 4.683 19 102
5 7.795 3.2 103
PEG-A 0 0.094 0.958 15 -
0.1 0.198 1.7 104
0.5 0.588 21 98
PEG-B 0 0.236 2.407 2.0 -
0.5 0.716 35 96
1 1.203 2.7 98
Enzyme recovery

The magnetic labelled stabilized enzyme could be easily separated and assessed
for its remained catalytic activity (Fig. 6a). To demonstrate the reusability of the
stabilized enzyme, the used biocatalyst was recovered by magnetic separation
and rinsed thoroughly with distilled water to remove the remaining reaction solu-
tion. The recovered enzyme was reused in subsequent sensing reactions under
optimal conditions. The relative activity of the reused stabilized HRP for seven
first cycles is shown in Fig. 6b, which indicates that the nano reengineered HRP
(with dendron macromolecules) exhibited a remarkable stability and could be
recovered and reused as the decrease in activity after seven sensing cycles was
minimal.

100

Relative activity, %o
E [=)] o]
[=] = (=]

=]
[=]

[=]

(b)
Fig. 6. @) Magnetic separation of magnetically labelled HRP-polymer nanoparticles and b)
relative activity of the reused labelled HRP-polymer nanoparticles.
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CONCLUSIONS

The present study introduced a recyclable biocatalyst consisting of nano-
reengineered horseradish peroxidase (by means of dendron macromolecule attach-
ment to the enzyme surface) and attached magnetic nanoparticles, as labelling
agents providing recyclability. After stabilization, the HRP showed a remarkable
life-time and stability. A simple fluorescence based sensing system for HoOo was
designed and optimized as a model application for stability and reusability eva
luation of fabricated reusable stabilized HRP. The sensing system showed a rela-
tively wide linear response over HoO, concentrations from 5x10-8 to 1x10-> mol
L-1 and was successfully applied to monitoring trace levels of HoO, residues in
PVP and PEG excipients, to ensure their safety and efficacy. The significant
stability of HRP-dendron nanoparticles was further displayed in the H>O» prob-
ing system after 7 recycling times.

H3BOI

MATHETHE HAHOYECTHLE CA UMOBUJIIM30BAHOM INEPOKCHUIA30M U3 PEHA —
HAHOBHUOKATAJIM3ATOP 3A BULLIECTPYKY YIIOTPEBY

AREZ0O KHOSRAVI', MANOUCHEHR VOSSOUGHI"? SAEED SHAHROKHIAN"? i IRAN ALEMZADEH?

! Institute for Nanoscience and Nanotechnology, Sharif University of Technology, Tehran, Iran,
2Chemical and Petroleum En gineering Department, Sharif University of Technology, Tehran, Iran u
3Department of Chemistry, Sharif University of Technology, Tehran, Iran

Y pany je OmMCaHO UCIUTHBAKkE MOTYhHOCTH BHUILECTPYKOT KOpHUInherma HaHOHOCaya ca
UMOOMIM30BAHOM NEPOKCUIA30M M3 PeHa Y by onpehHBama BOSOHUK-TIEPOKCHIA METOLOM
¢nyopecuentHe petexkudje. JJeHOIPOHCKH MaKpPOMOJIEKY/IHM Cy Be3aHH 3a MOBPIIWHY €H3UMa
TEXHUKOM OHOKOHjyroBama. Hacrase eH3UM—IIONMMEp HAaHOYECTHIle, ITPOCEYHE BeIUYHHEe
14(£2) nm, uMase cy 3HauajaH MOITYKUBOT U TEPMHUUKY cTaduinHocT. [la du ce eH3uM morao
BHLIECTPYKO KOPHUCTUTH, EH3UM—TIONMMeEp HaHOUecTHlle Cy odeexeHe MarHeTHHM HaHOuecC-
THIaMa, y3 npuHoc of 90 %. OBaxo odesnexeHe eH3MMCKe YeCTHIle Cy HCIOJbUIe 3HadajHy
NpOLIeCHYy CTaDUIIHOCT U MOTIJIE Cy Ce KOPUCTHTH A0 7 MyTa Y CEH30PCKOM MOJEN CHUCTEMY.
Jobujena je muHeapHa kanudpanKroHa IpaBa 3a KOHLEHTpalKje BOLOHUK-TIEPOKCUIA Y OTICETry
51078 mo 1x10° mol L1, y3 merexumonu mumut ox 1,3x10~9 mol L1 3a censopcku cuctem
07, ONITUMATHUM YCITOBUMA.

(ITpumsbeHo 30. centemdpa, peBugrpaHo 26. HoBemdpa 2012)
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Abstract: Seven elements, namely, arsenic, lead, cadmium, copper, zinc, iron
and manganese were determined in 31 samples of Serbian plum brandies by
application of atomic spectrometry techniques. Flame atomic absorption spec-
trometry was used for the quantification of copper, iron, zinc, manganese, lead
and cadmium, and hydride generation atomic spectrometry absorption for
arsenic quantification. The measured concentrations of the heavy metals and
arsenic were assessed according to Serbian regulations, official regulations of
some other countries and in respect to the content of microelements in other
similar distilled acoholic beverages. The amounts of microelements in the
maximal recommended daily and weekly intake of plum brandy were deter-
mined. The influence of production (home made or industrial), type of wooden
barrel (oak or mulberry), and duration of ageing process on the content of Zn,
Cu, Fe and Mn in plum brandies, as well as the coefficient of correlation
between the Cu content and pH value were al so studied.

Keywords: Sljivovica; plum brandy; atomic absorption spectrometry; aging
parameters.

INTRODUCTION

The toxicity of heavy metals is the result of their interactions with the enzy-
matic systems of animal cells or some constituents of cell membranes. Heavy
metals and usual elements from diet (Cu, Zn, Fe, Ca and Se) play an important
role in acute and chronic toxicity. The population can be poisoned by heavy
metal s through ingestion of contaminated or polluted food or water.

* Corresponding author. E-mail: vtesevic@chem.bg.ac.rs
doi: 10.2298/J5C121106016B

933

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

Copyright (C)2013 SCS @RI80



934 BONIC et al.

On the other hand, lack or inadequate quantities of essential trace elements
can cause health problems for the populace. Therefore, the concern of food
manufacturers and processors is to ensure that a food product does not breach the
essentiality / toxicity duality embodied in the various legal requirements or codes
of practice for metalsin food.1

Heavy metals in acoholic beverages may originate from natural sources
(soil, water, raw materials and yeast) and from environmental contamination due
to fertilizers, pesticides, industrial processing, and containers.2

Knowledge about the inorganic profile of strong alcoholic beverages is of
importance for the control of heavy metalsion concentrations, in order to provide
quality and safety of the beverage.3 Mineral contents can indicate differences
between acoholic beverages as to the country of origin, since they are directly
associated with soil structure.34

It is notorious that metal traces affect color, aroma and taste of alcoholic
beverages.® Copper is one of the key determiners of sensory characteristics of
many alcoholic beverages. It contributes to the catalytic conversion of complex
sulfur compounds that have odor but subsequently give a majority of alcohalic
beverages a better aroma and taste. Copper occurrence in distilled beverages is
due to surface corrosion of the copper pot till, which is then converted into
copper oxide. This oxide forms deposits or is dissolved and the copper ions can
react with some compounds, thereby forming salts.6

Distillates containing iron in excess are initially colorless but subsequently
under the influence of air oxygen, ayellow or brown deposit is formed, the color
of which is derived from iron compounds. It often happens that beverage ageing
in wooden barrels has black coloration, which is affected by iron compounds and
tannin substances. The presence of higher metal contents imparts the distillates a
bitter - astringent taste. Such distillates can be reditilled. Aluminum and zinc,
apart from iron and copper, can impart a bitter taste to the beverage.’

Plum brandy is primarily produced in Slavic regions of central and eastern
Europe, both commercially as well as by many households on an informal, home-
made basis. Primary producing nations include the Czech Republic, Lithuania,
Slovenia, Slovakia, Bosnia and Herzegovina, Poland, Hungary, Bulgaria, Roma-
nia, Croatia, and Serbia8 Similar plum brandies are also produced in Switzer-
land, France, the United States, and Canada, but marketed under other names,
such as brandy, Pflimli, or eau de vie.

Plum brandy, as a distillate of Prunus crop plum fermented must, apart from
the main constituents — ethanol and water, contains numerous ingredients the
amounts of which vary within an average of 0.5-1.0 % depending on the raw
material content, the way in which the fermentation was performed and the man-
ner in which the distillation was conducted. Apart from numerous valued com-
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ponents, plum brandy can also contain some undesirable substances. These refer,
first of all, to cyanides, ethyl carbamate and methanol .°

Various techniques have been used to quantify the contents of trace metalsin
highly alcoholic beverages, including flame atomic absorption spectrometry,
FAAS27.10-17 graphite furnace atomic absorption spectrometry, GFAAS, 7111215
electrothermal atomi zation-atomic absorption spectrometry, ETA-AAS,18.19 flow
injection-hydride generation-atomic absorption spectrometry, FI-HG-AAS,20.21
anodic stripping voltammetry, ASV,22 differential pulse voltammetry, DPV,13
differential pulse anodic stripping voltammetry, DPASV,13 inductively coupled
plasma-optical emission spectrometry, |CP-OES,23-25 inductively coupled
plasma-atomic emission spectrometry, ICP-AES,26.27 inductively coupled plasma
mass spectrometry, ICP-MS,17.28.29 and total reflection X-ray fluorescence spec-
trometry, TXRF.30

Analytical methods frequently require sample pre-concentration and/or pre-
treatment for the destruction of the organic matrix, such as wet digestion, dry
ashing, and microwave oven dissolution.3!

Plum brandy, the so-called Sljivovica, is the most popular distilled spirit in
Serbia. The aim of the present paper was to determine the heavy metal content of
samples of old Serbian plum brandy in order to characterize them and evaluate
human exposure.

EXPERIMENTAL
Instrumentation

The determination of the As content in plum brandies was performed using an atomic
absorption spectrophotometer (AAS) equipped with an air—acetylene burner and a hydride
generation unit Shimadzu AA-680, with D, correction for background radiation. The contents
of Cu, Zn, Fe, Mn, Pb and Cd in the plum brandies were determined using an atomic absorp-
tion spectrophotometer (Pye Unicam SP 192). Hollow-cathode lamps were used to determine
the heavy metals Cu (wavelength 324.75 nm, dlit width 0.4 nm), Zn (wavelength 213.86 nm,
dlit width 0.4 nm), Fe (wavelength 248.33 nm, dlit width 0.4 nm), Mn (wavelength 279.48 nm,
dlit width 0.4 nm), Pb (wavelength 217.00 nm, slit width 0.4 nm), Cd (wavelength 228.80 nm,
dlit width 0.4 nm) and the metalloid As (wavelength 193.7 nm, dlit width 0.8 nm).

The pH values of the plum brandies were determined using a PHS-3BW pH/mV/
/temperature meter (Shanghai Benson Instrument Co.).

Chemicals and reagents

Distilled or deionized water (conductivity max. 1 uS cml) was used. Nitric acid (65 %),
ethanol (96 %), magnesium nitrate hexahydrate (10 % ethanolic solution), hydrochloric acid
(37 %), potassium iodide (40 %), sodium hydroxide and sodium borohydride solution (1.25 g
NaOH and 1 g NaBH, dissolved in 250 mL H,0), and ascorbic acid (5 %) were used in the
mineralization and preparation of samples. All were of analytical grade and purchased from
Merck (Darmstadt, Germany).

Stock standard solutions (1000 mg L-1) of arsenic, lead, cadmium, copper, zinc, iron and
manganese were supplied by Carlo Erba (Italy). The working standard solutions were freshly
prepared by suitable dilution of the respective stock solutions. The employed glassware was
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washed in boiling nitric acid (30 %) for a 15 min and thoroughly rinsed with distilled or
deionized water before use.

Standard pH buffers (4.01, 7.00 and 10.01) were supplied by Labprocess (Spain).
Samples

Thirty-one Serbian plum brandies of different ages and origin, 25 aged in oak wood
casks and 6 aged in mulberry wood casks, were analyzed. The pH and ethanol contents of the
samples were determined (Table).

Table I. Mean values of Cu, Zn, Fe and Mn concentrations in S!jivovica plum brandies of
various ages from oak barrels and the coefficient of correlation (r) between the parameters

Age groups of

Mean values of the metal concentrations,

Sljivovica plum g\./.erag.e age of (c+SD) /mg L1
brandies from oak Jivovica plum

brandies, y+SD Cu Zn Fe Mn
barrels
3years(n= 1) 30 0.11 0.08 0.67 0.05
8-9years(n=6) 8.3+0.5 3.05+2.13 0.75+1.35 1.30+2.38 0.05+0.04
11-18 years (n = 11) 14.1+2.0 3.54+1.61 0.42+0.37 0.73+0.63 0.26+0.56
23-28 years (n=3) 26.0+£2.6 9.04+2.62 0.64+0.08 2.29+0.54 2.63+0.89
r 0.982 0.542 0.833 0.917

1 — Number of samplesin each group

Sample preparation. In 10 mL aliquot of a plum brandy sample was added 10 mL of 10
% an ethanolic solution of magnesium nitrate.32 The sample was then dried and caramelized
by heating carefully to a maximum of 250 °C. Subseguently, the sample was annealed for 12 h
in an oven programmed to 450 °C at arate of 3 °C min'L.

After destruction and annealing the sample was cooled and dressed with a4 mL solution
of HNOs (1:3). After evaporation to dryness, the sample was re-annealed for 1 h at 450 °C.
Thereafter, the residue was quantitatively transferred to a 25-mL volumetric flask with 2 M
HCI and made up to the mark with the same solution. This solution was used to determine the
contents of metals (Cu, Zn, Fe, Mn, Pb and Cd). For the determination of As, 5.0 mL of
solution was taken, 1.0 mL of 40 % Kl and 1.0 mL of 0.5 % ascorbic acid in water were added
and the mixture was diluted with 2 M HCI to 25 mL in a volumetric flask. The solution was
left in the dark for 50 min. prior to AAS analysis by the hydride technique.

Calibration and analytical performance data

For quantification of Zn and Cd, calibration curves were constructed in the concentration
range 0.20-2.00 mg L1, and for Pb, Cu, Zn, Fe and Mn in the range 0.20-8.00 mg L1, while
the calibration curve for Aswas in the range 0.002-0.010 mg L. The correlation coefficients
(r) of the linear fittings to the calibration points (n = 7) were greater than 0.995 for al ele-
ment. Evaluation of the limits of detection and quantification was performed by 10 measure-
ments of the blank. Considering the standard deviation of the blank (S;4) and the slope of
the calibration curve (b), limit of detection (LOD) and limit of quantification (LOQ) were
calculated as 35,4 /b and 10S,4/b, respectively. The LOD and LOQ, expressed in mg L1 of
plum brandy were, respectively: 0.006 and 0.02 for Zn and Cd, 0.024 and 0.08 for Fe, 0.009
and 0.03 for Mn, 0.012 and 0.04 for Cu, 0.096 and 0.32 for Pb and 0.003 and 0.10 for As.

The accuracy of the method was confirmed by recovery assays. Sample aliquots of 10
mL of the same Serbian old plum brandy (n = 5) were fortified with 20 ug of each metal and
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1 ug of arsenic. The average recovery for each metal was calculated and the values ranged
from 94.2 to 103.0 %, while the average recovery for arsenic was 104.0+5.5 %. Concerning
the concentrations of each analyte in analyzed samples, the obtained recoveries were within
the expected range: 80-110 %. The precision was obtained from the experiments of accuracy
and was expressed as the relative standard deviation (RSD). According to the concentrations
levels of metals and arsenic in fortified samples of plum brandy, the recommended RSD
values are lower than 11 and 15 %, respectively.33 The determined RSD values for each metal
and arsenic fulfilled thee requirements. The recoverytprecision (%) for the studied elements
were 103.0+0.7 for Zn, 101.9+1.5 for Cd, 99.7+6.6 for Fe, 100.6+0.5 for Mn, 94.2+9.2 for Cu,
99.0£1.1 for Pb and 104.0+5.5 for As.
Satistical analysis

Software SPSS 10.0 for Windows was applied for the statistical analysis of the results.
As, Pb and Cd exhibited a high number of not detected or quantified cases. In order to avoid
misleading conclusions, these cases were rejected. Moreover, linear regression analysis was
further used to determine a regression equation to predict the age of Sljivovica plum brandies
according to their content of heavy metals.

RESULTS AND DISCUSSION

The general characteristics of the 31 samples of Serbian plum brandy and the
results of the determination of the metals and As are given in Table Il. The
alcoholic degree ranged within 36.33-49.48 vol. %, while the pH values ranged
from 3.61t0 5.12.

It can be concluded from Table Il that 74 % of the analyzed Sljivovica plum
brandies (n = 31) contained below 0.010 mg L—1 of As, while 8 brandies contain
it at the limit level of the quantification method (mean 0.01+0.01 mg L-1). Lead
was quantified only in Sljivovica sample 23, while it was not detected in the
others. The Cd content in all plum brandies was below 0.02 mg L-1. Zn was
quantified in approximately 90 % of samples and its content varied from 0.06 to
3.50 mg L1 (mean value of all plum brandies: 0.44+0.63 mg L-1). The Fe con-
centration in the Serbian plum brandies ranged from 0.20 to 7.31 mg L (total
mean: 1.17+1.62 mg L—1) and was quantified in approximately 77 % of the samp-
les. Mn content ranged from 0.05 to 3.65 mg L~ (total mean: 0.38+0.87 mg L—1)
and was present in approximately 45 % of the samples. The highest average metal
contents was observed for Cu, ranging from 0.11-11.17 mg L1 (total mean:
3.81+2.49 mg L-1).

The determinations of heavy metals and arsenic in Serbian plum brandies is
of great importance from toxicological and organoleptic points of view The cor-
rect knowledge of these parameters is required by the current Serbian regulations
for the levels of pesticides, metals and metalloids and other toxic substances,
chemotherapeutics, anabolics and other substancesin foodstuffs,34 which govern
the maximum allowable concentration (MAC, mg L—1) of lead (0.5 mg L—1), zinc
(2 mg L1, arsenic (10 mg L-1) and copper (10 mg L-1) in fruit brandies. In
Sljivovica 2, the copper concentration exceeded the prescribed legal level and in Slji-
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vovica 14, the content of Zn was higher than the MAC value. Furthermore, inter-
nationalization of Serbian Sljivovica and its acceptance as a competitive brand
product has led to the necessity for the fulfillment of certain official regulation of
other countries. The Mexican Official Norm regul ates the concentrations of four
metalsmetalloids in alcoholic beverages, namely copper (2.0 mg L1, lead (0.5
mg L-1), arsenic (0.5 mg L—1) and zinc (1.5 mg L—1).2° The average content of
copper in Serbian Sljivovicais aimost 2 times higher than the MAC value, but the
other elements (Pb, As and Zn) are clearly below their respective MAC values. A
Colombian norm standard establishes a maximum level of 1 mg L1 for Cu in
rum.30 Only three samples of the Serbian Sljivovica investigated, 4, 17 and 21,
are in consonance with these permitted levels. Venezuelan standard norm govern
maximum allowable concentrations of iron (2 mg L—1) and copper (4 mg L-1) in
whiskey.30 Except for the four Serbian homemade Sljivovica (8, 10, 26 and 29),
the content of Fe in this beverage was below the MAC value. Brazilian legislature?
prescribes an upper limit of 5.0 mg L—for the content Cu of in acoholic beve-
rages. However, MAC values are not prescribed for other toxic metals (Zn, Pb
and Cd). The Serbian plum brandies 1, 2, 5, 6, 8, 14, 25 and 26 did not meet the
mentioned standards.

Analysis of certain elements in distilled spirits is of specia interest due to
their toxicity in the case of excessive intake.2! It is considered that two doses of
whiskey (100 mL) is the average daily intake for an adult consuming moderate
amounts of alcoholic beverages.2 When compared with identical dose of Serbian
Sljivovica, the average daily intake of Cu would be 0.381+0.249 mg; Zn,
0.044+0.063 mg; Fe, 0.117+0.162 mg; Mn, 0.038+0.087 mg; Pb, 0.034 mg (for
Sljivovica 23), As 0.001+0.001 mg and Cd < 0.002 mg. These amounts do not
exceed the recommended allowable daily intake of trace elements, which means
microgram to low milligram levels. Soufleros et al.”:15 reported that the daily Cu
intake in the diet of a healthy adult is from 1 to 3 mg. The World Health Organi-
zation (1996) has set an estimated minimum requirement for Cu at 0.6 mg day—1
for women and 0.7 mg day—L for men. The amount of 0.300 mg is considered the
upper limit level for Pb in the diet of an adult.” Hence, it could be concluded that
the consumption of Serbian Sljivovica is not harmful from the aspect of heavy
metal content to health if the daily intake does not exceed 50-100 mL.

According to the alcohol control database of the WHO, the average annual
alcohol consumption for the EU in 2001 is given in as 9.2 L of pure alcohol per
person. Information on the distribution is not available.37 Given an average alco-
hol content of 43 vol. % for Serbian Sljivovica (Table Il) corresponds to an
annual Sljivovica consumption per person of approximately 21 L, which means
0.42 L week—1 or 0.06 L dayL.

In order to discuss the metal and arsenic intake through Serbian plum brandy
consumption, an average intake of each element person-1 week-1 (AMI) was
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evaluated taking into account the present results of the content of the corres-
ponding metal and As in Sljivovica, and the estimated alcohol consumption in
the EU in 2001. The obtained values for the AMI (mg person—! week—1) were
compared with the respective safety limits (mg person—1 week-1) for the studied
metals and As from the literature.11 The estimated average metal intake of Cu
would be 1.60+1.05 mg person1 week—1; Fe, 0.49+0.68 mg person—1 week—1; Mn,
0.16+0.37 mg person—1 week—1, Zn, 0.18+0.26 mg person—1 week-1, As,
0.004+0.004 mg person—1 week—1, Cd, < 0.008 mg person—! week-1 and Pb, 0.14
mg person— week—1 (for Sljivovica 23). Literature data of the safety limits for
the intake of the metals are Cu, 14-21 mg person—! week—1, Fe, 9800 mg person—1
week1, Cd, 0.49 mg person—1 week-1, and Pb, 0.9 mg person—1 week-1, and for
As, 1.05 mg person—1 week—1.11 |t could be noticed that Serbian Sljivovica plum
brandy has no significant contribution to the total intake of these elements for
moderate drinkers.

Motounet et al.38 found that distillates with the highest Cu content contained
the highest concentrations of acids and as a result the lowest pH values. Further-
more, Adam et al.39 quoted that the acidity of the to be distilled liquor may be
important as a source of copper (e.g., in whisky), since more acidic beverages
tend to contain more Cu.40 The correlation between copper concentration and pH
value (Table I1) in Serbian Sljivovicawas slightly negative (r = —0.34), as shown
inFig. 1.
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Fig. 1. Correlation between pH value and Cu concentration in Serbian Sljivovica plum
brandies.

To examine the effects of commercial and homemade production, as well as
the type of barrel (oak and mulberry) used for ageing the plum brandies on the
metal concentrations, the plum brandies were arranged into four groups. com-
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mercial and homemade, from oak and mulberry barrels. The mean values of
metal concentrations (Cu, Zn, Fe and Mn) in the mentioned groups are given in
Tablelll.

TABLE Ill. Average content of metalstSD (mg L 1) in commercial and homemade Serbian
Sljivovica plum brandies, and in Sljivovica plum brandies from oak and mulberry barrels

Metal Commercial _Homemade Sljivovicafrom oak Sljivovicafrom mulberry
Sljivovica(n=6) Sljivovica(n=25)  barrels (n=25) barrels (n = 6)

Cu 3.3t24 3.9+2.6 3.9+2.7 34+1.4

Zn 11+1.2 0.3+0.3 0.5+0.7 0.3+0.2

Fe 0.4+0.6 14+1.8 1.3£1.8 0.6+0.5

Mn 0.3+0.7 0.4+0.9 0.5+0.9 0.07+0.07

According to t-test results, the differences between concentration levels of
Cu, Zn, Fe and Mn in plum brandies aged in oak and plum brandies aged in
mulberry barrels are not statistically significant, although the average contents of
Mn and Fe were few times greater in the brandies aged in oak than in mulberry
wood. On the other hand, statistically very significant differences (p = 0.0062)
were found between the mean concentration levels of Zn in commercial and
homemade Sljivovica.

A potential source of the higher concentration levels of zinc in commercial
Sljivovica, except for the pot stills used for distillation and metallic receiving
vessels, might also be attributed to contaminated water used to dilute the dis-
tillate.”

Dugo et al.#! studied the effects of the duration of the ageing process on the
contents of heavy metals (Cd, Cu, Pb and Zn) in gold and amber Marsala wines.
The authors considered that the increase in metal concentrations with extension
of the ageing process in oak barrels might be the result of extraction of inorganic
elements, which are normally present in the wood. Rodushkin et al.28 aso
reported that the concentrations of Ti, U, Al and Co in whiskies from Swedish
retail shops showed a significant positive correlation with maturity. The main
source of these elements in these whiskies was probably, time-dependent extrac-
tion from the oak containers.28 Therefore, for each age group of the Sljivovica
aged in oak barrels (except for “the youngest” comprising one sample) the mean
values of the Cu, Zn, Fe and Mn concentrations are given in Table Il. The results
of the correlations between the mean values of the metal concentrations (Cu, Zn,
Fe and Mn) and the average age (3-26) of the Sljivovica plum brandies are listed
in Table Il and shown in Fig. 2. The correlation coefficients (r values from
0.833 to 0.982) showed that the concentration levels of Cu, Fe and Mn are very
well associated with ageing period of Sljivovica.
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The linear regression analysis revealed that the concentration of copper is a
highly significant predictor of the age of Serbian Sljivovica (8 = 0.982, p < 0.05)
as described by the following eguation:

Ageing period (years) = 2.602xConcentration of Cu + 2.610

where the concentration of Cu is expressed in mg L—1. The adjusted R2 = 0.947,
the F ratio = 54.924; p < 0.05 and DW = 3.100. The Durbin—Watson test (DW)
for autocorrelation was used to detect errors in the linear regression.40 All these
values indicate a very good reliability of the statistical model.
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Fig. 2. Correlation between metal concentrations in Serbian Sljivovica plum brandies from
oak barrels and average age of the brandies (3-26 years).

CONCLUSIONS

K nowledge about the inorganic profile of Serbian Sljivovica plum brandies
is important for the control of heavy metals ion concentrations and as a
contribution to the improvement of the quality of this national beverage.

The obtained results lead to the conclusion that the ageing time, i.e. ageing
process and the origin (homemade or industrial) of Sljivovica plum brandies are
the major factors that affect the concentrations of Cu, Mn, Fe and Zn in this
Serbian beverage.

Some of the highly toxic elements, namely, Cd, As and Pb were amost
absent (below limit level of the quantification method) in this beverage.
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U3BOJ

CAIPXAJ TEIKUX METAJIAY CTAPUM CPIICKMUM PAKHJAMA IIJbBUBOBUIIAMA

MUPJAHA BOHWE', BEJIE TEIIEBUR?, HUHOC/IAB HUKUREBUR®, JEJIEHA LIBEJUR®, CJIOBOIAH
MUJIOCABJBEBUR, BJIATKA BAJC®, BOPUC MAHJWR®, UBAH YPOLIEBUR®, MUJIOBAH BEJIMUKOBUR®
u CAIIIA JOBAHUR'

! Hucrutyr 3a jaBHo 3gpasive, 3maj Joprra 30, 24000 Cyborrya, 2x eMHJKH QaKyaTeT, YHHBEPIHTET
beorpany, Crygenrcku 1pr 16, 11000 beorpaz, 5 [losonpuBpegny Qaky/ITer, YHHBEp3HTeT y beorpazy,
Hemamunna 6, 11080 3emyH, ? Megunmrcrn @axynrer, Yausepsurer y Hosom Cazy, Xajgyx Bemxosa 3,

21000 Hosu Caz, u'°. HHCTHTYT 3@ XEMH]Y, TEXHOJIOTH]Y H METaAyprajy, YHHBEP3HTET y beorpazy,
Bberowesa 12, 11000 beorpazn

CemaM efeMeHaTa: apCeH, OJI0BO, KafMHjyM, Dakap, UMHK, TBOXKhe ¥ MaHTaH Cy Ofmpe-

huBanu y 31 y30pKy CpICKHX pakdja IUbMBOBHLIA MPUMEHOM TEXHHUKE aTOMCKE anCOPILHOHE
cnexktpoMetpHje. IlTaMeHa aTOMCKA arCOPMIHOHA CIIEKTPOMETPHja je KopHIIheHa 3a KBaH-
tudukaurjy dakpa, reoxha, UMHKA, 07I0Ba, MaHraHa M KaJMHjyma, a XHUAPHUAHA TEXHUKA
aTOMCKe allCOPIIIMOHE CIIeKTPOMETpHUje 32 KBaHTU(UKALMjy apceHa. M3MepeHa KOHIIEHTpa-
I¥ja TEIIKUX MeTaja U apceHa je y cikiany ca nponucuma Pemybnuke Cpduje, 3BaHUUHUM
MPONKMCHAMA HEKUX APYTHUX 3eMa/ba U OPYTUM CIMYHMM jakUM aJIKOXOMHMM muhuma. Komwm-
YHHA MUKpOEJIeMeHaTa Y MaKCUMaJHOM JHEBHOM M HelleJbHOM YHOCY pakuje LUbHBOBHLE je
oppehena. YTtuuaj npoussonwe (nomaha ¥ HHAYCTHjCKa), BPCTE NOpPBEHUX Oypamu (XpacT u
Iyn), Tpajame mpolieca ca3peBama Ha caipikaj UWHKA, dakpa, rBoxkha ¥ MaHTaHa y LUBUBO-
BHIIaMa, Kao U koeHIIMjeHT Kopenanuje uaMehy cagpxaja dakpa u pH je Takohe ucnurusas.
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Abstract: The new 2,2’-[(3,3'-dimethyl[1,1’-biphenyl]-4,4’-diylbis(nitrilome-
thylidyne)]big 6-methoxyphenol] (H,L) Schiff base and its complexes with
Co(I1), Ni(Il) and Cu(ll) of the type [M(HL)CI(H,0)] (M = Co(ll) or Cu(ll)),
[MQL(H20)4]XZ (M = CO(”), X = C|O4 and M = CU(”), X = NO3) and
[M5L(CH3COO0),] (M=Co(ll), Ni(ll), Cu(ll)) were synthesised. The ligand and
complexes were characterized by elemental analysis, conductivity measure-
ments, magnetic moments at room temperature, IR, NMR, UV-Vis-NIR, EPR
spectra and thermogravimetric analysis. Mole ratios of 1:1 or 1:2 between the
ligand and metal were determined from the elemental analysis results. Except
for the perchlorate complex that behaved as an electrolyte, the other complexes
are non-electrolytes. The spectral data suggested tetrahedral, pseudo-tetrahedral
or sguare-planar stereochemistry, which was confirmed by the magnetic
behaviour of complexes. The antimicrobial tests indicated fungicide effects for
both the ligand and the complexes.

Keywords. Schiff base; o-tolidine; o-vanillin; EPR spectra; antimicrobial acti-
vity.
INTRODUCTION
Complexes with Schiff bases derived from aromatic diamines and aromatic

aldehydes have been intensively studied due to their possible application in vari-
ous fields.1-6

These complexes are also interesting as models for enzymes involved in
several biochemical processes.”.®2 Many Schiff bases of this type and their com-

* Corresponding author. E-mail: ionelaalan@yahoo.com
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948 ALAN et al.

plexes with various metal ions were found to exhibit fungicidal, bactericidal,
antimalarial and anticancer properties.9.10

Following previous research,11 in this paper, data is presented concerning
the synthesis and characterisation of Co(ll), Ni(ll), Cu(ll) complexes with a new
Schiff base obtained through o-tolidine (3,3'-dimethylbenzidine) condensation
with o-vanillin (2-hydroxy-3-methoxybenzaldehyde) (Fig. 1). It is noteworthy
that only afew papers with Schiff bases derived from o-tolidine are mentioned in

the literature, 12.13
/ T

\H/O OCHg

Fig. 1. Structure of the ligand (H,L).

EXPERIMENTAL

Materials

Metal salts (Sigma-Aldrich), o-vanillin (Merck), o-tolidine (ICN Biomedicals) and tri-
ethylamine (Fluka) were used in the syntheses.
Synthesis of the ligand

The 2,2’-[(3,3"-dimethyl[1,1"-biphenyl]-4,4’-diylbis(nitrilomethylidyne)] big 6-methoxy-
phenol] (H,L) Schiff base was obtained by mixing an ethanolic solution of o-tolidine (0.01
mol in 50 mL ethanol) with an ethanolic solution of o-vanillin (0.02 mol in 50 mL ethanal), in
the presence of acetic acid. The mixture was refluxed for 2 h. After cooling, the obtained
precipitate was filtered, washed with and recrystallized from tetrahydrofuran. The yield was
72 %. The reddish—orange crystalline product was stable at room temperature and was non-
hygroscopic.
Synthesis of the complexes

A solution of ligand (H,L) (0.01 mol) in 50 mL tetrahydrofuran was mixed with an equal
volume of an ethanolic solution containing 0.01 mol Co(ll) or Cu(ll) chloride to obtain
complexes 1 and 5 according to the reaction:

MCl, + HoL + H,O — [M(LH)CI(H,0)] + HCI (1)

Complexes 2 and 6 were synthesised using a solution of 0.01 mol ligand in 50 mL
tetrahydrofuran and either 50 mL of an ethanolic solution of Co(ll) perchlorate (0.02 mol) or
of Cu(lIl) nitrate (0.02 mol), respectively, according to:

2M X5 + HoL + 4H,0 — [MoL(Hy0) 4] X5 + 2HX 2

The complexes 3, 4 and 7 were synthesised using 50 mL of a tetrahydrofuran solution of
ligand (0.01 mol) and a solution of 0.02 mol of Co(l1), Ni(ll) or Cu(ll) acetate, respectively, in
50 mL of ethanol, according to:

2M(CH3CO0), + HoL— [M,L(CH3COO0),] + 2CH;COOH (3)

In all cases, the reaction mixture was refluxed at least 4 h and afterwards concentrated to

half of the initial volume. The obtained precipitate was filtered, washed, and dried in a
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vacuum desiccator over anhydrous CaCl,. The obtained complexes were solid, coloured,
stable under atmospheric conditions and non-hygroscopic.

Techniques

The contents of the metal were determined volumetrically by complexometric methods
for Ni(I) and Co(ll) and by an iodometric method for Cu(ll). The contents of N, C and H
were measured with an ECS-40-10-Costeh microdosimeter, following drying at 105 °C. The
melting points were determined using a Stuart Scientific SMP3 apparatus and no correction
was applied. The molar conductivities were determined in acetone (1, 2 and 4), ethanol (3) or
DMF (5 and 6) (103 M) at room temperature using a Consort C533 conductometer. The IR
spectrawere recorded in KBr pellets, using a BioRad FTS-135 Fourier transform spectrometer
in the range 4000-400 cmL. The electronic spectra were recorded on a Jasco V670 spectro-
photometer, by the diffuse reflectance techniqgue. The NMR spectra for the ligand were
recorded in DMSO-dg on a Varian Gemini 300BB instrument operating at 300 MHz for 1H
and 75 MHz for 13C. The magnetic susceptibilities were determined by the Faraday method
and were corrected for atomic diamagnetism. The EPR spectra were recorded using a
Mini Scope M S200 type spectrometer. This was operated in the X-band (9.3 to 9.6 GHz) and it
was provided with a rectangular TE;q, resonance cavity. The thermogravimetric analysis was
realised using a current Labsys 1200 Setaram derivatograph under a synthetic air flow of
16.67 cm3 min® at a heating rate of 10 °C min't. The microbial strains, isolated from various
pathological products, were identified using a VITEK | automatic system. The VITEK cards
for identifying and testing the antibiotic sensitivity (GNS-522) were inoculated and incubated
according to the directions of the producer. The results were interpreted using the AMS R09.1
program.

Antimicrobial activity

The complexes 1-7 were tested to determine their in vitro antimicrobia activity using
qualitative and quantitative analysis methods.14 Reference microbial species were used for the
tests. These included: the Gram-positive strain Saphylococcus aureus 1263, Gram-negative
bacteria (Klebsiella pneumoniae 1204, Escherichia coli IC 13147 and Pseudomonas aerugi-
nosa 1246) and the fungal strain Candida albicans LS, isolated from various clinical samples.
The quality control was performed by the simultaneous testing of the antimicrobial activity on
the above-mentioned strains and on the reference strains. Klebsiella pneumoniae |C 13420, E.
coli IC 13529, S aureus |C 13204, P.aeruginosa |C 13202 and C. albicans |C 249.

The qualitative screening of the action of the synthesized compounds on the bacteria and
fungi was realised by two diffusion methods, adapted to the diffusimetric method. The first
method consisted of impregnating filter paper disks with a solution a compound in DMSO
(1000 ug mL-Y). The second method consisted of the qualitative determination of the anti-
microbial effect of acompound spot distributed on a microbial culture-seeded medium.

The used solvent dimethyl sulphoxide (DMSO) was aso tested using the same two
methods in order to emphasize the potential antimicrobial activity.

For the quantitative determination of the antimicrobial activity of the ligand and of the
complexes, the binary microdilution method in a liquid medium was applied (yeast extract—
peptone—glycerol (YPG) medium for the fungi), using 96-well plates, in order to determine
the minimal inhibitory concentration (MIC) values. In this manner, binary serial dilutions of
stock solutions of the test compounds in DM SO (1000 pug mL-1) and of a fluconazole solution
(concentration 128 pg mL1), as a control solution for the fungi, were obtained.
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For the qualitative and quantitative screening, the plates were incubated for 24 h at 37 °C
for the bacteria and for 48 h at 28 °C for the fungi. The results were obtained by macroscopic
observation.

RESULTS AND DISCUSSION

The tetradentate ligand 2,2’-[(3,3"-dimethyl[1,1’-biphenyl]-4,4’-diylbis(nitri-
lomethylidyne)]big 6-methoxyphenol] (HsL), having a divergent ON-NO donor
atom set, was synthesized by 1:2 condensation of o-tolidine with o-vanillin in
ethanol. The analytic and spectral data for HoL are presented in the Supplement-
ary material to this paper.

The seven complexes of the prepared ligand with Co, Ni and Cu are given in
Table I, together with their solubilities in several organic solvents. The com-
plexes 1-7 were characterised based on chemical and thermal analyses, IR, UV—
Vis-NIR and EPR spectral data, as well as magnetic moments at room tem-
perature and molar conductivity.

TABLE |. The prepared complexes 1-7 and their solubility is some organic solvents

Compound No. Solublein

H,L THF, DMSO, CH,Cl,
[Co(LH)CI(H,0)] 1 Acetone, DM SO, CH,Cl,
[Co,L(H50)4](ClOy), 2 Acetone, DMSO, CH,Cl,
[Co,L (CH;CO0),] 3 Acetone, DM SO, EtOH
[NisL(CH3COO),] 4 Acetone, DMF, DMSO
[Cu(HL)CI(H,0)] 5 DMF, DMSO
[CUzL(H20)4] (NO3)2 6 DMF, DMSO

The physical, analytical and spectral data of the complexes are given in the
Supplementary material to this paper.

NMR spectra of the ligand

The formation of the Schiff base was confirmed by the 1H-NMR and 13C-
-NMR spectra of the ligand. In the IH-NMR spectrum, signals for methylene
protons are present at 2.42 (CH3) and 3.83 ppm (OCHg) and the aromatic protons
appear between 7.48 and 7.70 ppm for the fragment derived from the amine. The
aromatic protons from the fragment derived from the 3-methoxysalicylaldehyde
generate a doublet signal in the range of 6.93 and 7.26 ppm, while the signal of
the proton from the azomethine group appears as singlet at 8.96 ppm. In addition,
the 13C-NMR spectrum contains signals which are characteristic for carbon
atoms derived from both the amine and the aromatic aldehyde, noting that the
characteristic signal for the azomethinic carbon appears at 162.87 ppm. The
signals located at 18.03 and 55.91 ppm in the 13C-NMR spectrum correspond to
the carbon atoms from methyl group of the amine and to the methoxy group of
the 3-methoxysalicylaldehyde, respectively.
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IR spectra

The most important bands in the IR spectra of the ligand (HoL) and com-
plexes 1-7 are presented in the Supplementary material to this paper. The Schiff
base spectrum exhibits two very intense bands, one at 1615 cmL, which can be
attributed to the stretching vibration of the azomethine group v(C=N), and
another one at 1253 cm1, corresponding to the phenolic group v(C-0).1° The
bands at 3439 and 2780 cm1 may be due to the vibration of intermolecular hyd-
rogen bonds. 15,16

The stretching frequencies v(C=N) and v(C-O) show significant shifts
towards lower values within the IR spectra of complexes 1—-7 compared to the
corresponding band in the spectrum of HoL. This means that both the azomethine
nitrogen and the phenolic oxygen atoms are involved in the coordination.1”

In the spectra of complexes 1 and 5, the bands corresponding to the azome-
thine group appear split into two intense bands, one shifted to higher values and
one to lower values, as compared to the corresponding band of the ligand, which
suggests that the two groups are not identical within the complexes. Moreover, in
the spectra of 1 and 5, a band at about 2780 cm1, which is also present in the
spectrum of the ligand, appears, which is probably due to the existence of inter-
molecular hydrogen bonds. However, this band is absent in the spectra of com-
plexes 2—4, 6 and 7. These features of the IR spectra of the complexes 1 and 5,
supported by the elemental analysis data, suggest that only one azomethine group
isinvolved in coordination.12.16

In the spectrum of complex 2, a very intense band at 1102 cmr1 (v3) and a
weak one at 623 cm1 (v4) indicate that the perchlorate ion is present as a free
ion.18 For complexes 3, 4 and 7, the AV = Vagym(COO) — vym(COO) values are
107, 113 and 101 cm3, respectively. According to the literature, 1519 values
lower than 164 cm1 suggest that the acetate group is coordinated in a bidentate
form. In the spectrum of complex 6, a very intense band appears at 1384 cm1,
which can be assigned to the vz vibration mode of nitrate present as a free
ion.15.20

In the spectra of al complexes, the broader bands that appear in the region
3330-3450 cm1 can be assigned to v(OH) for water molecules. The presence of
some water molecules coordinated in complexes 1, 2, 5 and 6 is supported by the
presence of a new band in the range of 700-900 cm1, which can be assigned to
dw(H20).21 New bands of low intensity in the range 400-600 cm1 can be
assigned to the stretching vibrations v(M—-0) and v(M-N).22

UV-Vis—NIR spectra and magnetic moments

The UV-Vis—NIR spectral data for the ligand and the complexes are given
in the Supplementary material to this paper. The electronic spectrum of the
ligand exhibited three bands at 42,500, 25,000 and 19,800 cnmL, which can be
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assigned to T — w* intraligand transitions.23 These bands also appeared in the
spectra of the complexes.

The spectrum of complex 1, in addition to an — m* transition at 25,970 cnr L,
showed bands at 15,380 and at 8,130, 7,220 cmL, which can be assigned to d—d
transitions 4A,—4T1(P) and 4A,—4T(F), respectively, for Co(ll) in atetrahedral
environment. The spectrum of complex 2 also contained an — w* transition at
25,970 cm1 with further bands at 17,240 and 13,700 and at 8,700 and 7,170 cmr1
resulting from d-d transitions. The corresponding transitions for complex 3
appeared at 20,000, 18,520, 10,580 and 7,200 cmr1, respectively. It should be
mentioned that the bands occurring in the visible and infrared regions, and
assigned to the spin-allowed transitions for a 3d’ ion were split into two com-
ponents. Due to the different nature of donor atoms that generate a distorted
tetrahedral stereochemistry, a decrease of the symmetry and an increase in the 4T
levels degeneracy occurs. The values of spectral parameters 10Dq, B and £ for
the Co complexes, presented in Table I, are in agreement with a pseudo-tetra-
hedral stereochemistry. It can be noticed that the values of the spectral para-
meters for the cobalt complexes are similar. The values of the magnetic moments
of Co(Il) complexes, presented in Table II, were between 4.11 and 4.84 pg,
which are characteristic for Co(I1) with a pseudo-tetrahedral geometry.23.24

TABLE II. Crystal field parameters and magnetic moments for complexes 1-4
Crystal field parameters

Compound 10Dq/ et B B eit/ He
[Co(HL)CI(H,0)] () 4494 73 075 411
[CosL (H,0)41(CIO); (2) 4720 722 074 457
[CopL (CH5COO),] (3) 4589 853 087 4.84
[NizL (CH3CO0),] (4) - - - Dia

For complex 4, in addition to the 1 — w* intraligand transition at 35,710
cm—1, the two bands at 19,230 and 15,750 cm~1 can be assigned to the
TA15—1B1g and 1A 1g—1Byg transitions, respectively. This spectrum suggests the
presence of a square-planar stereochemistry for the Ni(ll) ion, which was con-
firmed by the diamagnetic behaviour of this compound.23.2

The spectra of the Cu(ll) complexes 5-7 showed a 1 — n* transition at
25,640, 25,640 and 25,970 cm1, respectively, and in the visible range, a wide
and asymmetric band centred at 12,660, 14,285 and 13,245 cm1, respectively,
corresponding to the dyy—dz2 x2y2 transition. In the case of compounds 6 and 7, a
shoulder appears at lower wavenumbers corresponding to the dyy—dyzy, tran-
sition. The presence of absorption maxima at lower energy indicates alarge num-
ber of oxygen atoms in the donor atoms set together with nitrogen atoms, for a
pseudo-tetrahedral stereochemistry.26 The magnetic moment values for com-
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plexes 5-7 were, respectively, 2.12, 1.97 and 2.03 pg, which are characteristic of
metal ions with ad® configuration and one unpaired electron.23.27

EPR spectra

The EPR spectra of the Cu complexes as powders were recorded both at
room temperature (293 K) and at liquid nitrogen temperature (77 K). The signals
obtained did not show any significant differences at these temperatures; hence,
the geometry around the copper ion was not affected by cooling. The EPR signals
of these samples measured at room temperature are specific for Cu(ll) ionswith a
tetrahedral or pseudo-tetrahedral geometry.

The signal of sample 5 was wide (about 300 G) and centred at gp = 2.117
and on cooling, its width decreased to 270 G and gg = 2.12328 (Fig. 2).

8

T T 1 T T T T T T T T
2600 2800 3000 3200 3400 3600 Fig. 2. EPR spectra of complexes
Magnetic field, G 5-7 powders.

Complexes 6 and 7 exhibited an asymmetric signal (Fig. 2), significantly
expanded in the lower field area, which indicates axial distortion with a tendency
of resolving the hyperfine structure, due to the interaction of the unpaired elec-
tron with the nuclear spin of copper.

This tendency, determined by the nuclear electron-spin interaction, was more
noticeable in the spectrum of sample 6, especialy at 77 K, when the signal was
more intense, but the split value could not be determined (probably Ay = 150 G).
The asymmetry was also well emphasized in the derivative signals (d2 represents
the second derivative of the absorption curve).2° The gg parameter, correspond-
ing to the spectrum intersection with the baseline, had a value (2.102+0.01) for 6
and (2.092+0.001) for 7, both at room temperature and at 77 K (Fig. 3). The peak
widths were within the range 200 to 250 G.30.31
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293 K

, . . . : : i : Fig. 3. The EPR spectra of the sample
2400 2800 3200 3600 4000 6 powder registered at 293 K and 77
Magnetic field, G K with the signal derivative (d?).

Thermal analysis

Thermal decomposition the complexes 1 and 7 under air was studied in order
to determine the presence and nature of water molecules. The thermogravimetric
curves show two major decomposition stages (Table I11).

TABLE IIl. Thermal analysis data for the complexes 1 and 7
Temperaturerange  Mass|loss, %

Compound oC Exp. Calcd. Processes
[Co(HL)CI(H,0)] (1) 100-180 3.40 3.08 Dehydration
180-590 86.13 86.15  Okxidative degradation
of theligand
590-800 1247 1277 Residue Co30,
[Cu,L (CH5COO0),]-H,0 (7) 50-150 2.65 291 Dehydration
150490 86.64 8598  Okxidative degradation
of the ligand
490-800 1071 1111 Residue CuO

The first stage corresponds to the elimination of crystallisation water and of
coordinated water.

The second stage includes all the processes comprising the detachment of the
ligand and of other groups from the metal ion, the removal of chlorine and ligand
oxidation, finally resulting in the formation of the metal oxide as aresidue.32

Based on these data, the water molecule can be considered as coordinated in
complex 1 whileit is crystallization water in complex 7.33

Antimicrobial activity

The results showed that the ligand and the complexes have no antibacterial
activity, but they are fungicidal. The ligand and complexes 2, 3, 6 and 7 exhibited
the best inhibitory activity over the Candida albicans species. Therefore, the
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quantitative antimicrobial activity (MIC values in pg mL—1) for the most active
compounds were determined by measuring the diameters of the inhibition zone
generated by the compounds on both the standard and clinically isolated multi-
drug resistant fungal strains.34 The solvent (DMSO) had no antimicrobial acti-
vity, this fact representing a great advantage in the testing the complexes and the
ligand, which are insoluble in water.3°

The ligand and complexes 2 and 3 had a pronounced ability to destroy the
fungi (MIC = 62.5 pg mL—1), while complexes 6 and 7 exhibited poor fungicidal
activity (MIC > 500 pug mL-1). The MIC values of the Co(ll) complexes were
lower than those of the Cu(ll) complexes, which suggests an influence of the
metal ion on the capacity to inhibit the growth of the fungi.

CONCLUSIONS

The 2,2’-[(3,3'-dimethyl[1,1’-biphenyl]-4,4’-diylbis(nitrilomethylidyne)]bis-
[6-methoxyphenol] (HoL) ligand containing two donor centres was synthesised
and characterised by spectral data. The ligand has tetradentate dianionic beha-
viour (N2O») in all the complexes, except for the Co(l1) and Cu(ll) chloride com-
plexes, where the ligand behaves as a bidentate monoanionic species (NO),
according to the IR data. The ligand is able to coordinate the metal ionsin atetra-
hedral, pseudo-tetrahedral or square planar geometry, as indicated by the electro-
nic, EPR and magnetic data. The antimicrobial activity of the complexes was
tested and it was found that the ligand and its complexes have fungicidal activity.
The structural formulas suggested for the complexes 1-7 are presented in Figs.
4-6, respectively.36

< } HQ,C f:i z
HSCO OCH;,

HZO

Fig. 4. Structural formulas proposed for the complexes [M(HL)CI(H,0)], where M = Co(ll)
(2) and Cu(ll) (5).

o OCH,| X,

Fig. 5. Structural formulas proposed for the complexes [M,L (H,0)4] X, , where M = Co(ll), X
= ClO4 (2) and M = Cu(ll), X = NO3 (6).
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H;]C CHE
OO
/ \n\‘o OCHj
gae]

Qo e

HiC CHj

Fig. 6. Structural formulas proposed for the complexes [M,L(CH;COO),], where M = Co(ll)
(3), Ni(ll) (4) and Cu(ll) (7).

SUPPLEMENTARY MATERIAL

Physical, analytic and spectral data for the ligand and complexes are available elec-
tronically from http://www.shd.org.rs/JSCY/, or from the corresponding author on regquest.
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H3BO[J

HOBHU KOMIIJIEKCH CO(II), Ni(II) ¥ Cu(1I) CA IIMPOBOM BA30OM 2,2'-[(3,3"-
-OIUMETWII[1,1-BU®EHWIT]-4,4’-TUUIIBUC(HUTPUJIOMETUWINIUH)]-
BUC[6-METOKCH®EHOJI]

IONELA ALANl, ANGELA KRIZAl, OLGUTA DRACEA” u NICOLAE STANICA®

1Un1’versjty of Bucharest, Faculty of Chemistry, Inorganic Chemistry Department, 23 Dumbrava Rosie Street, 020462
Bucharest, Romania, ~ “Cantacuzino” National Institute for Research in Microbiology and Immunology, 103 Spl.
Independentei, 050096 Bucharest, Romania u 31]1'6 Murgulescu, Institute of Physical Chemistry, Romanian Academy,
202 Spl. Independentei, 77208 Bucharest, Romania

Y oBoM pany, cuHTethcaHa je Iudosa daza, 2,2-[(3,3"-numerun[1,1’-oudenun]-4,4"-
-IUANOUC(HUTPUWIOMETUINANH ) |6uc|6-meTokcudenon] (HpL), xao u oprosapajyhu kom-
mwiekcd Co(I1), Ni(I1) wnu Cu(Il) onure dopmyne [M(HL)CI(H,0)] (M = Co(II) u Cu(Il)),
[M;L(H20)4]X; (M = Co(I1), X = ClO4 1 M = Cu(Il), X = NO3) u [M;L(CH3C00);] (M =
= Co(II), Ni(II) unu Cu(II)). Ilopen enemMeHTalHe MUKpPOaHa/IU3€, MEPEba ITPOBOJBUBOCTH U
MarHeTHOr MOMEHTa Ha CODOHOj TeMmIepaTypH, 3a KapaKTepusaldjy JUraHza U KOMIUIeKca cy
ynorpebmeHe IR, NMR, UV-Vis—NIR u EPR cnekrpockoncke mMerone, Ka0 U TepMOTPaBH-
MeTpHjcka aHanu3a. [[pUMEHOM eJeMEeHTalHe MHUKpoaHanu3e ofpeheH je y UCIUTHBaHUM
kommnekcuma 1:1 u 1:2 moncku opgHoc usmely nuraHga U joHa MerTana. Komiuiekc Ko-
danTa(ll) ca mepxmopaToM Kao KOHTpa-aHjOHOM je eeKTPOJIUT, BOK Cy OCTalIu UCIHTHBAHU
KOMIUIEKCH HeelneKTPONUTH. Ha OCHOBY CHEKTPOCKONCKHX IojaTaka, HMpPEeTIOCTaB/beHa je
TeTpaefapcka, rceyno-Terpaesapcka M KBaipaTHO-IUIaHAPHA FeOMETPHja CHHTeTHCAHUX KOM-
iekca. AHTUMHUKpPOOHA MCIMTHBama Cy IOKas3aja fia JIMraHf U ojrosapajyhu KoMIUIEKCH
HMMajy QYHTULUOHY aKTUBHOCT.

(ITpumibeHo 13. jyHa, peunupano 3. HoBembpa 2012)
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New complexes of Co(II), Ni(IT) and Cu(II) with the Schiff base
2,2'-[(3,3’-dimethyl[1,1’-biphenyl]-4,4’-diylbis-
(nitrilomethylidyne)]bis[6-methoxyphenol]
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202 Spl. Independentei, 77208 Bucharest, Romania

J. Serb. Chem. Soc. 78 (7) (2013) 947-957
PHYSICAL, ANALYTIC AND SPECTRAL DATA FOR THE LIGAND
2,2%[(3,3 “dimethyl[1, 1 ~biphenyl]-4,4 “diylbis(nitrilomethylidyne) ] bis [ 6-

-methoxyphenol] (H>L). Reddish orange; Yield: 72 %; m.p.: 219.5 °C; Anal.
Calcd. for C39HpgN>0Og4: C, 74.98; H, 5.87; N, 5.82 %. Found: C, 74.44; H, 5.41;
N, 5.89 %; IR (KBr, cm!): 3439 (O-H), 1615 (C=N), 1253 (C-O); 'H-NMR
(300 MHz, DMSO-dg, 6 / ppm): 8.96 (2H, s, -CH=N), 7.70 (2H, d, J = 2.2 Hz,
aromatic), 7.66 (2H, dd, aromatic, J = 8.3 Hz), 7.48 (2H, d, aromatic, J = 8.3 Hz),
7.26 (2H, dd, J = 7.8 Hz, aromatic), 7.15 (2H, dd, J = 7.8 Hz, aromatic), 6.93
(2H, t, J = 7.8 Hz, aromatic,), 3.83 (6H, s, OCH3), 2.42 (6H, s, CH3); 13C-NMR
(75 MHz, DMSO-dg, ¢ / ppm): 162.87 (C-1, C-1"), 119.36 (C-2, C-2'), 145.80
(C-3, C-3"), 148.00 (C-4, C-4"), 115.58 (C-5, C-5"), 118.65 (C-6, C-6"), 124.02
(C-7, C-7", 150.90 (C-9, C-9"), 132.29 (C-10, C-10"), 132.15 (C-11, C-11"),
137.94 (C-12, C-12"), 128.67 (C-13, C-13"), 125.24 (C-14, C-14"), 18.03 (CHj3),
55.91 (OCHj3); UV—Vis (bulk, Amax / cm1): 42,500, 25,000, 19,800.

PHYSICAL, ANALYTIC AND SPECTRAL DATA FOR THE COMPLEXES 1-7

[Co(HL)CI(H;O)] (1). Green; Yield: 65 %; m.p.: 310 °C; Anal. Calcd. for
C30H29C1 CoN»Os: C, 60.08; H, 4.93; Co, 9.95; N, 4.73 %. Found: C, 60.55; H,
4.92; Co, 9.69; N, 4.95 %; FTIR (KBR, cm!): 3648 (O-H), 1636 (C=N), 1605
(C=N), 1243 (C-0), 570 (Co-0), 423 (Co-N); UV—Vis (bulk, Amax / cm1):
25,970, 15,380, 8,130, 7,220; Ay (acetone, 10> M, Q-1 cm? mol-!): 10.4.

* Corresponding author. E-mail: ionelaalan@yahoo.com
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[CosL(H>0)4](ClOy4)> (2). Green; Yield: 60 %; Anal. Calcd. for
C30H34C1,CosN2O14: C, 41.54; H, 3.95; Co, 13.58; N, 3.22 %. Found: C, 41.78;
H, 4.34; Co, 13.42; N, 3.56 %; FTIR (KBr, cm™!): 3444 (O-H), 1608 (C=N),
1245 (C-0), 1102, (anion), 623 (anion), 570 (Co-0), 446 (Co—N); UV-Vis (bulk,
Jmax / cm1): 25,970, 17,240, 13,700, 8,700, 7,170; A (acetone, 103 M, Q! cm?
mol-1): 105.

[CosL(CH3COO0);] (3). Greenish brown; Yield: 62 %; m.p.: >330 °C; Anal.
Calcd. for C34H37CoyN5»Og: C, 57.15; H, 4.51; Co, 16.49; N, 3.92 %. Found: C,
56.83; H, 4.64; Co, 16.74; N, 4.12 %; FTIR (KBr, cm™!): 3421 (O-H), 1606
(C=N), 1541 (anion), 1434 (anion), 1243 (C-0), 550 (Co-0), 422 (Co—N); UV—
—Vis (bulk, Amax / cm1): 20,000, 18,520, 10,580, 7,200; Ay (EtOH, 103 M, Q!
cm? mol-1): 18.1.

[Ni>?L(CH3COO),] (4). Brown; Yield: 56 %; m.p.: >330 °C; Anal. Calcd. for
C34H3oNoNi»Og: C, 57.19; H, 4.51; N, 3.92; Ni, 16.44 %. Found: C, 56.83; H,
4.64; N, 4.12 4.62; Ni, 16.74 %; FTIR (KBr, cm™1): 1609 C=N), 1547 (anion),
1434 (anion), 1237 (C-0), 537 (Ni-0), 421 (Ni-N); UV—Vis (bulk, Amax / cm™1):
35,710, 19,230, 15,750; App (acetone, 1073 M, Q1 cm?2 mol-1): 2.8.

[Cu(HL)CI(H>0)] (5). Dark brown; Yield: 71 %; m.p.: 297 °C; Anal. Calcd.
for C39H9CICuN,Os: C, 60.39; H, 4.89; Cu, 10.65; N, 4.69 %. Found: C, 60.75
60.75; H, 4.62; Cu, 9.87 9.87; N, 4.15 %; FTIR (KBr, cm1): 3498 (O-H), 1618
(C=N), 1594 (C=N), 1242 (C-0), 578 (Cu-0), 435 (Cu—N); UV—Vis (bulk, Amax
/ em~1): 25,64, 12,660; Ay (DMF, 103 M, Q! cm?2 mol-1): 10.2.

[CusL(H>0)4](NO3), (6): Light brown; Yield: 53 %; m.p.>330 °C; Anal.
Calcd. for C3gH34CupN4O14: C, 44.94; H, 4.27; Cu, 15.85; N, 6.98 %. Found: C,
44.72; H, 4.23; Cu, 15.43; N, 6.36 %; FTIR (KBr, cm™!): 3441 1610 (C=N),
1384 (anion), 1243 (C-0), 578 (Cu-0), 466 (Cu-N); UV—Vis (bulk, Apax / cm1):
25,640, 12,660, 10,200; Ap; (DMF, 1073 M, Q! cm?2 mol-1): 123.0.

[CupsL(CH3COO),] (7). Light brown; Yield: 59 %; m.p.: >330 °C; Anal.
Calcd. for C34H3,CupN,Og: C, 56.42; H, 4.45; Cu, 17.56; N, 3.87 %. Found: C,
56.88; H, 4.72; Cu, 16.98; N, 4.11 %; FTIR (KBr, cm™!): 3443 (O-H), 1605
(C=N), 1543 (anion), 1442 (anion), 1242 (C-0), 596 (Cu-0), 437 (Cu—N); UV-
~Vis (bulk, Amax / cm™1): 25,970, 13,245, 11,695.
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Abstract: CO, capture by 1-(3-aminopropyl)-3-ethylimidazolium ([Apeim]*)
tetrafluoroborate ([BF4]") ionic liquid (IL) was systematically explored at the
B3LYP/6-311++G** and mp2/6-311++G** levels. The stable geometries of
the ILs and the capture products were optimized, the energies of these geo-
metries were obtained and corrected by zero-point-vibration-energy and basis
set superposition error correction. The results show that the interactions
between [Apeim]* and [BF,4]" are mainly displayed as hydrogen bonds, but the
interaction energies exceed —328 kJ mol-L. Further analysis found that the
interactions are reinforced by charge dispersion and charge redistribution of the
ion-pair, and that electrostatic attraction contributes a great deal to the inter-
action energies. This IL system capturing CO, belongs to the class of physical
absorption with a 1:1 molar absorption ratio; the absorption energy is nearly —
18 kJ mol-1 and thus, this IL may require low energy consumption when rege-
nerated from IL—CO,.

Keywords: ionic liquid; CO, capture; absorption; charge redistribution.

INTRODUCTION

Nowadays, CO» capture is an urgent issue in the academic circles. On the
one hand, as one of the main greenhouse gases, the dramatic increase in the emis-
sion of CO> is becoming a potential hazard to the environment. On the other
hand, CO5 is aso widely used in many fields as a raw material. Due to the
unigue properties (negligible vapor pressures, high thermal stabilities, excellent
CO» solubility, and designability),111 jonic liquids (1Ls) may offer a new oppor-
tunity for developing novel capture technologies that are capable of reversibly
capturing CO» with high efficiency. However, many problems have not been
solved for the limitations of the experimental technology, such as the structures,
the interactions between cations and anions, the mechanisms for capturing CO»,

Corresponding author. E-mail: zhaoyi9515@163.com
doi: 10.2298/JSC121018120Y
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etc. These problems have become a bottleneck in the design of functional ILs for
specia purpose. Therefore, it is necessary and important to perform studies on
series of ILs to solve the above-mentioned problems by using theoretical methods,
which will reduce the experimental blindness and help in the design and syn-
thesis of functional ILs with satisfactory properties.

The focus of the present work was 1-(3-aminopropyl)-3-ethylimidazolium
(JApeim]*) tetrafluoroborate ([BF4]7) IL and its reactions with CO,. Computa-
tional quantum chemistry methods were used for optimizing the possible stable
geometries of the ILs and the capture products. By employing natural bond orbi-
tal (NBO) calculations, the influence of charge redistribution on interaction force
between the ion-pair, as well as between the IL and CO,, In addition, the inter-
action characteristics and the absorbing interaction mechanism were investigated
using the atom in molecular theory (AIM) and the electron density topological
theory.

THEORETICAL METHODS

Bearing in mind that the DFT method can yield reliable characteristics for geometries
with low computational cost, all the geometry optimization works were performed to a mini-
mum for al initial geometries with full freedoms and with no constraints for the symmetry of
their initial structure, except for [BF,4]™ for T4, and frequency analysis was employed to check
the correctness of the minimum points at the B3LY P /6-311++G(d,p) level. However, B3LYP
may not be able to offer sound and reliable energy results when describing systems with very
weak interactions, such as ILs capturing CO,, thus the single point energy of stable geometries
were computed at the MP2/6-311++G** level. ZPE corrections for the total energy (E;) and
the relative energies (E;) were obtained based on B3LY P/6-311++G(d,p) frequency results.
The interaction characteristics and mechanisms were predicted by adopting NBO and AIM
calculations and electron density topological analysis. All the computation works were com-
pleted by employing Gaussian 0312 and AIM 20002 programs.

RESULTSAND DISCUSSION

In order to find the stable geometries of the IL and the capture products
resulting from the absorption of CO» by the IL, the possible geometries of the IL
were guessed. First, the geometries of [BF4]~ and [Apeim]* were optimized, and
the optimized [BF4]~ were placed in the possible positions around the optimized
geometry of [Apeim]*, and then, eight geometries of the IL were guessed totally.
Subsequently, optimization calculations for these guessed geometries were per-
formed and two stable conformers, named AIL and BIL are shown in Fig. 1.
Finally, the geometries of the capture products were predicted when CO» was
introduced into the possible positions around AIL and BIL, and the optimization
calculations found two stable geometries, which are named AIL—-CO» and BIL—
—COo (shown in Fig. 2). All the geometry optimizations were performed with all
the degrees of freedom relaxed and no symmetry constraints, except for the iso-
lated [BF4]™ for Tg.
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Energies of the stable species

The total energies (Ey), relative energies(E,), zero-point energy (ZPE) and
basis set superposition error (BSSE) of all species are given in Table |. The total
energy of isolated [Apeim]* and [BF4]~ and the total energy of isolated AIL and
CO, were set as zero point datum marks of energy.

The energy change (AE(IL)) between an IL and the isolated ions is com-
monly used to estimate the interaction energy between the ion-pair of an IL,
which, in the present case, can be calculated from AE(IL) = E([BF4") +
E([Apeim]*) — E(IL). It could be observed that AE(AIL) is 359.69 kJ mol—1 and
AE(BIL) is 328.19 kJ mol=L, which indicates that AE(AIL) is only 31.5 kJ mol—1
greater than that of AE(BIL). Hence, it could be predicted that both AIL and BIL
are stable geometries and that AIL may be the main geometry of the
[Apeim][BF4] IL. Whereas, it can be observed from Fig. 1 that the interactions
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between [[Apeim]* and [BF4]~ are mainly displayed as hydrogen bonds (HBS)
and the energy of these HBs is far less than the value of AE(IL), so there must be
other stronger interaction forces between the ion-pair besides these HBs, and it is
necessary to perform further NBO and AIM investigations.

F
B3 ’)3 01017
F i
,02165% 02414 'q'
02267 - ‘02205 'F3 top 010%

2400
umm hzs‘m

IJ 133
nl] 109 1335
nw

“13

Fig. 2. Geometry of AIL-CO, and
BIL—CO, with atomic numbering
and bond lengths in nm. A solid
F@"J line denotes a normal chemical
BI1-C0, ‘: bond; a dot line denotes a hydrogen
3 bond or aweak chemical bonds.

02341 ~

TABLE |. The energies of all species corrected by ZPE and BSSE

. ZPE BSSE E; E,
Species au. au. a.u. mol! kJ mol-1
[Apeim]* + [BF4] 0.2564 0.0000 —900.7603 0.0000
AlL 0.2583 0.0024 —900.8973 —-359.69
BIL 0.2585 0.0023 -900.8853 -328.19
AlL +CO, 0.2700 0.0024 —1089.0918 0.0000
Al L-CO, 0.2706 0.0026 —1089.0999 -21.01
BIL +CO, 0.2702 0.0023 -1089.0797 31.76
B| L—CO, 0.2709 0.0034 —1089.0923 -1.26

Table | also shows that the relative energies of AIL—CO, and BIL-CO, are
—21.01 and 31.76 kJ mol—L, respectively, i.e., AIL capturing CO5 is an exothermic
reaction while BIL capturing CO» is an endothermic reaction. Thus, the relative
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energy of AIL—CO5 is 52.77 kJ mol—1 lower than that of BIL-CO, and further-
more, AL is the most likely geometry; hence, AIL—CO5 is the most likely stable
product of this IL capturing CO». AE(IL-CO5) was aso used to estimate the
interaction energy between IL and CO», calculated according to AE(IL-CO») =
= E(IL) + E(COy) — E(IL-COy). AE (AIL-CO») is 20.01 kJ mol-1, which means
that the interaction between AIL and CO5 is a strong intermolecular interaction
force, the reaction of AIL capturing COs is physical absorption and IL-CO, is a
molecular complex. It could be further speculated that the desorption of CO»
from AIL-CO, might be a low energy consumption process. For the sake of
simplification, AIL together with AIL—CO, are used as examples to illustrate the
research details throughout this paper.

Geometry structures of theionic liquid

The geometries given in Fig. 1 show that there are five hydrogen bonds
(HBs) and a weak bond of F31---C2 between the ion-pair in AIL. The five HBs
are F28---H12-C2 (0.2165 nm), F28.--H21-C8 (0.2414 nm), F30---H16-C6
(0.2267 nm), F30---H12—C2 (0.2205 nm) and F31.--H23-C9 (0.2400 nm). The
HB strength order is F28---H12-C2 > F30---H12-C2 > F30---H16-C6 >
> F28---H21-C8 > F31:---H23-C9. Obviously, the bond length could be a simple
criterion for the formation of HBs or weak chemical bonds when classic HBs or
weak chemical bonds are investigated, and the shorter the bond length, the
stronger is the bond. The bond lengths of the five HBs are dlightly shorter than
the van der Waals radii (Pauling) of F and H (0.245 nm)14, that is to say, they
pertain to normal HBs. The bond length of F31:--C2 (0.2879 nm) is much longer
than a normal F—C chemical bond, which means that it is a very weak. However,
the interaction energy between the ion-pair in AIL is far beyond the bond energy
of the five HBs and F31---C2. It could be observed from Fig. 1 that the C2—H12
bond length is lengthened resulting from the electrons on the H atom transferring
to form the HB or another weak chemical bond, this phenomenon being called an
“electron transfer effect”. Moreover, the C2-N1 and C2-N3 bond lengths are
shortened by 0.0003 and 0.0002 nm, respectively, in spite of C2 involvement in
F31---C2 formation. These abnormal bond length changes depart from the “elec-
tron transfer effect”. In addition, another particular phenomenon is that H12 par-
ticipates in the formation of two HBs, i.e.,, F30---H12-C2 and F28.--H12-C2,
simultaneously despite the saturation characteristic of a HB.

Geometries of the molecular complexes

It can be seen from Fig. 2 that AIL—CO> is produced when CO is absorbed
by AIL and the molar absorption ratio is 1:1. The main interactions between AlL
and CO» are through the C33---N11 (0.2265 nm) and O34---H22-C9 (0.2147
nm) bonds. The bond lengths of these two chemical bonds are shorter than the
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van der Waals radii of the corresponding two atoms. Additionally, C10-N11,
N11-H26 and N11-H27 participate in the formation of C33---N11 and they are
elongated by the “eectron transfer effect”. The C9-H22 bond is abnormally
shortened, although it is involved in the formation of the C10-H26---O38 HB.
This particular phenomenon possibly influences the absorption of CO, by AlIL.
Therefore, it was essential to determine the reasons for these abnormal pheno-
mena by using NBO and AIM research.

Freguency analysis

The frequency calculations suggest that the two optimized geometries of the
IL and the two capture products have no imaginary vibration frequency, which
confirmed their stability. The interactions between cation and anion resulted in

the breakage of Tgq symmetry in [BF4]~ and a shift of the vibration frequencies,
which are consistent with the bond strength changes.

The NBO analysis

In order to reveal how the charge population affects the interaction forces
between the ion-pair, as well as between the IL and CO,, NBO atomic charges
were calculated and analyzed. The NBO net charges of atoms and group frag-
ments are given in Tables Il and 111, respectively. Here, AIL and AIL-CO» are
considered.

TABLE II. The net integral atomic chargesin all stable species

Atom Cation AlL AIL-CO, BIL BIL-CO, [BF4

N1 —0.34404 -0.35775 -0.35546 -0.33081 —0.32983 B 1.33356

C2 0.29607  0.32491 0.32493 0.27236 0.28145 F —0.58339
N3 -0.35099 -0.36037 -0.36168 -0.36669 —0.36724 F —0.58339
C4 -0.00877 -0.01895 -0.02289 -0.03748 —0.03488 F —0.58339
C5 -0.00410 -0.02061 -0.02134 0.01462 0.01487 F —0.58339
C6 -0.16613 -0.17909 -0.17901 -0.16426 -0.16321 CO,

C7 -0.58896 -0.58095 -0.58031 -0.58466 —0.58438 C 0.99076
C8 -0.16354 -0.16242 -0.16145 -0.19660 —0.18859 O —0.49538
co -0.40064 -0.41316 -0.42047 -0.40706 —0.41165 O —0.49538
C10 -0.17975 -0.17647 -0.17471 -0.17147 -0.17216 -

N11 -0.84167 -0.84403 -0.85638 -0.87076 —0.88013 -

H12 0.23630  0.27921 0.28054 0.22692 0.22765 -

H13 0.24574  0.22713 0.22774 0.23053 0.22943 -

H14 0.24523  0.22997 0.23247 0.29558 0.29032 -

H15 0.22086  0.20377 0.20338 0.21133 0.20896 -

H16 0.21553  0.25894 0.25852 0.20730 0.20628 -

H17 0.21250  0.21861 0.21855 0.21063 0.21067 -

H18 0.21443  0.20878 0.20912 0.20998 0.21471 -

H19 0.23457  0.19838 0.19838 0.21871 0.21653 -

H20 0.22006  0.19693 0.19742 0.25522 0.26627 -
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TABLE Il. Continued

Atom  Cation AlL AIL—CO, BIL BIL—CO, [BF,
H21 021526 024130 024235 025503  0.22318 -
H22 020094 019589 020497  0.20054  0.20738 -
H23 021524 024133 024157 018781  0.19170 -
H24 016436 017229 017368 016834  0.16705 -
H25 018832 017168 017477 018433  0.18599 -

H26 0.3550 0.35272 0.35744 0.39004 0.39408 -
H27 0.36816  0.35385 0.35852 0.35529 0.35817 -
F28 - -0.58795 -0.58899 -0.58497 —0.58436 -
F29 - -0.53967 -0.53958 -0.58687 —0.58917 -
F30 - -0.58580 0.58571 -0.54363 —0.54143 -
F31 - -0.57938 -0.57888 -0.58416 —0.58078 -
B32 - 1.33093 1.33156 1.33484 1.33664 -
C33 - - 1.00935 - 1.02160 -
034 - - —0.52348 - —0.54636 -
035 — — —0.49491 — —0.47876 —

TABLE IIl. The net integral charges of the main groups

Species [Apeim]* AL AlL—CO, BIL BIL-CO,
Ethyl 0.34280 0.32844 0.32863 0.30903 0.30956
Imidazole 0.31544 0.30354 0.30431 0.30503 0.31177
Aminopropyl 0.34174 0.32991 0.33771 0.35071 0.34129
[BF4 - -0.96187 -0.96160 -0.96479 -0.95910
CO, - - —0.00904 - -0.00352

Theoretically, the unit charge of isolated [Apeim]* should belong to the N3
atom, but from Table Il it can be seen that some of the unit positive charge
disperses over the whole cation, with +0.34280 charge transferring to the ethyl,
+0.34174 charge transferring to the aminopropyl group, and the remaining
+0.31544 charge disperses over the imidazole ring. The unit negative charge dis-
perses over the whole [BF4]—, which leads to an increase in the net negative
charges of the F atoms (see Table I1), which is beneficial for the HBs.

It could be observed from the charge data of the isolated ions and AIL in
Table 111 that the negative charge of [BF4]~ becomes —0.96205 when AlL is
formed; in other words, the unit negative charge of [BF4]~ disperses over the
whole AlL, with —0.03813 electrons transferring from [BF4]~ to [Apeim]*, which
results in the positive charges of imidazole, ethyl and aminopropyl decreasing by
0.01190, 0.01436 and 0.01183, respectively. Additionally, the atomic positive
chargesin AIL must decrease and the atomic negative charges must increase after
receiving the electrons coming from [BF4]~. The atomic charges given in Table |
suggest that most of the atomic charges changes accord with the above theo-
retical deduction, yet some deviate. For example, the atomic positive charge of
C2, H12, H16, H17, H21, H23 and H24 are increased by 0.02884, 0.04291,
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0.04341, 0.00611, 0.02604, 0.02609 and 0.00793, respectively, the atomic nega-
tive charge of C7, C8 and C10 are decreased abnormally by 0.0080, 0.0011 and
0.0033, respectively. These abnormal atomic charge changes imply that the unit
positive charge of [Apeim]* must redistribute together with the dispersing of the
unit negative charge of [BF4]~. Furthermore, the charge dispersion and distribu-
tion may have some influence on the interactions between the ion-pair, as well as
between IL and COo, which will be discussed in the next paragraph.

It is obvious that F31---C2 is a very weak chemical bond and the bond
length of the five C-H---F HBs in AIL are much longer than that of a normal
C—H---F HB (about 0.163 nm), which means that each of the hydrogen-bonding
energy in AIL should be smaller than that of a normal C—H---F HB (about 28 kJ
mol—1), whereas it is directly opposite. All these extraordinary phenomena may
be due to the electrostatic attraction force between the ion-pair. The atomic
charge of Finisolated [BF4]~is—0.58339 (Table Il), which is so large that it can
easily form a strong HB. Moreover, the charges of F28 and F30 in AIL become
—0.58795 and —0.58580; the atomic positive charges of H12, H16 and H21
change from 0.23630 to 0.27921, from 0.21553 to 0.25894 and from 0.21526 to
0.24130, respectively. Both the increasing of negative charge of the F atom and
the positive charges of the H atoms are propitious to strengthening the electro-
static attraction between F and H, so the hydrogen-bonding energies of the five
HBs are far beyond those of norma HBs. The strengthened electrostatic attrac-
tion force is displayed as HBs and it is the reason of the involvement of F28 and
F30 in two HBs simultaneously. Additionally the atomic negative charge of F31
(-0.57938) in AIL is dlightly smaller than in a single [BF4]~, but it is enough to
form an HB, and the positive charge of H23 becomes larger (from 0.21524 to
0.24133), therefore, F31---H23-C9 can be formed. Overall, all the atomic posi-
tive charges of H involved in HB formation are increased, which is beneficia to
reinforce the interaction forces between the ion-pair and stabilize the IL system.

The atomic charge changes caused by charge dispersion and redistribution
can also explain the abnormal shortening of the C2-N1 and C2-N3 bonds. Both
the atomic positive charge of C2 (changes from 0.29607 to 0.32491) and the
atomic negative charges of N1 (changes from —0.34404 to —0.35775) and N3
(changes from —0.35099 to —0.36037) contribute to the strengthening of the C2—
—N1 and C2-N3 bonds, and the strengthening effect exceeds the weakening
effect caused by the “electron transfer effect”. Thus, the comprehensive result is
that C2-N1 and C2-N3 bonds are strengthened. In addition, some of the other
normal chemical bonds are either strengthened or weakened because of the ato-
mic charge changes, but these changes are not remarkable.

AIL is the main geometry and AIL—CO is the main product of CO, capture
by IL. Thus in this part, AIL—CO is taken as an example to discuss the charge
distributions and their consequences for CO, capture by AIL.
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Table 11 shows that —0.00904 electrons transfer from AIL to CO, when AlL
combines with CO». The charge change of [BF4]~ is only —0.00027. In other
words, the —0.00904 electron mostly comes from [Apeim]*, which should theo-
retically result in increasing atomic positive charges or decreasing atomic nega-
tive charges in [Apeim]*. However, the atomic negative charges of N3, C4, C5,
C9 and N11 are somewhat increased and the atomic positive charge of H15, H16,
H17 and F28 are somewhat decreased (Table 11). Hence, the charge must redis-
tribute over the whole AIL—CO, system for a secondary time during the process
of AIL combination with CO,, which results in some changes in the atomic
charges in [Apeim]™ and the second charge redistribution contributes further to
reinforcement of the absorptive interaction force. For instance, the atomic nega-
tive charge of N11 isincreased by —0.00124, the positive charge of C33 (1.00935)
is greater than that of the C atom (0.99076) in an isolated CO, molecule. Both
these atomic charge changes on N11 and C33 are beneficia to the electrostatic
attraction force between the two atoms. The atomic charge of H22 changes from
0.19589 to 0.20497, and the atomic charge of O34 (—0.52348) is greater than that
of an isolated CO, molecule; thus the reinforced electrostatic attraction between
034 and H22 reinforce the combination interactions between AlL and CO,.

The above analysis suggests that the charge dispersion and redistribution are
beneficia by reinforcing both the interactions between the ion-pair and the com-
bination interaction force between AIL and CO». In order to research the energy
contribution of electrostatic attraction force, the orbital interaction energy of
these weak chemical bonds in AL and AIL—-CO, were calculated. The results
show that the total orbital interaction energy of the six weak chemical bonds in
AIL are less than 10 kJ mol—1; hence, most of the interaction energy comes from
a non-orbital interaction force, which proves the prediction that electrostatic
interaction force plays a dominant role in this IL system. In aword, when attempts
are made to change the physical or chemica properties of an ionic liquid, the
electrostatic attraction force has to be considered. The total orbital interaction
energy of the two weak chemical bonds between AIL and CO, are 1.65 kJ mol—1,
i.e, most of the interaction energy between AIL and CO» is non-orbital inter-
action energy and electrostatic attraction may play a dominant role in CO» cap-
ture by AIL. Thus, thisis a further evidence that CO, capture by AIL is a physical
absorption process and the interactions between AL and CO, are strong inter-
molecular interactions. Therefore, in future studies, it is vital that a series of
research on how to influence the charge distribution be realized, which could aid
in the design of functionalized ILsto satisfy the set requirements.

Electronic density topological analyses

Based on the Baderl3 theory of Atomsin Molecules (AIM), if thereis abond
critical point (BCP) between two atoms in a molecule, they must form a chemi-
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cal bond. The values p(rc) (the electron density at the BCP), V2p(r.) (Lapla-
cian value of the electron density) and € (the éllipticity value of a bond) are used
to characterize the properties of abond. The larger the p(rc) value, the stronger is
the bond. A V2p(r;) value close to zero means a weak bond; aV2p(r;) value less
than zero means a covalent bond, and the smaller the V2p(r.) value, the stronger
is the covalence of the bond; a V2p(r.) value larger than zero suggests an ionic
bond, and the larger the V2p(r;) value, the stronger is the ionic nature of the
bond. The ¢ value is used to characterize the ¢ or ©t nature of a bond, the greater
the £ value, the more obvious is the n character of the bond; conversely, the ¢
character of the bond is stronger. In this section, the AIM theory was employed to
analyze further the characteristics of the interaction between the ion-pair and
between the IL and CO..

The AIM molecular graphs of ILs and ILs-CO, are drawn by AIM200 pro-
gram package (Fig. 3), the little red dots between two atoms represent the BCPs,
the bond parameters at the BCPs were calculated and are listed in parentheses
beside the little red dots, and they are p values, V2p(r.) values and £ values from
the top down. In this section, the electron density topological theory was applied
in discussing and predicting the interaction characteristicsin the IL, aswell asthe
absorption characteristics between the IL and COo.

As shown in the AIM structure of AlL, the BCPs of the five HBs prove their
formation. According to their p(r;) values, the bond strength order is F28---H12—
C2 > F30---H12-C2 > F30---H16-C6 > F28---H21-C8 > F31.--H23-C9, which
agrees with the conclusion drawn from the bond lengths. The p(r;) values of
F28.--H12—C2 and F30---H12—-C2 are greater than 0.015, indicating two strong
H-bonds; the p(rc) values of the other three HBs are about 0.01, which indicates
they are normal HBs. All the V2p(r;) values of these five HBs are close to zero
and their ¢ values at the BCPs are very small; thus, the five HBs are weak
chemical bonds of typical ¢ bond characteristics. The p(rc) and V2p(r;) values
of F31---C2 are 0.0100 and 0.0400, respectively, hence F31---C2 is a weak che-
mical bond. However F31---C2 has some & characteristics as indicated by its
larger € value (0.9127). It could be predicted that the © electrons on C2 and F31
contribute a great deal to the F31.--C2 bond. The AIM analysis proved that the
interaction forces between the ion-pair are weak chemical bonds, with electrosta-
tic attraction playing dominant role in reinforcing the interaction forces.

Two new BCPs between O34 and H22, as well as between C33 and N11 in
the AIM geometry of AIL—CO», confirmed the formation of O34---H22-C9 and
C33:--N11 bonds. The p(rc) value of the C33---N11 bond is 0.0105 and that of
034---H22-C9 bond is 0.0059, and the V2p(r;) values of for these bonds are
close to zero. Thus, both the p(rc)and V2p(r;) values indicate that the two
bonds belong to molecular interactions and that AIL—CO, may be a bimolecular
complex; therefore, the reaction of AIL and CO, is physical absorption. The
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could be inferred that n electron interactions contribute a great deal to the
C33:--N11 bond. In addition, the weak chemical bonds between the ion-pair in
AlIL-CO, changed somewhat owing to geometry changes and the secondary
charge redistribution effect, but the changes are negligible and have little effect
on the absorbing interaction.

CONCLUSIONS

The CO, capture by the [Apeim][BF4] ionic liquid has been systematically
discussed at the electron level and the conclusions could be summarized as
follows:

1. Two stable geometries, named AIL and BIL, were optimized, AIL is the
main geometry and the interaction energy between ion-pair is nearly 360 kJ mol—1.
CO, capture by AIL is physical absorption and the molar absorbing ratio is 1:1,
the absorbing energy is about 20 kJ mol—1. Thus AIL may absorb CO, effectively
and the energy consumption for its regeneration is low.

2. Electrostatic attractive forces resulting from charge dispersion and redis-
tribution of [Apeim]* and [BF4]~ help in the stabilization of this IL system and
reinforce the absorbing interaction forces between IL and CO».

3. Electrostatic attractive forces play a dominant role in the interactions
between the ion-pair. The main absorption mechanism is the = electron inter-
action between C33 and N11, and a weak hydrogen bond between CO, and
[Apeim]*.
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n3BOJ

HNCIIUTUBAKE JOHCKE TEUHOCTH 1-(3-AMUHOITPOITWUII)-3-ETUJI-
HUMHIA30INIYM-TETPAGJIYOPOBOPATA KOJA BE3YJE CO,

LIJUAN YANG', YI ZHAO" 1 WEI SUN?

! North China Electric Power University, College of Environmental Science and Engineering
Baoding 071003, China n?North China Electric Power University, Department of Power
Engineering Baoding 071003, China

1-(3-AmuHOIpOnHI)-3-eTHI-uMUIasonujyM ([Apeim]*t) terpadnyopodopar ([BF4]") je
joncka teyHoct (IL) koja Besyje CO,. OBo jenumeme je CUCTEMAaTCKHA MPOy4YaBaHO HA HUBOY
B3LYP/6-311++G** u mp2/6-311++G**. Teomerpuje 3a IL u mpomykre Besusamwa CO, cy
OIITMMU30BaHE U BUXOBe eHepruje ogpehene. PesynraTu nokasyjy na ce MHTepakuuja usmehy
[Apeim]* u [BF,]” yrmaBHOM ocTaBapyje peko BOZOHHYHHX Be3a, ajli Ja eHepruja HHTepak-
uuje npepasunasu —328 kJ mol !, lamom aHamM30M CMO HalLIM [a je MHTEpakLHja MojayaHa
IMCIEP3UjOM HaelleKTpUCama U HeHOM pefucTpudyLMjoM, Kao U ia eeKTPOCTaTUYKO TPHUB-
Jlauere 3HAaTHO JONPHHOCH eHepruju uHtepakuuje. OBaj IL cucrem 3a Be3usawe CO, crnana y
K1acy usnuke copnuyje ca MOJICKUM OOHOCOM 1:1 M alcOpNUHOHOM eHeprujom oko —18 kJ
mol!. 360r Tora 6u perenepanuja ose IL u3 [IL-CO, 3axTeBana Majy NOTPOIIKY EHEPTH]E.

(ITpumsbeHo 18. okrobpa 2012)
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Abstract: The ground and low-lying excited doublet electronic states of the
HCP* were studied by means of the multireference configuration interaction
method. The vibronic energy levels of the X2IT state of X, II, A, and ® sym-
metry, up to the 2500 cml, have been calculated variationally, employing
previously developed ab initio methods that take into account vibronic and
spin—orbit interactions. The vibronic wave functions were used to estimate
transition moments between vibronic energy levels of the X2IT and 125+ elec-
tronic states. The results were compared to available experimental and theore-
tical data.

Keywords: excited states, Renner—Teller effect; phosphaethyne cation.

INTRODUCTION

The HCP* was detected for the first time in a photoelectron spectroscopy
experiment on the HCP molecule, when the CP stretching progressions between
the ground X2IT and the first excited 12X+ state were observed.1 King et al. later
recorded electron-impact 122+ — X2I1 emission spectra. In their first study,?
short progressions in the CP stretching vibrations were reported, and the ground
state spin—orbit coupling constant and the CP stretching frequency were derived
from the spectrum. In a subsequent study,3 bands of the high-resolution emission
spectrum were analyzed and rotational constants of the ground and the first
excited state, as well as an improved value of the spin—orbit coupling constant,
were derived. Finally, in the latest study,# the authors reported the 125+ — X2[1
emission spectrum with resolved transitions to v, = 1 and 2 bending vibrational
levels. They were able for the first time to analyze vibronic, spin—orbit, and
Fermi resonance structures of the ground state. In the latest study® of thision by
Clouthier et al., the laser-induced fluorescence (LIF) spectrum between first two
states involving all vibrational modes was recorded and a set of vibrational cons-

* Correspondence, E-mail: stojanovicmljiljana@gmail.com
# Serbian Chemical Society member.
doi: 10.2298/J5C121115128S
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974 STOJANOVIC

tants and ground and excited state geometric parameters were derived from the
spectrum.

The HCP* has also been the subject of several theoretical studies. Initially,
they were mainly concerned with the geometries and properties of the potential
energy surfaces of the ground and the first excited state.6-8 Karna and Grein
performed the first systematic study of the excited states.® They optimized, using
the multireference configuration interaction method, the geometries and cal-
culated the vertical excitation energies and stretching frequencies of the nine
lowest-lying doublet and quartet electronic states. Later, Temelso et al. studied
the ground and the first excited state using coupled cluster methods with different
basis sets.10

The vibronic structure of the X2I1 state of HCP* was investigated theoreti-
caly in two thorough studies. In the first of them, Tarroni et al. calculated the
MRCI potential energy surfaces of the ground state components and employed a
full-dimensional vibrational treatment to calculate the spin—rovibronic energy
levels of the ground state employing the Handy—Carter Hamiltonian as the kine-
tic energy operator.11 They performed detailed analysis of the Fermi resonance
between the bending (v2) and CP stretching modes (v3), and concluded that the
used effective model Hamiltonian that describes a Fermi interaction was inap-
plicable when the bending and CP stretching modes are multiply excited (vo +
+ 2v3 > 3). The obtained results well reproduced the experimental findings,
except that in some cases the ordering of the levels was different from the experi-
mentally derived one.

Clouthier et al. also performed a Renner—Teller analysis of the ground state
vibrational energy levels.® They were able to fit the majority of the levels up to
4500 cm1 (with the exception of several levels) using their previously developed
model that includes vibronic, spin—orbit, and Fermi resonance interactions.

In the present study, computation of the bending potential curves of the
ground and the nine lowest-lying doublet electronic states of HCP* was per-
formed. The obtained bending potential energy curves of the X2I1 state were
employed in the calculation of the vibronic energy levels using previously deve-
loped variationa methods with Hamiltonians that incorporate terms describing
vibronic and spin—orbit coupling. Finally, the vibronic transition moments between
the X2IT and 12+ states were computed employing calculated vibronic wave
functions and electronic dipole transition moments.

COMPUTATIONAL AND THEORETICAL METHODS
Electronic ab initio methods

The ground and lowest-lying doubl et el ectronic states of the linear HCP* were studied by
means of the internally contracted MRCI method!? with a state average complete active space
self-consistent field (SA-CASSCF)!3 reference wave function using the Dunning aug-cc-
pVTZ basis!*. The full valence CASSCF computations were performed, i.e., the configuration
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VIBRONIC TRANSITIONS IN HCP* 975

state functions were formed by distribution of all nine valence electrons within the active
space composed of eight orbitals in the C,, symmetry group - (5-9)c and (2-4)x (in the C,,
subgroup, it is composed of 11 orbitals - (5-9)a, (2-4)b;, and (2—4)b,). All computations
were performed using the MOL PRO program package.1>

The geometries of the ground X2IT and 12x* states were optimized at the MRCI level of
theory with CASSCF reference functions. In the case of the X2IT state, the reference function
was obtained by averaging with equal weights both state components (12B; and 12B,),
whereas the 12A; CASSCF wave function was used as the reference for the geometry
optimization of the 122* gtate.

The vertical excitation energies from the ground to the nine lowest-lying doublet states
and the bending potential curves of al studied states were computed at the MRCI-optimized
bond lengths of the X2I1 state within the Cq symmetry group using the MRCI/FV-SA-
CASSCF method by averaging with equal weights all the states. The electronic transition
moments between the ground and excited CASSCF electronic states were computed as
functions of the bending coordinate at the MRCI bond lengths of the ground state.

The spin—orbit coupling constant of the X2IT state was aso computed at its MRCI
optimized geometry as the difference between the energies of the two spin components
obtained by diagonalization of the sum of the Breit—Pauli operator and the electronic operator
in the basis of the MRCI components of the state.

In addition, the harmonic vibration frequencies of all three vibrational modes in the X2I1
and 123+ states were computed.

Vibronic ab initio methods

The Hamiltonian used in this study included operators describing electronic motion,
bending vibrations, rotation around axis of the smallest moment of inertia (z-axis), and spin—
—orbit interaction in its phenomenological form ( AL, S, ):16

H=He+Tp,+TZ+Hgo. 1)

This model neglects possible couplings between the bending and stretching modes and
rotations around axes perpendicular to the axis of the smallest moment of inertia, although
Fermi resonance between the CP stretching and bending mode was previoudly detected.? The
general form of the kinetic energy operator for bending vibrations and rotation about the z-
axisin atomic unitsis:

Ty 87 =2 1005+ Ta(0) L 4 Tolo) |- A 5 @
br218p228p0 202

where p is the angle supplementary to the instantaneous bond angle 6, ¢ is the angle between
the molecular plane and the space-fixed plane, which is chosen such that it contains the axis
that corresponds to the smallest moment of inertia of the molecule. Tx(p), T1(p), To(p) and
A(p) are the functions of the bending coordinate. The bending operator derived by Hougen,
Bunker, and Johns (HBJ),1” which allows the handling of large amplitude bending vibrations,
was used in this study. The last term of Eq. (2) couples two adiabatic components of the
degenerate state, and, hence, the problem should be solved in a two-dimensional electronic
basis. In order to avoid singularities of the Hamiltonian matrix elements, a diabatic basis,
formed by the unitary transformation of the adiabatic one, was used. The matrix form of the
Hamiltonian in the diabatic basis (vibronic Hamiltonian) is:
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VH+V- 1(_ 92 d

——| i=—=+T,—+Ty |+ -
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0o

A2+ ;C _2KB*)+ B+ Ag
©)
V++V_—l Ti+T i+T +
V+-V- 2 2 1ap2 Zap 0
++ —
2 A(K2+%+2KB+—)—ZB+—ASO

where V* are adiabatic potentials, K is quantum number corresponding to the total orbital
angular momentum. C** and C~— are diagonal matrix elements of the square of the electronic
orbital angular momentum ( L,2), and B*~ isthe off-diagonal matrix element of L,2.

The vibronic Schrédinger Equation was solved variationally using previously developed
methods.18-24 The vibronic wave functions were expanded in the sine basis, and all terms of
the Hamiltonian (Eq. (3)) were expanded in sine or cosine bases, depending on their parity.
The matrix elements of the vibronic Hamiltonian were than computed as the sums of simple
trigonometric integrals, and the obtained matrix was diagonalized.

To explain the effect of spin—orbit and vibronic coupling on the ordering of the vibronic
levels, another variational approach was used. All terms of the Hamiltonian were expanded in
the polynomial form, and Laguerre polynomials (Iabeled by the two quantum numbersv and |,
|v,|>) were used as the basis for expansion of the wave function. In this case, the Bunker—
Landsberg (BL) Hamiltonian was used as the kinetic energy operator for the bending vib-
rations. However, in the case when the bond lengths are constant, as in the present study, the
BL Hamiltonian reduces to the Hougen—Bunker—Johns (HBJ) Hamiltonian.

Vibronic transition moments between the X2/7 and 12X+ states

Perpendicular vibronic transitions between the X2IT and 125* states, which correspond to
the selection rule AK = + 1, are allowed within the framework of the C,,, point group. When
the symmetry is lowered to C,, because of bending, parallel vibronic transitions, that corres-
pond to the AK = O selection rule, become allowed.?0 The vibronic transition intensities are
proportiona to the squares of the vibronic transition moments. Their forms, in the cases of
paralel and perpendicular transitions, were especially derived for the present study:

1 2
WK=K o |y [RE g )+ (me [RE )|
11 2
W(K'=K"+ Do D <mz+ |RE* = Ry )+ (e [ R + Ry - )‘ 4)
W(K'=K"1) o %2—171 <mz R+ Ry )+ (e [Re* — Ry~ )‘2
Ny ) and |m. ) are vibronic wave functions of the IT and = states, respectively, and Rf, ;)

are the Cartesian components of the electronic transition moments between the components of
the IT and X states. The first sign (+) in the superscript denotes the symmetry of the * state,
and the second sign (+ or —) denotes the symmetry of the component of the IT state. The
molecule is placed such that the y-axis of the space-fixed system is perpendicular to the
molecular plane at bent geometries.
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VIBRONIC TRANSITIONS IN HCP* 977

The electronic transition moments were calculated as matrix elements of the dipole
moment operator in the adiabatic electronic basis. The electronic wave functions were deter-
mined up to the phase factor in ab initio calculations, resulting in ambiguity of the sign of the
computed electronic transition moments. In the case of perpendicular transitions, the values of
vibronic transition moments depend on the sign of the electronic transition moments (Eq. (4)).
For this reason, the correct sign of the electronic transition moments should be determined.
The electronic transition moments, as electronic wave functions themselves, are monotonic
functions of the molecular coordinates. Secondly, their sign at linear geometry could be deter-
mined using asymptotic dependences of the electronic functions and components of the dipole
moment operator on the coordinate o (which is coordinate conjugate to the electronic angular
momentum), which are of the following forms:2

WY, o coser, WO_ ecsing, WO, o<1

, &)
Rey o< OS¢, Rey < Sno
The asymptotic values of the electronic transition moments are then:
1 2
Ry = (W [Re| Wi+ ) o< = [ cosar cosadar=1
"o ©

2z
1% . .
i =(Ps Y -)e<— | Sna snada=1
Ry =¥ R )= |
Both R&" and R, have positive values at linear geometry and during bending vibrations
they change such that their dependence on bending coordinate is monotonic. The dependence
of ab initio electronic transition moments on the bending coordinate is shown in Fig. 1.

0.5 4 z
—— R
X
\\ R
0.4 - e :
o 0.3 o
=
:m
o
4
0.2
0.1
0.0 T T T T T T T
180 170 160 150 140 130 120

6/°
Fig. 1. MRCI bending potential energy curves of the lowest-lying doublet el ectronic states of

HCP*. Symmetric (A") electronic states are represented by full lines, and antisymmetric states
(A") by dashed lines.
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978 STOJANOVIC

To calculate vibronic transition moments, electronic transition moments fitted in trigo-
nometric series and vibronic wave functions obtained by diagonalization of vibronic Hamil-
tonian were used. In this way, the vibronic transition moments are again represented as the
sums of the simple trigonometric integrals.

RESULTS AND DISCUSSION
Electronic states

The computed MRCI bending energy curves of the lowest-lying doublet
electronic states of HCP* are presented in Fig. 2. Degenerate electronic states are
characterized by a lifting of the orbital degeneracy upon bending, i.e., by the
Renner-Teller (RT) effect. The X2I1 and 12d state are characterized by weak RT
effects, where both state components have minima at linear geometries. The
other states are examples of strong RT effects: one component of the 2211 and the
32[1 state have minima at linear geometry, whereas in the cases of the 12A and
22A states, both of the components have minima at nonlinear geometries. In the
case of a weak RT effect, the splitting of the potential energy curves upon
bending in the vicinity of linear geometry follows the theoreticaly predicted
dependence, p2A, i.e., the X2I1 state shows a large splitting, whereas the splitting
of the 120 state is negligible.

4 9 2+

2 A 32\ PP L bt
60000 {177 s A
,,,,,,,,,,,,,,,,,,,,,, T
1 T e
50000 4 %" .
/
g 32’1_[ """" T e ___ D -
400004 1@ e
—.E 1 22H ___________________________________ o
5 30000
~
&

200004 %" e

10000

T T T T T T T T T T
180 170 160 150 140 130

6/°
Fig. 2. Magnitudes of spin—orbit splittings of some non-unique levelsin the X2I1 state.
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VIBRONIC TRANSITIONS IN HCP* 979

The electronic configuration of the X2I1 state is (506)2(60)%(75)2(2n)3.
According to the present results, the 125+ state is formed by excitation of an
electron from the 7o to the 2r orbital, and the 22I1, 12®, and 321 states by
excitation from the 2z to the 3= orbital. When an electron is promoted from the
76 to the 3x orbital, three doublet states are formed, i.e., 125, 12A, and 22A. The
761 213 3xl configuration can also give rise to quartet of states. The 222+ and
323+ states have more complex electronic structure - they can be approximately
represented by linear combinations of three electronic configurations,
...(506)2(60)1(75)2(2n)%, ...(50)%(60)%(75)1(2m)3(3m)L and ...(50)1(60)2(7c)2(2n)4
(Table I). Karna and Grein® found that the configurations obtained by excitation
of an electron from the 7c to the 4n orbital contribute significantly to some
excited states (2211, 12A and 12%-). The present cal culations were performed such
that 4n orbital was also a part of the active space, but the configuration state
functions in which it was occupied by an electron gave negligible contributions
to the wave functions of the mentioned states. Differences in the electronic con-
figurations explain the significant discrepanciesin the vertical excitation energies
in cases of the 22I1 and 12X~ states (Table 1). Unfortunately, no experimental
results are available for these states. The calculated excitation energies of the other
excited states are in plausible accordance with the available theoretical results.

TABLE I. Electronic configurations of the ten lowest-lying doublet electronic states of HCP",
vertical excitation energies, electronic transition moments and oscillator strengths for tran-
sitions from the ground X2IT state to the corresponding excited states

State (C.,,) Dominant configurations Te/cmt |Ree|/D f

X2IT -.(50)%(60)4(70)2(2n)3 0.00 1545200 (2) -

125+ ...(50)%(60)2(70) (2n)* 175070 0.464382 (xy)  0.0071
18067
16776

2211 ...(50)2(66)%(70)4(2m)3(3m)! 32159  0.623049 (2) 0.0236
26939

120 ...(50)4(60)2(70)2(2m)(3m)’ 38508 Forbidden

321 ...(50)%(60)2(75)2(2m)%(3n)" 45769  0.358802 (2) 0.0028

25+ O W1)+Co|Wo)+ o[ Wa)a 48120 0487279 (xy) 00215
49119

125 ...(56)%(60)? (70)1(2m)3(3m)" 57414 0482024 (xy)  0.0251
60572

12A ...(56)4(66)? (75)}(2m)3(3n)! 58244 0.700384 (x,y) 0.2149
57669

cHN O W1)+ G| W) + & W) @ 60849 0592387 (xy)  0.0402

227 ...(50)2(60)2 (To){(2m)3(3n)! 61129  1.054598(xy) 05115

aThe vectors |'¥,),|'¥,) and |¥3) denote the electronic configurations (56)%(60)Y(7c)%(2m)%,
(50)2(60)2(76)2(27[)3'1 and (50)1(66)4(75)2(2m)%, respectively; PThe first values of T in the cells were obtained
in this study, the second values (where available) are theoretical values obtained by Karna and Grel n® and the
third result for the 125+ stateis an experimental value

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

Copyright (C)2013 SCS




980 STOJANOVIC

In order to inspect the character of the excited states, the vertical ionization
energy from the ground state of the HCP* ion to the X1x+* state of the HCP2+ was
computed. It is found that the vertical ionization energy, expressed in wave
numbers, was IP,, = 156800 cm1. The energetic terms of the Rydberg states can
be calculated by application of the Rydberg Formula, Tp = IP — R/ (n — A)2,26
where IP is the ionization energy, R is the Rydberg constant, n is the principal
guantum number, and 4 is the quantum defect of the state in question. It could be
estimated that the lowest-lying Rydberg states (for n — A4 = 1) of the HCP* could
be expected at approximately 47000 cm1 above the minimum of the ground
state. There is a possibility that the 225+, 125, 12A, 32X+ and 22A states are Ryd-
berg states because their vertical excitation energies surpass the given vaue. In
order to ingpect this, calculations of the vertical excitation energies were per-
formed with aug-cc-pVTZ basis sets augmented by one set of diffuse s and p
orbitals built in an even tempered manner from the exponents of the two most
diffuse s and p functions?’ (exponents of additional diffuse functions are: hyd-
rogen s (0.006212) and p (0.026815); carbon s (0.015080) and p (0.0101536);
phosphorous s (0.015856) and p (0.009702)). The excitation energies of all the
studied states obtained with the augmented set differed negligibly from those
obtained with aug-cc-pVTZ set. Hence, it was concluded that the studied elec-
tronic states do not have marked Rydberg character.

By inspecting the calculated values of the electronic transition moments at
linear geometry (Table I), it could be concluded that the most probable are
transitions to the 12A and 22A states. The transition moments to other states are of
smaller magnitude.

The dimensionless quantity that expresses the strength of the transition
between two quantum states, oscillator strength, is defined as:

fo=2(B2-E)Y 2 [(ImRy[2m)” ™
My a=X,\y,Z

where E; and E; are the energies of the [1Imy) and |2mp) quantum states, which
can have several degenerate sub-states labeled by my and mp. R, are the Car-
tesian components of the electronic transition operator between states. All quan-
titiesin Eq. (7) are expressed in atomic units. The calculated values of the oscil-
lator strengths for transitions between the ground and studied excited states are
presented Table I. The most intensive transitions to 22A and 12A are expected.
The oscillator strengths for other transitions are at least one order of magnitude
smaller.

Vibronic structure of the X217 state

The bending potential curves of the X2A' and 12A" components of the X211
state are fitted in a polynomial form as the functions of the coordinate p:
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VIBRONIC TRANSITIONS IN HCP* 981

E(X2A’) =0.026135p2 — 0.002018p%
E(12A") = 0.027678p2 — 0.001252p%

where the energies are expressed in hartrees and the angles in radians.

The most important molecular parameters of the X2IT state obtained in this
study using ab initio methods and the available experimental and theoretical
values are given in Table Il. The calculated parameters are compared with the
corresponding experimental values.

(8)

TABLE Il. Molecular parameters of HCP* in the X211 state
MRCI/CASSCF/ aug-cc-pVTZ  Emission spectrum

Parameter (thiswork) study 4 LIF spectrum study>2
rhe! A 1.0839 1.11(4) 1.077(2)

rep/ A 1.6129 1.596(5) 1.6013(3)

wy /et 3144 - 2986.0 (3124.8)
w,/ cmt 639 - 717.5 (642.7)
wg/ ot 1277 1150.0 1282.0 (1156.0)
Ao/ cml -129.3 -146.97 -148.4

€ -0.0313 - (-0.034(2))

g/ ot -20.0 -26.(4) -22.0

The X211 state is characterized by a relatively large value of the spin—orbit
coupling constant (Asp = —148.4 cm1), which is approximately seven times
larger than the product of the Renner parameter and the bending frequency (ew> =
= 22 cm1). According to this, it would be expected that the spin—orbit inter-
action determines the ordering of the vibronic levels.

The computed bending vibronic levels up to =2500 cm® of = (K = 0), I1
(K=1), A (K=2),and ® (K = 3) symmetries of the X2I1 electronic states, the
available experimental values and the compositions of the vibronic wave
functions in terms of Laguerre polynomialsare givenin Table lll. The theoretical
values obtained variationally by Biczysko and Tarronill are also given. They
were able to reproduce satisfactorily the energies, but the order of some levels
was different from the experimental assignment. For example, this was the case
with the close-lying (0,2,0)ulls2 and (0,2,0)ully/2 levels. Only the results obtained
with the first described variational method (with expansions in trigonometric
basis) are presented. They are in satisfactory agreement with experimental and
theoretical results. The second method based on the expansion in Laguerre poly-
nomials gives excellent results for the low-lying vibronic levels, but significant
deviations from the available experimental values occur for the higher levels. The
second method is here used to obtain the approximate compositions of the
vibronic wave functions in terms of Laguerre polynomials.

The magnitude of the spin—orbit splittings of the unique levels (represented
with one Laguerre polynomial) is equal to the spin—orbit constant (for example,
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(0,0,0)I13/2 and (0,0,0)IT1/2, (0,1,0)A32 and (0,1,0)A5/2). On the other hand, the
obtained spin components of the non-unique levels, which are approximately
described as linear combinations of two Laguerre polynomials, are very close to
each other. In the absence of spin—orbit coupling, the contribution of both poly-
nomials is approximately equal. When spin—orbit coupling is taken into account,
the contribution of one Laguerre polynomia becomes dominant and of the other
one much smaller, because relatively strong spin—orbit interaction “tends’ to
decouple relatively weakly coupled vibronic levels. The signs of the expansion
coefficients are such that when one vibronic level is combined with £ = 1/2 or
X = -1/2, the energies of both obtained spin components are shifted in the same
direction compared to the case when spin—orbit interaction is not taken into
account (Fig. 3). For this reason, the obtained spin components are very similar
in energies in some cases and the magnitude of their splitting depends on the
strength of the vibronic coupling. Hence, the level of sophistication in treatment
of kinetic energy and anharmonic resonances can significantly influence the
structure of the spectrum.

TABLE I11. Energies obtained in this study for the lowest vibronic levelsin the X2IT state, and
the available theoretical and experimental values

E/cml

Level Composition Calculated Experimental*  Calculated!?

(this work)
(0,0,0)IT, 10,0) (u) 0.0 0.0 0.0
(0,0,0)I1y, |0,0) (u) 148.3 148.1 148.2
(0,1,0)pz* 0.986|1,1) + 0.163|1,-1) 632.6 633.4 631.6
(0,1,0)As |11) (u) 636.8 648.3 642.6
(0,1,00x%" -0.162|1,1) +0.986|1,-1) 790.4 786.5 787.0
(0,1,0A3, 111) (u) 785.1 796.0 790.1
(0,2,0)ully,  0.9752,0)-0.219|2,2) 1240.8 1260.9 1257.3
(0,2,0)ully,  —0.282|2,0)+0.959|2,2) 1262.1 1256.0 1259.2
(0,2,0007, [2,2) (u) 12715 1290.9
(0,2,0)xIy,  0.9582,0)+0.280|2,2) 1408.4 1426.8 1418.8
(0,2,0)®5, 12,2) (u) 1420.0 14375
(0,2,0)xIly,  0.217/2,0)-0.9752,2) 1429.8 14335
(0,3,0)uz* 0.937|2,0)—0.348/4,2) 1868.7 1871.8
(030 Ay,  —0.404/3,1)+0.915/3,3) 1909.3 1887.3
(030)uAs,  0.966]3,1) —0.254|3,3) 1875.3 1896.1 1889.2
(0,3,00xx" —0.345|2,0) +0.935|4,2) 2056.1 2053.7
(030 Az,  0.912/3,1)+0.401|3,3) 2055.3 2058.1
(030 A,  0.251/3,1)+0.966|3,3) 2089.5 2086.9
(0,4,0)ully,  0.9234,0)-0.383/4,2) 2494.8 2490.9
(04,0)ully,  —0.459|4,0) +0.888|4,2) 2509.6 2492.5 2492.3
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Fig. 3. Dependence of the electronic transition moments between the X2IT and 123+ states on
the bending coordinate.

Vibronic transitions between the X217 and 12>+ states

The squared values of the vibronic transition moments between low-lying
vibronic levels of the X2IT and 12X+ states are given in Table IV. According to
the results, vibronic transitions corresponding to the AK = 0 selection rule are of
low intensity. The reason for thisis that the z-component of the electronic tran-
sition moment, which induces these transitions, is zero at linear geometry and
becomes large only when moleculeis significantly bent.

On the other hand, several intensive perpendicular transitions (AK = £1)
occur. The most intensive ones arise from unique levels of the X211 state, parti-
cularly from the lowest unique K" = 1 level, |0,0) to the lowest K' = 1 level of
the 125+ state, which is also described by a |0,0) polynomial. Also, the transition
between unique K" = 2 |1,1) level to the |1,1) level of the 125+ stateis intensive.
Several intensive transitions from non-unique levels of the X2I1 state composed
predominantly of one Laguerre polynomial to vibronic levels of the 12+ state
described by the same Laguerre polynomial exist. For example, the transition
between the first K" = 0 level, which is approximately described as
—0.163|1,—1) +0.986|1,1) and the first K' = 1 level composed of |1,1) polynomial
isintensive.
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TABLE V. Squared vibronic transition moments in D2 between the vibronic levels of the
X2IT and 125+ states for the case = = —1/2. The vibronic levels of the X2IT state are placed
vertically and the levels of the 12X+ state are placed horizontally. The compositions of the

STOJANOVIC

vibronic levelsin terms of Laguerre polynomials are given for each level

K'=0
K"=0 [0,0) 2.0) [4,0) [6.0) [8,0)
0.163|1,—1) + 0.986|11) 0.709-2  0.629-2 01894 08716  0.166-5
0.986|1,—1) — 0.1621,2) 0.165-1 0.145-1 0.521-4 0.204-5 0.377-5
0.348]3-1)+0.937|31)  0.145-4 0.771-2 0.612-2 0.237-4 0.233-5
0.9353-1)-0.345/31) 07354  0.322-1 0250-1 01483 08735
0.483/5-1)+0875/51) 07086  0.696-5  0420-2 03782  0.180-5
K'=0
K'=1 [0,0) 2,0) [4,0) [6,0) [8,0)
[0,0) 0.225+0 0.116-6 0.450-5 0.306-6 0.281-7
-0.282|2,0)+0.959|2,2)  0.8344 0.217-1 0.104-3 0.558-6 0.152-4
0.958|2,0) +0.280|2,2) 0.961-3 0.180+0 0.340-3 0.399-5 0.451-6
-0.459/4,0)+0.888/4,2) 0.803-4  0.360-3  0.492-1 0.806-3 0.122-3
0.884/4,0)+0.454/4,2) 02704 07363  0134+0 03183 05744
K'=1 2.2) [4,2) I|<6:2>2 8,2) [10,2)
[0,0) 0.488-3 0.656-4 0.994-4 0.873-4 0.491-3
-0.282|2,0)+0.959|2,2)  0.173+0 0.109-2 0.948-4 0.173-4 0.334-1
0.958/2,0)+0.280/2,2)  0.214-1 04253 02004 02864 01522
-0.459|4,0)+0.888/4,2) 0.177-2 0.142+0 0.128-2 0.197-4 0.704-4
0.884| 4, o) + o_454| 4, 2) 0.141-1 0.983-2 0.476-1 0.6264 0.700-5
" — K, = 1
=0 XY 31 52) 7.0) 199)
0.163],-1)+0.986/1,1) 0.120+0  0.702-1 0.892-2 0.165-2 0.346-3
0.986|1,-1)-0.1621,1) 05442  0.614-3 0.249-3 0.113-5 0.231-6
0.986|1,-1)-0.162/1,1) 0.306-1  0.822-1 0.560-1 0.616-2 0.238-2
0.935/3,-1)-0.3453,1) 05692  0.941-2 0.962-3 0.124-2 0.403-4
0.483/5-1)+0.875/51) 0142-1  0.112-1 0588-1  0576-1  0.164-2
K'=1 K'=1
Y 31 51) 7.0) 199)
[0,0) 0.7782  0.364-2 0.544-3 0.713-4 0.819-5
-0.282|2,0)+0.959|2,2) 05242  0.120-1 0.366—7 0.159-5 0.750-8
0.958/2,0)+0.280/2,2) 0.155-2  0.397-1 0.214-2 0.464-3 0.143-3
-0.459|4,0)+0.888/4,2) 0.883-3  0.265-2 0.687-2 0.459-5 0.275-4
0.884]4,0)+0.454|4,2)  0.243-3  0.669-2 0.622-1 0.320-2 0.156-3
K=1
=2 P RN 5.3 7y Jod
11,1) 0.125+0  0.705-1 0.914-2 0.166-2 0.334-3
-0.404/31)+0.915/3,3) 04882  0.157-1 0.114-1 0.498-3 0.398-3
0.912/31)+0.401/3,3)  0.309-1  0.756-1 0.448-1 0.684-2 0.198-2
-0.550/5,1)+0.834/5,3) 0.642-2  0.554-2 0.276-1 0.282-1 0.155-3
0.828/5,1)+0.5435,3)  0.141-1  0.983-2 0.476-1 0.307-1 0.369-2

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

Copyright (C)2013 SCS



VIBRONIC TRANSITIONS IN HCP* 985

In conclusion, al intensive vibronic transitions between the X2I1 and 123+
states correspond to the selection rules AK = 1 and Av = 0. They occur between
levels whose wave functions overlap significantly, which is the case between
unique levels of the X2IT state or non-unique levels of similar composition as the
unique ones and vibrational levels of the 122+ state composed of the same Laguerre
polynomial.

CONCLUSIONS

The low-lying doublet excited states of HCP* were studied by means of the
internally contracted MRCI method. The computed bending potentials of the
X2I1 state were employed in variational calculations of the vibronic energy levels
using the model Hamiltonian that neglects coupling between stretching and
bending modes. The applied method gave results for the vibronic levels that were
in accordance with the experimental values up to 2500 cmL. The obtained wave
functions were utilized for the calculation of the vibronic transition moments
between the X2IT and 12X states. According to the results, the most intensive are
perpendicular transitions with the selection rule Av = 0 between unique levels of
the X211 state or non-unique levels of similar composition as the unique ones and
vibrational levels of the 122+ state.

Acknowledgments. The author gratefully acknowledges Professor Fiedrich Grein for
sending a copy of his paper on the HCP* and Professor Miljenko Peri¢ for support and for
alowing the use of his programs for solving the vibronic Schrédinger Equation. This study
was financially supported by the Ministry of Education, Science and Technological Develop-
ment of the Republic of Serbia (Project No. 172040).

H3BOJ

AB INITIO TIPOYUABAHE BUBPOHCKHX ITPEJIA3A U3MERY
X2I1 U 123t CTAHA HCP+

JbBU/bAHA CTOJAHOBUR
DaKyarTer 3a Qu3HYKY XemHjy, Yaupepsurter y beorpazny, Crygenrcky 1pr 12, 11158 beorpan
IybnerHa Huckonexeha enektpoHcka ctaka HCP' cy mpoyuaBaHa momohy metoze MyJi-
THpedepeHTHEe MHTEpaKnHje koHdurypanuja. Enepruje BubpoHckux Husoa X211 crama Z, I1,
A, 1 ® cumetpuja 1o 2500 cm™! cy uspadyHaTe MPUMEHOM BapHjallMOHMX METONA KOje y3H-
Majy y o003up BUOpPOHCKY W CHHH—OPOUTHY HHTepakuujy. M3pauyHaTe BHUODOHCKe TayiacHe
(yHKuMje cy uckopuirheHe y mpopauyyHMMa MOMEHaTa Ipeiasa usmely BUOPOHCKHMX HHUBOA

X2I1 u 125 eneKkTpoHCKUX cTawa. JobHjeHe BpeqHOCTH cy yropehene ca JOCTymHHM excrie-
PHUMEHTATHUM U TEOPHjCKUM Pe3yaTaTHMA.

(ITpumibeno 15. HoBemOpa, pesuaUpaHo 25. Hopemdpa 2012)
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Abstract: Two zirconia samples were prepared by precipitation from agueous
zirconium oxychloride and zirconyl sulfate solutions with potassium hyd-
roxide. The prepared zirconia samples were amorphous. The pH,. values of
the zirconia samples, determined in NaCl and NaNOs solutions, were 6.6+0.1
and 6.9+0.1, respectively. After prolonged hydration of zirconia in doubly
distilled water, the pH,. decreased to 4.7+0.3. Crystallization into tetragonal
(metastable) + monaoclinic zirconia appeared at 691 K. Above 873 K, the tetra-
gonal metastable phase changes to a monoclinic phase. It was shown that crys-
tallite sizes of zirconia treated at 673-1273 K increased from 9.5 to 40.5 nm,
respectively. The increase in temperature from 385 to 1070 K increased the
PH ¢ Of zirconia samples from 6.6 to 9.0, respectively.

Keywords. zirconium oxide; point of zero charge; thermal analysis; surface
properties.

INTRODUCTION

Inorganic sorbents, especially metal oxides, can withstand high temperatures
and high radiation doses. One of them is hydrous zirconium oxide used for the
removal of corrosion products from nuclear reactor cooling systems, and as a
catalyst support or membrane for various catalysts. Furthermore, zirconium oxide
has been widely used, both pure and in mixtures with other oxides or compounds,
for the preparation of both traditional and advanced ceramic materials. Finally,
zirconium oxide has been used as a column packing material for gas chromato-
graphy and high-performance liquid chromatography.

In the last three decades, many experimental and theoretical attempts have
been made to explain the chemical behavior of the oxide/agueous interface. Solid
oxides in agueous suspensions are, in general, electrically charged. The main

* Corresponding author. E-mail: smiloni@vincars
# Serbian Chemical Society member.
doi: 10.2298/J5C121010149S
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988 STANKOVIC, MILONJIC and ZEC

reasons for this are amphoteric association and dissociation of protons and hyd-
roxyl groups existing on the oxide surface.1l.2 Therefore, the double layer at an
oxide/aqueous interface can be investigated by studying the equilibrium distri-
bution of these ions (called potential determining ions) between the surface and
the bulk of the solution.

One of the main characteristics of agueous metal oxide suspensions is the
point of zero charge (pHpzc), Which represents the suspension pH value at which
an immersed oxide surface has zero net charge or the sum of surface positive and
negative chargesis zero (for hydrous zirconium oxide):

D [(=2r0") +(= 2r05*)] =0 (1)

Addition of hydrous zirconium oxide to the solution of higher pH than pHp,c
leads to a decrease in formed suspension pH. Similar, but opposite effect, will
occur if the oxide is added to the solution of lower pH than pHpzc. Such effects
are the result of the charge formed on the oxide interface34 accompanied by the
sorption of ions from the solution. The sorption of cations occurs in the region of
pH above pHp;c, while that of anionsin the region of pH below pHpzc.

In the present study, a ZrOo/H>O system was investigated with the aim of
determining the influence of different sample preparations and physicochemical
treatments on the point of zero charge of hydrous zirconium oxide.

EXPERIMENTAL

Hydrous zirconium oxide samples were prepared by precipitation from agueous zircon-
nium oxychloride (ZrOCl,-8H,0) solution (sample 1) and zirconium sulfate (Zr(SOy,),-H,0)
solution (sample 2) (concentration 0.71 mol dm-3) with potassium hydroxide (3.0 mol dm3),
similar to the procedure described previously.>¢ All chemicals, obtained from various com-
mercial sources, were of A. R. quality and used “as received”.

The resultant precipitates were filtered and thoroughly washed with doubly distilled
water until neutral reaction. Then, the precipitates were dried in air at 383 K for 72 h and
lightly crushed.

Thermal analysis experiments (TGA and DTA) were performed in air (Dupont 1090
instrument) up to 875 K at a heating rate of 10-20 K min'L. In addition, the obtained graphs
were converted into digital form/format using the Graph digitizer program.

The calcinations of the samples was performed (in a Pt crucible) in adrying oven or in a
Heraous ceramic furnace (depending on the cal cinations temperature) for 4 h.

Structural characterization of the dry and calcined samples was performed by X-ray
diffraction (XRD) analysis (Siemens Kristalloflex 4 with a GM counter). The XRD patterns
were transformed from graphical form into digital data using the Graph Digitizer program.
The apparent crystallite sizes of the prepared zirconia powders were calculated from the full-
width at half-maximum height of the (111) XRD peaks using the Scherrer formula’ corrected
for instrumental broadening, the method most frequently used in the literature:

D = 0.894/(1/,c0s 6) 2
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THE PZC OF ZIRCONIUM OXIDE 989

where D isthe crystallite diameter, nm, 0.89 is a constant, A is the wavelength for CuK, (equal
to 0.15405 nm), /34, is the half-width of the maximum intensity peak of the XRD pattern and
6 isthe Bragg angle.

The point of zero charge (pH,,c) Was determined by the batch equilibration technique.8®
The samples of hydrous zirconium oxide (0.500 g) with 50 cm? of NaCl or NaNOjs solution
were shaken in PVC vias for 4 h at 294 K. The initial pH vaues of the NaCl or NaNO3
solution (in the pH range from 2.5 to 10.5) were adjusted by the addition of a small amount of
HCI or NaOH (concentration of 0.1 mol dm3) solution, keeping the ionic strength constant.

RESULTS AND DISCUSSION

The dependence of the pHs of the filtered solutions, after equilibration with
hydrous zirconium oxide, on the initial pH; gives a smooth curve with a plateau
at a pH that represents the pHp,c (as was shown in previous papers®89). The
obtained pHpzc value (sample 1) was 6.6+0.1 (obtained using NaCl solutions of
three different ionic strengths).6 In addition, the obtained value for sample 2 was
also pHpzc 6.6£0.1. The same pHp,c value for both samples indicates that the pre-
pared samples had the same surface stoichiometry. This pHp,c value is in good
agreement with the results of other authors!®-13 (pHp¢ 6.4-6.7). The pHp,c value
of 4.0 reported by Milonji¢ et al.® refers to a hydrous zirconium oxide sample
prepared by precipitation with ammonia. It is obvious that the surface stoichio-
metry of the oxide was changed by this synthesis procedure.

Most likely, the nature of the cations of the precipitating reagent could cause
a change in the surface stoichiometry, and even in the surface purity and water
content of the zirconia sample.

In the next experiment, a NaNOs3 electrolyte was used instead of a NaCl one.
The dependence pHs vs. pH; (0.001, 0.01, and 0.1 mol dm—3 NaNO3) for sample
1 is shown in Fig. 1 (pHpz 6.9+0.1). Good agreement between the obtained
PHpzc values (determined using 0.1 mol dm3 NaCl and NaN O3 solutions) denotes
that there was no specific sorption of Nat, Cl— and NO3~ on hydrous zirconium
oxide.

The hydrous zirconium oxide already used in determination of the pHpzc
(sample 1) was collected, thoroughly washed with distilled water until neutral,
dried at 385 K for 24 h (sample denoted as sample 1-U), and reused in pHpzc
determination experiments (from now on, all experimental data were obtained
using 0.1 mol dm—3 NaCl solution). A decrease in the PHpzc was found (pHpzc
4.610.3).

To determine the effect of sorbed ions (possibly present on the oxide sur-
face) on pHpzc, a desorption experiment was performed using sample 1-U. The
experiment was performed with dilute HNO3 (0.1 mol dm=3) at a solid/liquid
ratio of 5 g:100 cm3 and an equilibration time of 2 h. The desorption procedure
was performed three times. Finally, after filtration, the zirconium sample 1-U
was thoroughly washed with distilled water until neutral and dried at 385 K for
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24 h. The pHpc of so-treated sample was 4.7+0.3. The obtained pHpzc vaueisin
good agreement with the pHpzc vaue of the same sample 1-U determined before
desorption. This means that the eventually sorbed ions (Nat or NO3™) have no
influence on the pHpc value of the ZrO; sample.

oo
T
&)
6
5
a . ) \ \ Fig. 1. pH; vs. pH; of zirconia (sample 1)
2 4 6 8 10 suspensions. ¢ — 0.001, o — 0.01, ¢ — 0.10
pH; mol dm-3 NaNOs.

To explain the obtained pHpzc value, the zirconia powder was further inves-
tigated. Fresh samples (sample 1) were placed in PVC bottles filled with doubly
distilled water and equilibrated for various times (from 50 to 400 h). Then, the
samples were filtrated, thoroughly washed with distilled water until neutral, dried
at 383 K for 24 h, and used for pHpzc determination.

The obtained pHpzc values are shown in Fig. 2. A decrease in the pHpzc of
the zirconia samples with increasing hydration time is evident. A smooth curve
with a plateau at pHpzc 4.7+0.3 indicates the influence of the hydrolysishyd-
ration time on the pHpc of the hydrous zirconium oxide. Most likely, the diffe-
rences in pHpzc in the present experiments were caused by the sorption or for-
mation of simple zirconium hydrolytic complexes on the surface, which changed
the surface stoichiometry. This is in accordance with the results of other authors
for several oxides. Kanungo and Paridal# showed that the pHpzc of MnO,
increases with decreasing water content in the oxide. In the case of MnO,15 and
RuO5,16 the pHpzc values underwent significant changes in the acid direction on
passing from “dry” crystalline forms to hydrous oxides. Moreover, hydroxides
were reported to present pHpzc values more acidic than the corresponding “dry”
oxides (CuO, FeoO3 and Al,03).17

Parks!8 indicated that one of the mechanisms of the formation of charges on
oxide surfaces in agueous solutions is the sorption of metal hydroxocomplexes
derived from hydrolysis of the solid material, as might have been the case in the
present investigations.

When used as a sorbent, hydrous zirconium oxide exposed to high tempe-
ratures undergoes some kind of thermal decomposition and transformation. The
thermogravimetric (TG) and differential thermogravimetric (DTG) results for

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

Copyright (C)2013 SCS




THE PZC OF ZIRCONIUM OXIDE 991

pH,,

3 , , . . . , , Fig. 2. The dependence of the pHp,c
0 S50 100 150 200 250 a3op 3sop Of zirconia (sample 1) on the time of
t/h equilibration with deionized water.

fresh sample 1 are illustrated in Fig. 3. The sample lost about 20 % of structure
water (ZrO2-nH»0, n between 1 and 2), which corresponds to the loss of 1.5-1.6
molecules of HO. The ZrO, sample contained adsorbed water, which was totally
removed at around 500 °C. Thisisin good agreement with the result of Ardiz-
zone et al.19 The total mass loss between 100 and 500 °C was 14.4 mass %. This
corresponds to the synthesized ZrO» having the composition (ZrO»-1.2H50) after
drying inair at 110 °C for 72 h. The masslossis considered to be the result of the
removal of water (both physisorbed and chemisorbed at the surface of the par-
ticles). On the DTG curve presented in Fig. 3, three peaks are evident, i.e., one
large peak centered at 110 °C and two small ones centered at 207 and 461 °C. A
differential thermal analysis (DTA) curve of zirconiasample 1 is givenin Fig. 4.
The first broad endothermic peak observed on the DTA curve at about 130 °C
could be attributed to desorption of water molecules adsorbed on the zirconia
surface. The subsequent sharp exothermic peak observed at about 410 °C was
due to phase transformation (i.e., crystallization) of the zirconia

The XRD data for untreated zirconium particles and samples thermally
treated at different temperatures are shown in Fig. 5. The X-ray diffraction pat-

100
X ]
% 96
o ]
2 9] DTG
§ .
88|
84+ TGA
80

0 100 200 300 400 500 600  Fig. 3. The TG and DTG curves for
t/°C zirconia (sample 1).
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tern of the prepared, thermally untreated (385 K), sample shows no peaks except
a broad, weak one at 20 25-35°. This indicates that the prepared zirconium par-
ticles were amorphous. Amorphous precipitates usually transform into the meta-
stable tetragonal phase upon thermal treatment, then into a mixture of tetragonal
and monoclinic phases and finally into the monoclinic phase.

-
1 "
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1
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1
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(]
1

'
(o]
1 L

0 100 200 300 400 500 800 pig 4 The differential thermal analysis
t/°C curves for zirconia (sample 1).
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1| 1273 K

300—- ol o o M-ZrQ,
250+

200+

Intensity, a.u.

150
100

50+

IS5 20 25 30 35 40 45 50 55 60
26/ degree
Fig. 5. XRD Patterns of zirconia (sample 1) treated at various temperatures.

Crystallization into tetragonal (metastable) ZrO, appeared at 691 K (Figs. 4
and 5). Samples calcinated at 873 and 1073 K were a mixture of monoclinic and
metastable tetragonal phases. The sample calcinated at 1273 K (or above) was
monoclinic. Thisisin good agreement with the recently published result of Bor-
tun et al.20 The broad peak?! at 20 30° (Fig. 5) consists of two peaks, one for the
monoclinic and one for the tetragonal phase (at atemperature above 720 to 870 K
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these peaks are distinguishable).2122 Above 873 K, the tetragonal metastable
phase changes to the monoclinic one.22

The calculated crystallite diameters of the ZrO, samples (treated at 673, 873,
1073 and 1273 K) are plotted against calcination temperatures in Fig. 6. The
crystallite size of the tetragonal phase (samples thermally treated at 673 and 873
K) was calculated from the characteristic peak 26 30.5° (for the (111) reflection,
data PDF 14-534), whereas the crystallite size of the monoclinic phase (samples
thermally treated at 1073 and 1273 K) was calculated from the characteristic
peak 20 28.4° (for the (—111) reflection, data PDF 36-420). It is evident that the
size of crystallites (D) in the ZrO», samples increases from about 9 nm after ther-
mal treatment at 673 K to about 40 nm after calcinations at 1273 K. The obtained

results are in good agreement with those previously reported by other
authors,19.21,24,28

a0 -

30 -

D/ nm

20

10 |

Fig. 6. Effects of treatment temperature

0 ! ! L L on the crystalite size of zrconia
400 800 800 1000 1200 (mmple 1): o — present results, o —[17],
T/K o —[20],x —[21], +—[22].

The increase in therma treatment temperature from 385 to about 1070 K
increased the pHpc of sample 1 from 6.6£0.1 to 9.0+0.3. The pHpzc 9.0+£0.3 cor-
responds to crystalline, totally dehydrated, zirconium oxide. According to the
data presented, the point of zero charge of hydrous zirconium oxide depended far
more on the degree of hydration than on the crystal structure of the oxide. The
obtained results are in accordance with the literature data reviewed by Ardizzone
and Trasatti.29 They observed a shift of pHgz/pHiep in the akaline direction
when going from the hydroxide to the crystalline oxide. The pHpzc values of
RuO» obtained by calcination of different precursors in the presence of oxygen,
at various temperatures, were between 4 (calcined at 300 °C) and 6 (calcined at
500-700 °C).29 However, Kosmulski,30 analyzing some literature data, con-
cluded that the (hydro)oxides of some metals at certain degrees of oxidation show
consistent pHpc values that are rather insensitive to the degree of their hydration
and crystallographic forms.
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CONCLUSIONS

Two zirconia samples were prepared by precipitation from agueous zircon-
nium oxychloride and zirconyl sulfate solutions with potassium hydroxide
(sample 1 and 2, respectively). The pHpzc values of the zirconia samples, deter-
mined from NaCl and NaNOs solutions, were 6.6+0.1 and 6.9+0.1, respectively.
This implies that there is no difference in surface properties of prepared zirconia
samples and no specific sorption of Nat, Cl— and NO3~ on hydrous zirconium
oxide. After prolonged (100 h) hydration of zirconiain doubly distilled water, the
PHpzc decreased to 4.7+0.3. The prepared zirconia samples were amorphous.
Crystallization into tetragonal (metastable) + monoclinic zirconia appeared at
691 K. Above 873 K, the tetragonal phase changed to a monaoclinic one. It was
shown that crystallite sizes of zirconiatreated at 673-1273 K increased from 9.5
to 40.5 nm, respectively. The increase in temperature from 385 to 1070 K increased
the pHpzc of zirconia samples from 6.6 to 9.0, respectively. The pHpzc value of
9.0 corresponds to totally dehydrated crystalline zirconia.
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H3BO[J

YTUIIAJ XEMUJCKOT U TEPMHUUKOTI TPETMAHA HA TAYKY HYJITOT
HAEJIEKTPUCABA XUJPATUCAHOI TUPKOHHUIJYM(IV)-OKCUTA

JOBAH b. CTAHKOBI/IE1, CJIOBOJJAH K. MUJIOBHR” u CJIABUIIA TI. 3EL[Z

! Buma meguymECcKa WKoOTa, Llapa /Jlymara 254, beorpag u ZHHCTHTJ/T 34 HyKk/IeapHe Hayke “BuHya’“,
Yuusepsurer y beorpazny, beorpag

TanoxemeM U3 BOAEHOTI PacTBOPa LMPKOHHjYM-OKCHUXJIOpDHIA WIM LMPKOHMI-Cyndara
Ca KaJlHjyM-XUAPOKCUIOM MpPUNpPeM/bEHA Cy OBa y30pka UUpKoHUjyM(IV)-okcupa. [Ipunpem-
JbeHH y30puu UUpKOHMjyM(IV)-okcunma cy amopdHu. Tauke HyaTOT Haenekrpucamwa, pHiynp,
MpUNpeM/beHUX y30paka uUpKoHHjyM(IV)-oxucuna, onmpeheHe u3 pacTBopa HATPUjyM-XJIO-
pua ¥ HaTPUjyM-HUTpATa, U3Hocuie cy 6,6+0,1 u 6,910,1, penom. [locie oyxe xumpaTauuje
uupkoHUjym(IV)-okcuaa y nectunosanoj Boau, pHy,, onana no spennoctu 4,7%0,3. Kpucra-
nu3anvja UUpKoHUjyM(IV)-okcuna y TeTparoHanHy (MeTacTaduiaHy) + MOHOKIMHHUYHY a3y
newasa ce npu 691 K. U3nan 873 K, terparoHanHa meractabuiHa ¢asa mnpenasv y MOHO-
KIMHU4YHY. [IoKas3aHo je na BeIHMYMHA KpUCTalIUTa UUPKOHUjyM(IV)-0kcupa, TpeTUpaHor Mpu
673-1273 K, pacre ox 9,5 no 40,5 nm, penom. Ilosuwewe temneparype og 385 no 1070 K
BOZAHM 10 nomepawa pHy,, on 6,6 1o 9,9, penom.

(ITpummeno 10. okrobpa, peBupupano 16. neuemdpa 2012)
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Abstract: Dip-immersion is a simple and cost-effective method for the pre-
paration of Ce-based conversion coatings (CeCCs), a promising aternative to
toxic chromate coatings, on metal substrates. In this work, CeCCs were pre-
pared on Al-alloy AA6060 from an agueous solution of cerium chloride at
room temperature. The effect of immersion time and post-treatment in phos-
phate solution on the microstructure and corrosion properties of the coatings
was studied. The longer the immersion time was, the thicker but more non-
homogeneous and cracked were the CeCCs. The post-treatment contributed to
a sedling of the cracks, as proven by an increase in the corrosion resistance
compared with the as-deposited coatings. The CeCCs prepared at longer depo-
sition times and post-treated showed much better corrosion protection than
those prepared at shorter deposition times. A detailed electrochemical impe-
dance spectroscopy (EIS) study was undertaken to follow the evolution of the
corrosion behaviour of the CeCCs with time of exposure to an aggressive
chloride environment (3.5 % NaCl). For the sake of comparison, the EIS pro-
perties of bare AA6060 were also investigated. Linear voltammetry was per-
formed to complete the study. The results confirmed the formation of pro-
tective CeCCs on the surface of AA6060. However, even CeCCs prepared at
longer deposition times and post-treated provided short term protection in the
aggressive environment, due to the small thickness of the coating.

Keywords. cerium; conversion coatings, aluminium aloy; EIS; linear voltam-
metry.
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INTRODUCTION

Conversion coatings containing hexavalent chromium (chromate) have been
widely used for decades as part of the corrosion protection system on aluminium
aloys. However, chromates are prohibited in many fields due to their toxicity,
and replacements that show promise have been extensively investigated.1-6 Ce-
rium-based conversion coatings (CeCCs) are among the most promising alter-
natives because of their anti-corrosion efficiency, environmentally benign nature
and low cost. The effectiveness of cerium salts as corrosion inhibitors was high-
lighted in 1984. Hinton et al.”:8 reported that immersing an Al-alloy in a CeCl3-
containing solution for several days produced a yellowish Ce-based film that
provided significant corrosion protection. Its deposition was driven by the natural
electrochemical interactions between the Al matrix and inclusions of intermetal-
lic compounds (IMCs) that make up structural alloys.® Wilson and Hintonl0
patented a comercially attractive process for the preparation of CeCCs in the
order of minutes, using H->O» to accelerate the deposition kinetics.

The deposition mechanism involves both anodic oxidation of Al, Eqg. (1),
and cathodic reduction of soluble oxygen and/or added H2O», Egs. (2 and 3), res-
pectively, as follows:11-15

Al — Al3*+3e~ (1)
2H,0 + Oy + 4~ — 40H~ 2
Ho0, + 26~ — 20H~- ©)

The generation of hydroxide ions at cathodic sites leads to a strong local
increase in the pH near the aloy surface, which promotes formation of a Ce(OH)3
precipitate or/and soluble ionic complexes, such as Ce(OH)3. When Hz0; is
added, the deposition of Ce(1V) is more favourable than Ce(l11):14.15

Ce3* + 30H- — Ce(OH)3 (5)
2Ce3* + 30H- + Hp0, — 2Ce(OH)} (6)
2Ce(OH)} + 20H- — Ce(OH)4 ©)
Ce(OH)4 — CeOy-2H,0 (8)

An inhibition effect was achieved by the insoluble Ce-oxide/hydroxide layer
formed at the cathodic sites, which suppresses the oxygen reduction reaction (Eq.
(2)), thereby providing cathodic inhibition.8.16

The number of variables that influence the rate of CeCC deposition is large
and includes solution chemistry (cerium salt used — chloride or nitrate, additives
such as gelatine, glyceral to reduce cracking), concentrations of cerium and H2Oo,
pH, temperature, time of immersion, etc. In addition, the surface composition and
electrochemical behaviour of the range of aloys, as a function of aloying ele-
ments, add to the complexity of the deposition mechanism. The most common
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aloys studied are those rich in copper, AA2024 and AA7075, widely used in
aerospace and military applications.”~10.17-29 According to the island growth
model, precipitation of Ce-species commences on cathodically strong, Cu-con-
taining IMCs,”8:27-29 and the deposited film subsequently proceeds to grow over
the Al matrix. It was shown later30:31 that, although the cathodic features of Cu
enhance the deposition, its presence is not necessarily required. The deposition of
Ce was also observed to occur on low Cu dloys (AA5xxx and AABxxx), on IMCs
of cathodic nature with respect to the matrix.32-35

A limited number of studies report on the formation of CeCCs on
AA6xxx.11,28,35-39 However, owing to the attractive combinations of properties,
the AABxxx seriesis of particular interest in the aerospace and automotive indus-
try as potentia replacements for the expensive AA2xxx and AA7xxx.3940 The
benefits include medium strength, formability and weldability, due to the MgoSi
intermetallics formed when slicium and magnesium are added in appropriate
amounts. They are also heat treatable.

CeCCs can be prepared by different chemical methods, such as spontaneous
immersion, spraying and electrolytic routes. Major steps in the coating process
are pre-treatment (acid or alkaline) of the substrate surface,1220-24 deposition
and subsequent post-treatment.12:2526 Declaroy and Petitjean!! showed that any
etching sequence of AABxxx must finish with an alkaline pre-treatment for suc-
cessful CeCC deposition.

In this work experimental parameters for the preparation of ceria-based
layers on the AAG060 by the dip immersion method were studied. In particular,
the time of immersion of the substrate in the conversion solution was investi-
gated, as well as the effect of subsequent post-treatment of the deposited coatings
on their microstructure and corrosion properties. Electrochemical methods: linear
voltammetry and electrochemical impedance spectroscopy (EIS) were applied for
the corrosion testing. The time-dependent EIS behaviour of the CeCCs and of
akali etched AAB060, as the substrate, on exposure to an aggressive chloride
environment (3.5 % NaCl) were detailed and compared with the aim of estimat-
ing the quality of CeCCs and the duration of protection.

EXPERIMENTAL
Pre-treatment of the substrate and coating deposition

Cerium conversion coatings were prepared on (50 mmx25 mmx0.8 mm) panels of
commercial AA6060 alloy used as a substrate. Prior to deposition, the panels were abraded
with SiC papers # 600 and #1000, ultrasonically desmutted in acetone for 2 min, rinsed with
distilled water and then degreased and etched in alkaline solution (NaOH 7.5 g dm,
NagPO,-12H-0, 45 g dm3 Na,SiO3, 4 g dm3, ethoxylate nonylphenol 13 g dm3) at 70 °C for
2 min and rinsed again. The pre-treated panels were immersed for 5 and 20 min in the Ce-
containing solution for deposition. An agueous solution (0.05 M) of CeCl3-6H,O (Alfa
Aesar), acidified to pH 2, was used, with the addition of 24 ml of 30 % H,0, (Fisher Sci-
entific). The coated samples were subjected for 5 min to a post-treatment in a phosphate
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solution (2.5 % NagPO,, pH 4.5) at 85 °C. The post-treated coatings were rinsed in deionised
water and dried in air. All solutions were prepared with analytical grade chemicals and
deionised water.

Electrochemical measurements

Electrochemical measurements were performed in an agueous 0.5 mol dm NaCl solu-
tion under ambient conditions using a Gamry Reference 600 Potentiostat/Galvanostat/ZRA.
The classic three-electrode cell arrangement was used. The working electrode was a coated or
bare AAG060 panel situated in a special holder. The counter electrode was a platinum mesh
with a surface area considerably greater than that of the working electrode. The reference
electrode was a saturated calomel electrode (SCE). The cell assembly was |ocated at a Faraday
cage to prevent electrical interferences. The electrochemical impedance spectroscopy (EIS)
measurements were performed at the open-circuit potential (OCP), over a frequency range
from 300 kHz to 10 mHz, using a 10 mV amplitude sinusoidal voltage. The impedance
spectra were analyzed using Gamry Elchem Analyst fitting procedure. The linear sweep
voltammetry data were collected at a potential sweep rate of 0.5 mV s?, starting from the
OCP, after a constant value was achieved (up to 30 min). Cathodic and anodic polarizations
were performed independently.

Scanning electron microscopy with energy dispersive spectroscopy

A scanning electron microscope (SEM) JEOL JSM-5800, operated at 20 keV, equipped
for energy dispersive spectroscopy (EDS) measurements, was used to analyze the morphology
and composition of the CeCCs.

RESULTS AND DISCUSSION
The CeCCs microstructure

After 5 min of immersion in the conversion solution, the entire substrate
surface underwent a noticeable change in colour, from initial metallic grey to
light yellow. The colour turned evenly to dark yellow as the immersion time was
increased to 20 min. The change in colour could be taken as an indication of
different film thicknesses as a consequence of different deposition times. The
CeCCs microstructure was characterized by SEM, a commonly used technique
for morphology studies.34.941 SEM images of the as-deposited CeCCs, prepared
at short and longer deposition times, are presented in Fig. 1.

As can be seen, the films covered, were adherent and had a rather rough sur-
face. Polishing marks were noticeable after 5 min immersion, but they were no
longer visible after the longer deposition time. The plan view of the coatings,
illustrated in Fig. 2a for the CeCC deposited over 20 min, exhibited an inhomo-
geneous structure of deposited layers, with numerous defects and cracks. The
cracks were more pronounced in the sample prepared at the longer deposition.
However, the CeCCs microstructure visibly changed after the post-treatment: the
majority of the cracks were effectively sealed, rendering a coating surface with
fewer imperfections, as seen for the CeCC after 20 min deposition (Fig. 2b).

The EDS analysis (not shown) performed for CeCCs prepared at 5 and 20
min immersion confirmed a low amount of cerium deposited over the aloy sub-
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strate. The weak Ce signals recorded at 0.9 and 4.9 keV were more pronounced
for the CeCC prepared for alonger time, i.e., the amount of Ce increased from 1.24
at. % for CeCC deposited for 5 min to 1.97 at. % Ce for the coating deposited for
20 min, which is in accordance with visual observations of the thicknesses of the
coatings. After post-treatment in heated phosphate solution, a strong P signal
appeared at 2 keV. Since the P content was quantified as 4.51 at. % (more than
twice the Ce one) it is reasonable to believe that it allowed a conversion of the
entire amount of Ce(CC) to the CePO4 compound (see “Effect of post-treat-
ment”).

L pm

@ (b)
Fig..1. SEM microphotographs of CeCCs deposited for @) 5 min and b) 20 min (tilted view).

Electrochemical properties of the CeCCs

The electrochemical properties of the CeCCs exposed to 0.5 mol dm—3 NaCl
were examined by EIS, a commonly used method in corrosion test-
ing.9:31,34,38,42,43 The method was applied to measure the corrosion resistance of
the coatings and to study the effect of the post-deposition treatment. A study was
also undertaken to follow the evolution of the EIS properties of CeCC as well as
those of akali-etched AAG060, as the substrate for the deposition of CeCCs, with
time of exposure to the corrosive agent. In addition, potentiodynamic measure-
ments were performed to complete the corrosion behaviour study.

Effect of deposition time

The Nyquist plots in complex plane of CeCCs prepared by immersion in
cerium-containing deposition solution for different periods (5 and 20 min), and of
alkali-etched AAGOGO, as a reference, after 1 h of exposure to 0.5 mol-dm3
NaCl solution are depicted in Fig. 3. No significant difference in the impedance
plots was observed for CeCCs deposited for 5 and 20 min. A possible reason for
the similar behaviour could be the cracked surface of the coatings. An increasein
thickness, i.e.. increase in deposition time, led to further crack propagation. How-
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ever, the impedance values measured for both CeCCs were almost three times
higher than that of bare AA6060.

)

100 et T 2

(b)

Fig. 2. SEM microphotographs of CeCCs deposited for 20 min, a) without and
b) with post-treatment (plan view).
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Fig. 3. Nyquist plots for CeCCs deposited for different deposition times and a kali-etched AA
6060, after 1 h of exposure to a0.5 mol dm =3 NaCl solution.

Effect of post-treatment

The purpose of the post-treatment of CeCCs was to improve the corrosion
resistance. As reported earlier,18 immersion of the coatings into a heated phos-
phate solution immediately after deposition sealed the present cracks, eliminated
cerium-peroxide/hydroxide species and altered the chemical composition by con-
verting most of the CeCCs to CePO4-H>0, al of which increased the corrosion
protection. This study also confirmed (Fig. 2) that the post-treatment induced a
change in the microstructure of the CeCCs. Accordingly, the post-deposition
sealing of the cracks significantly increased the impedance of the coatings, as
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illustrated in Fig. 4 for the CeCC prepared in a 20 min deposition; the impedance
of the post-treated sample was around 4 times higher than that of the as-deposited
one. A similar trend was also registered for the CeCCs deposited for 5 min (Figs.
3 and 4). Although both post-treated CeCCs (5 and 20 min deposition) had higher
values of impedance in comparison with that of alkali-etched AA6060, the longer
deposition offered much better corrosion protection than the shorter deposition

(Fig. 4).

30
20 min deposition, post-treated

20 min deposition
5 min deposition, post-treated
alkali - etched AA6060
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Fig. 4. Nyquist plots for CeCCs, 20 min deposition without and with post-treatment, and 5
min deposition with post-treatment, after 1 h of exposure to a 0.5 mol dm3 NaCl solution.

Polarization measurements

The potentiodynamic polarization measurements gave further information on
the behaviour of CeCCs in the corrosive agent (0.5 mol dm—3 NaCl). As it was
shown that the post-treatment of CeCCs increased the corrosion protection of
AAB060, only the post-treated samples were tested. The cathodic and anodic
polarization curves registered for the CeCCs deposited for 5 and 20 min and for
alkali-etched AA6G060, as a reference, are shown in Fig. 5. As can be seen, smaller
cathodic currents were measured for the CeCCs than for AA6060, since the CeCCs
decreased the cathodic current density of oxygen reduction. The CeCC deposited
for 20 min reduced the current more than the one deposited for 5 min, as a result
of the diminution of the cathodic sites.244 The retarding effect of CeCCs on the
anodic process of the aloy is more easily observed if the anodic curves are
presented in alinear rather than in a semi logarithmic form (Fig. 5b). At a fixed
potential, for instance —0.575 V, the anodic current densities were 2.73, 1.04 and
0.23 mA cm2 for AAG060 and CeCCs deposited for 5 and 20 min, respectively.
This clearly indicates a reduced anodic activity of the CeCCs on AA6060, which
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was especially pronounced for the sample deposited for 20 min and post-treated.
The results confirmed that the CeCCs affected both the cathodic and anodic

behaviour of AA6060.

E/Vvs. SCE

j/ uAcm?

T T T T T T T T T T 1
-0.75 -0.70 -0.65 -0.60 -0.55 -0.50
E/V vs. SCE

Fig. 5. Cathodic (a) and anodic
(b) polarization curves for
CeCCs deposited for 5 and 20
min and post-treated, and
akali-etched AAG6060 in 0.5
mol dm3 NaCl solution.

Time dependence of the EIS characteristics of CeCC and alkali etched AA6060

For an extensive EIS study, the CeCC deposited for 20 min and post-treated
was submitted to along-time immersion in a 0.5 mol dm—3 NaCl solution, since it
showed the best protective properties. The evolution in corrosion behaviour of
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CeCC, over a month period, is presented in the Bode module and phase plots,
Figs. 6aand 6b.
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Fig. 6. Bode module (a) and phase plots (b) for CeCC deposited for 20 min and post-treated
after different times of exposurein 0.5 mol dm3 NaCl solution.
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The highest Znog value (50 kQ cm?) was measured at the beginning of expo-
sure (1 h), corresponding to a high pore resistance value of the coating. After 15
h immersion, there was a significant decrease in Zyog. A much smaller change
was registered after 5 days, followed by a small, gradual decrease up to 12 days
of exposure. In the next 13-30 days, the Zygg attained an almost constant value
(15 kQ cm?), which was more than 3 times smaller than the initial one. Two time
constants could be seen in the EIS spectra, Fig. 6b. The first time constant,
appearing at higher frequencies, is associated with the CeCC, while the other one
refers to the AA6060 substrate.

The EIS data were fitted using the equivalent electrical circuits shown in Fig.
7. The circuits consist of electrolyte resistance, Rn, CeCC pore resistance, Ro,
coating capacitance, C, charge-transfer resistance, Ry, and CPE, a constant phase
element which represents al frequency dependent electrochemical phenomena,
namely the double layer capacitance, Cq, and diffusion processes.

Ce

(a) (b)
Fig. 7. Equivalent electrical circuits for CeCCs on the AAG060 alloy.

The results obtained are summarized in Fig. 8, which presents the evolution
of CeCCs pore resistance and CPE with time. Fig. 8a shows that the highest
value of the pore resistance (R, > 45 kQ cm?) was measured for the CeCC just
after its immersion in the aggressive chloride solution. The result is in accord-
ance with the cross-sectional SEM observation (inset in Fig. 8a), which indicates
a small average thickness (2 um) of the coating. After 15 h exposure, the R,
value had decreased significantly (=20 kQ cm?). During the following 15 days,
the value gradually decreased. From 20 days to the end of tests, the R, value was
nearly unchanged (=10 kQ cm?). The value of the double-layer capacitance
(more correctly, constant phase element, CPE) showed a tendency to increase
during 20 days of immersion in NaCl solution and then gradually reached a cons-
tant value (Fig. 8b).

An EIS study of AA6060, used as the substrate, was also conducted (Figs. 9a
and 9b). Prior to the CeCCs deposition, the substrate underwent akaline etching,
as detailed in the Experimental section. This treatment is known to induce the
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formation of an alumina gel layer on the surface. This non-insulating layer was
proven necessary for the deposition of Ce-species on the AABXxx series, alow-
ing faradic processes to occur. Hughes et al.4° claim that the transfer of OH—
through the hydrated alumina layer assists the progress of the precipitation of
cerium species. This layer is progressively substituted by a much more adherent

Ce0o-2H50 layer.

p

R /kQcm®
=

CPE/F cm™
3
n Iw
-\

0 ' 10 20 30
t/ days
Fig. 8. The time dependences of a) pore resistance, R, and b) constant phase element, CPE, for

CeCC deposited for 20 min and post-treated, during exposure to a0.5 mol dm3 NaCl solution
(inset shows cross-sectional SEM micrograph of CeCC).

10*

The Nyquist plots in complex plane of akali-etched AAG060 during diffe-
rent exposure times, as well as that of CeCC, given for comparison, are shown in

Fig. 9a
The relatively small impedance vaue of the alkali-etched AA6060, measured

after immersion in the corrosive agent could be attributed to the cracked gel
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structure, illustrated in Fig. 9b. In the following days (Fig. 9a), the impedance
increased gradually. The increase in impedance value with immersion time can
be related to the gel wetting and self-healing (crack sealing) and the growth phe-
nomena. On the other hand, it can be seen that already after 12 days of exposure
to the NaCl solution, the resistance of the CeCC approached the resistance of the
alkali-etched AAGO60. Thus, after about 2 weeks, the impedance value of the
CeCC attained the impedance value of the dumina gel layer. This result suggests
that the CeCC degrades with time, and provides only temporary corrosion protec-
tion to the AA6060 alloy, which could be expected for such athin filmin such an
aggressive corrosion agent as 0.5 mol dm—3 NaCl solution.

g O alkali-etched 1h
m  alkali - etched 3 days [
1 v alkali- etched 14 days °
N 61 e cCeCC 12 days
5 7 ° hd
i veve
g 4 T v e -
— z m N v [ ] Ve
E ] u [ P )
N 2 ID m] - 1 L)
' 24 @ qog o "m m" %y

[m DQ@D w

0
0

(o)

Fig. 9. @) Nyquist plots for alkali-etched AA6060 after different exposure timesto 0.5 mol
dm3 NaCl solution and b) for CeCCs and microphotograph of alkali-etched AABOGO.

CONCLUSIONS

Cerium conversion coatings (CeCCs) were deposited on AA6060 by immer-
sion in an acidified aqueous solution CeCl3 for 5 and 20 min at room tempe-
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CERIUM-BASED CONVERSION COATINGS 1009

rature. To accelerate the deposition kinetics, HoO> was added. Cracked layers
with non-homogeneous and defect structures were produced. A subsequent post-
treatment in a phosphate solution contributed to crack sealing, which improved
the protective qualities of the coatings. The layers quality was evauated from a
corrosion perspective using linear sweep voltammetry and EIS, to assess the
kinetics of the corrosion process and to estimate the duration of protection in a
chloride-containing environment (0.5 mol dm~3 NaCl). The CeCCs increased the
corrosion resistance of AA6060, slowing down the anodic and cathodic reaction
rates with respect to the bare AA6060. The longer deposition time was more
effective. However, the EIS study indicated that CeCCs provided only short term
protection (2 weeks) to the AA6060 alloy.

Acknowledgment. This research was financed by the Ministry of Education, Science and
Technological Development, of the Republic of Serbia (Grant Nos. 111 45019 and |11 45012).

n3BO[J

EJIEKTPOXEMHIJCKE METOJIE 3A UCITUTUBAILE KOPO3HUOHE CTABHMJIHOCTH
[TPEBJIAKA HA BA3U HEPUJYMA NOBUJEHUX ITIOTAITAILEM HA JIETYPU AA6060

BOPE B. JETIWR', JBU/bAHA C. JKUBKOBHE?, JOBAH II. [IOTTUR’, JEJIEHA B. BAJAT?
1 BECHA B. MULIKOBUR-CTAHKOBUR

1 Hucruryr loma, Muiana Paxwha 35, 11000 beorpaz, ZHHCTHU/T 3a HyKk/i1eapHe Hayke BuHua, YHHBED-
surer y beorpazy, n. np. 522, 11001 beorpaz, SuxTim - I]enTap 3a €/IEKTPOXEMH]Y, YHHBEP3HTET ¥
beorpany, Fberomesa 12, beorpag u 7 EeXHO/IOIKO—META/IyPIUKH QaKyaTeT, YHHBEP3HTET y beorpazny,
Kapuernjesa 4, m. np. 3503, 11120 Beorpazy

Hazouleme npesnaka I0oTalakeM y PacTBOP je jeJHOCTaBHA M eKOHOMCKU IPHUXBAT/bHBA
MeTOJIa 33 IIPUIIpEMY KOHBEP3HOHUX ITPEB/Iaka Ha dasy LiepHjyMa Ha METaIHUM CyICTpaTUMa,
Koje cy modpa 3aMeHa 3a TOKCHYHE XpOMaTHe IIpeBjlake. Y OBOM pajy IpeBjake Ha dasu
LEpHjyMa Cy HaHECEHE Ha alyMHUHHjyMCKy Jierypy AA6060 u3 BomeHOr pacTBOpa LEPHjyM-
-XJI0puia Ha CODHOj Temmeparypu. HMcnuUTHBAH je yTHIIQj] BpeMeHa IOTalama W YTHLAj
HaKHagHOT TpeTMaHa y docdaTHOM pacTBOPy Ha MHUKPOCTPYKTYPY M 3alUTHTHA CBOjCTBA
nodujeHUx npesiaka. Jy)XHM IoTanawmeM Cy jJodujeHe fedibe alyd HEXOMOIeHe IpeBIake.
HaxHagHU TpeTMaH je MOBOJBHO YTHLA0 HA 3aTBapame IIPCKOTHHA, IITO je y CamIacHOCTH ca
usmepeHoM Behom kopo3uoHoM otnopHoiwhy y nopehewy ca mpesrakama 0e3 TpeTMaHa.
ITpeBnake foOUjeHe OyKUM HaHOLIEHEM Cy MOKasaue D0/by KOPO3HUOHY 3alITUTY Of IIPeB/aKa
nobujennx kpahum HaHouemeM. Kopo3wWoHa CTadMIHOCT NpeBiaka je WCIHWTHBAHA y arpe-
CUBHOj XJI0pUIHO]j cpenunH (3,5 % NaCl) MeTomaMa CeKTpOCKOIHje eleKTPOXeMUjCKe UMIIe-
nanuuje (CEW) u nuHeapHe Bontamerpuje. JleTabHO je mpaheHo KOpO3HMOHO MOHAlllamke Tpe-
BJlaka Ca BPEMEHOM Jel0Bamba KOpo3uoHOr areHca. ITopehewa pamu, CEM aHanusa je copo-
BeZleHa U 3a jnerypy AA6060 e3 npesnake. PesyntaTy uctpakusamwa NoTBphyjy Aa modujeHe
npeBake Ha 0a3W LiepHjymMa NpPenCTaBbajy JOOpYy KOPO3HOHY 3amTuTy jerypu AA6060.
MehyTum, yak 1 KBaIUTeTHHja npeBiaaka (20 MUH MOTamnama U HAKHAJHO TpeTHpaHa y doc-
¢arHOM pacTBOpy) 0de3belyje nerypu KpaTKOPOUHY 3alUTHUTY y arpeCUBHOj CPeIUHH yCiie[
cBOje Mare edspuHe.

(ITpumbeno 12. neuembpa 2012, pesunupano 17. janyapa 2013)
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Subcritical and supercritical fluid extraction of heavy metals
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Abstract: Demetalization of Pb, Ni, Zn, Cu and Cr heavy metal ions from sea
sand and real samples of sewage sludge by subcritical water and supercritical
carbon dioxide was investigated. Experimental parameters such as temperature,
pressure, extraction time in the static and dynamic mode and sampling were
optimized in order to determine the suitable conditions for high remova of
metals. The best extraction efficiencies were obtained using acetyl acetonate as
achelating agent in both subcritical water and supercritical CO, extractions for
real and artificial samples. Samples collected from extraction system using
both subcritical water and supercritical carbon dioxide were analyzed by induc-
tively coupled plasma mass spectrometry (ICP-MS). The highest recoveries
obtained from real samples for Cr, Cu, Ni, Pb and Zn were 77.25, 95.1, 84.82,
94.92 and 98.39 %, respectively, using the chelating agent in the subcritica
water extraction.

Keywords. subcritical water; supercritical carbon dioxide; demetalization;
heavy metal extraction; sewage sludge; sea sand.

INTRODUCTION

Metal waste contamination is a big threat for the environment and human
health.14 There are several methods for monitoring and clean up metal conta-
minated soils.56 Traditional extraction methods, such as BCR, Tessier, etc., have
been used for decades, but these methods are time consuming and environment-
aly unacceptable.”10 In addition, analytical difficulties are encountered when
employing sequential extraction methods. In addition, these methods involve the
use significant amounts of environmentally unacceptable chemicals.

Previous research showed that in order to obtain higher recoveries of
selected metal ions, the use of nitric acid-modified water as an extraction solution
is the most effective.ll The acid is stronger than water in solubilizing metals

* Corresponding author. E-mail: yabal akerdal @gmail.com
doi: 10.2298/JSC120321123Y
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from sewage sludge and various matrixes. Enhancing the nitric acid concentra-
tion has a positive effect on the extraction recoveries. Nevertheless, it was shown
that concentrations higher than 4 % caused clogging of the extraction system,
including tubes, filters and valves.1213 Morales-Mufioz et al. tested various
HNOj3 acid concentrations as an extraction solvent modifier in order to optimize
the method and obtain the best recoveries. They obtained that the optimum value
was 1 %.14 Therefore, a solution of 1 % nitric acid was used in the study. Thus,
an initial experiment that was performed with 1 % nitric acid for optimizing the
method and blank experiments confirmed that concentrations higher than 1 %
introduced difficulties and decreased recoveries.

Subcritical water extraction (SoWE) and supercritical carbon dioxide extrac-
tion (SCE) are promising alternatives to conventional solvent extraction, as not
only do they remove heavy metals, but also the morphology and structure matrix
isretained.

Carbon dioxide and water are an environmentally acceptable solvent due to
their low cost, and non-toxic and non-flammable nature and solubility character-
istics, which are changeable by varying the temperature and pressure. Therefore,
the SbWE is the efficient technique which nowadays constantly applied by
researchers for its beneficial properties such as the solubility capability, mass
transfer properties, diffusion coefficient etc.1°

In the recent years, the vast majority of supercritical fluid extractions have
focused on the use of supercritical carbon dioxide (scCO») to extract metals as
some metal complex, because carbon dioxide has low toxicity and is environ-
mentally acceptable.16

Subcritical water, which is usually sufficient to produce the desired physico-
chemical properties, exhibits moderate polarities and suitable solvent properties
at temperatures between 100 and 374 °C and high enough pressure to maintain
the water in the liquid state.16:17 The dielectric constant of water, which is a
measure of polarity, decreases dramatically when it is heated under sufficient
pressure to maintain the liquid state.18.19 For example, dielectric constant (g) of
water is 80 at ambient temperatures, but decreases to =30 at 250 °C.19 Thus,
water at high temperature behave as a non-polar solvent; hence, it can be
employed to extract organometallic compounds. At ambient conditions, low
polarity organic compounds are poorly soluble in water, but increasing the tem-
perature increases the solubility of non-polar organic compounds. Thus, low
polarity organic compounds could be dissolved in supercritical water (T > 647 K
and p > 22.0 MPa), but unfortunately its reactive and corrosive nature makes
supercritical water impractical for analytical applications, due to the high tempe-
rature and pressure.20 Hawthorne et al. used water as an extraction solvent to
extract polycyclic aromatic hydrocarbons (PAH) at subcritical and supercritical
conditions.18 Likewise, Akinlua et al. used subcritica water for trace metal
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extraction from petroleum source rock.21 Many organic complexing agents have
been used in previous studies of supercritical fluid extraction and pressurized hot
water extraction (PHWE) of heavy metals.22-25

The solubility of metal ions in the fluids is crucial. However, by converting
charged metal ions into neutral metal chelates using organic chelating agents, this
solubility can be enhanced.26-32 Thus, the selection of suitable agents is critical
in the chelating-SCE of metal ions.33 Acetyl acetonate (AcAc) and its metal
chelates dissolve in subcritical water and supercritical CO5.34:35

Although various methods including different additives widely applied for
the extraction of heavy metals, few data are available for the extraction of sewage
dudge with subcritical water or supercritical carbon dioxide using the beta
diketone AcAc.36.37

Thus, AcAc was used as a chelating agent in the present study, which was
aimed at the development of a fast, a cheap and an environmentally friendly
method for the demetalization of soils using subcritical water and supercritical
COy extraction methods. The heavy metals (Cu, Cr, Ni, Pb and Zn) were
extracted from an artificial sample and a CRM (Certificated Reference Material)
sewage sludge sample in the presence and absence of the metal chelating agent
AcAc.

EXPERIMENTAL
Chemicals and apparatus

The certificated sewage sludge reference material (LGC 6181, Laboratory of the
Government Chemist (LGC), Teddington, Middlesex, TW11 OLY, UK) contains Cu(NOs3),,
Cr(ClOy)3, Ni(NOs3),, Pb(NO3), and Zn(NOg), in certain quantities obtained from LGC.
Standard metal salts, i.e., CU(NO3),, Cr(ClOy)3, Ni(NO3),, PH(NOs3), and Zn(NOs),, and sea
sand (extra pure), which were used for the artificial experiments, were obtained from Merck.
Ultra-pure HNO3 was purchased from Sigma-Aldrich. Chelating agent (acetyl acetonate) was
procured from J. T. Baker. Ultra-pure water (18 MQ cm), which was used in the SoWEs and
dilution procedures, was obtained from a Millipore Milli-Q Advantage A10 system.

All extractions were performed using a specia stainless stedl cylindrical extractor (100
mm x 5 mm i.d.). Both ends of the column were covered with 0.45 pm mesh size filters for
the prevention of particulates. A solution of 1 % nitric acid was used as the extraction solvent
for the SOWE experiments, while neat CO, was used for the supercritical CO, extraction
(SCE) experiments. The experimental set-up as shown in Fig. 1 was used for both the SbWE
and supercritical CO, extraction experiments. The fluids were delivered in the constant pres-
sure mode at a specific value using a Teledyne I SCO 260 D series pump.

An Agilent 7500ce ICP-MS instrument (Tokyo, Japan), equipped with a collusion/reac-
tion cell in the form of octopole reaction system (ORS), was used for the analysis of Cu, Cr,
Ni, Pb and Zn meta ions in the extracted samples. The utilized argon gas was of spectral
purity (99.998 %). The external standard calibration method was applied to all determinations,
using Li, Sc, Ge, Y, In, Tb and Bi internal standard mixture (in 2 % HNO3; matrix). National
Institute of Standards and Technology (NIST) single element reference standards were used to
construct ten-point calibration curves.
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Vi
COz inlet

< Pump1 * Pump 2 ™ viea pure water (18 M11) = =
Fig. 1. Schematic diagram of extraction system (V1: CO, tubefilling valve, V2 and V3:
pressure regulation valve, V4: pump 1 filling valve, V5 and V6: pump 2 filling valve, V7 and

V8: fluid transfer valve, V9: emptying/collecting valve).

The ICP-MS instrument was operated under the following parameters, RF power 1500
W, plasma gas 15 L minl, auxiliary gas flow at 1 L min'1, nebulizer pump 0.1 rps, measu-
rement time 0.5 s, make-up gas 0.13 L min'Z.,
Pre-tests of sampling

For determining trace metal residue derived from the chemicals and apparatus, extra pure
sea sand was used as a blank. Initial experiment was performed with subcritical water and
supercritical carbon dioxide and the metals of interest were not detected in collected solutions.

Procedure

The artificial samples were prepared by adding 400 pL of a 500 ppm concentrated metal
salt solution to 1.000 g of sea sand. Likewise, 1.000 g of sewage sludge was used for the CRM
samples. The sample was placed in extraction cell and 200 pL of the chelating agent (acetyl
acetonate) was added and covered by glass wool. The extraction cell was screwed on, and the
cell was placed into the oven and pressurized with fluid (water in SOWE and carbon dioxide in
SCE). After static mode extraction (30 min), the exit valve was opened and during dynamic
mode extraction, the extracts were collected in ultra-pure water modified by 1 % HNOs. 5 mL
of water was used in the SOWE and 200 cm? of CO, was used in the SCE for each experiment.
Acetyl acetonate (AcAc) was used as a chelating agent. Experiments were performed in the
presence and absence of the chelating agent under the same extraction conditions. Each expe-
riment was repeated three times under the same conditions and the average recovery and
standard deviation values were calculated. SCE experiments were performed at 90 °C, 120
bar; 80 °C, 110 bar and 70 °C, 100 bar. The SbWE experiments were aso performed at 110
°C, 70 bar; 120 °C, 80 bar and 130 °C, 90 bar in the constant pressure mode.
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RESULTS AND DISCUSSION

In order to optimize the SCE and SoOWE methods, Pb2* was used as a refe-
rence metal. The parameters affecting both SCE and SbWE, namely, the amount
of chelating agent, the extraction time and the optimum pressure-temperature,
were investigated in order to attain the best recoveries. It was observed that den-
sity, which can be varied by changing the temperature and pressure, is one of the
most influential factors affecting the extraction step and its increase had a posi-
tive effect on the recovery of the analytes. The other influencial factor affecting
the extraction is the addition of chelating agent on the samples, especidly for the
SCE. It was found that the recovery of Pb2* increased by using the chelating
agent AcAc and with increased temperature—pressure (Table 1).

TABLE I. Removal of Pb?* added to sea sand by SCE or SbWE in the absence (a) or presence
(b) of AcAc; initial amount: 500 ppm

SCE SbWE
p t CO,density a b p t Water density®? a b
bar °C gmL1? bar °C g/mL

100 70 0.248 16.8+2.6 46.7+45 70 110 0.95407 76.6+1.1 95.3+0.9
110 80 0.258 17.2+14 52.6+2.2 80 120 0.94680 79.5+0.9 96.3+0.8
120 90 0.264 20.1+1.8 57.4+3.8 90 130 0.93918 83.6+1.3 97.6+1.2

Extraction of artificial Pb2*

Artificial extractions of Pb2* from sea sand were performed by SCE and
SbWE at selected temperature with and without AcAc and the obtained reco-
veries were compared with each other. Artificial extractions of Pb2* from sea
sand were performed by SCE at 70 °C, 100 bar (dco, = 0.248 g mL-1); 80 °C,
110 bar (dco, = 0.258 g mL~1) and 90 °C, 120 bar (dco, = 0.264 g mL—1) and
by SbWE at 110 °C, 70 bar (dn,0 = 0.95407 g mL—1), 120 °C, 80 bar (dn,0 =
=0.94680 g mL~1) and 130 °C, 90 bar (dp,0 = 0.93918 g mL~1) both with and
without AcAc. The recoveries are given in Table . It was observed that enhanc-
ing the density of CO» and decreasing the density of water, especially using the
chelating agent, increased the extraction yields.

SCE of artificial samples and CRM samples

Effective extractions of the selected metals were performed by SCE from
CRM samples and the best result was obtained at 90 °C, 120 bar (dco, = 0.264
g mL) for each metal with AcAc (Tablell). In the absence of the chelating agent,
the extraction yields were not good enough for efficient demetalization. The
highest recovery was obtained for Pb2* (50.2+2.4) at 90 °C, 120 bar with the
chelating agent (Table I1). It was observed that an enhanced density mostly
scaled up the recoveries and that without the chelating agent no satisfactory yield
was obtained. Solubilities of the organo-metallic compounds played a key rolein
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determining the extraction efficiencies. Dissolution and extraction of the inso-
luble metal compounds from CRM samples depended on the chelation ability of
the chelating agent.28 Using AcAc, enhanced the recoveries for each metals and
enhanced temperature—pressure improved the yields.

TABLE Il. Removal of metals from artificial and CRM samples by SCE in the absence (a) or
presence (b) of AcAc; initial amount: 100 ppm

lon a b
100 bar, 110 bar, 120 bar, 100 bar, 110 bar, 120 bar,
70°C 80°C 90°C 70°C 80°C 90°C
Extraction yields of metals from artificial samples, %
Cr3* 9.3+0.9 9.9+1.4 10.0+1.2 31.0+1.2 37.4+2.6 40.2+2.3

Cuz*  89+14 10.7+1.8 11.6+1.5 31.9+2.4 40.0+2.8 454425

Ni2t  12.4+1.6 17.3+1.7 18.1+2.1 27.6+2.9 43.6+2.7 47.5+4.3

Po?*  13.6+0.8 15.6+1.1 18.60+1.2 41.4+1.3 45.1+1.8 50.2+2.4

Zn*t  13.1+0.3 14.1+0.5 15.1+1.0 45.2+0.9 47.1+1.3 48.2+5.4
Extraction yields of metals from CRM samples, %

lon a b
100 bar, 110 bar, 120 bar, 100 bar, 110 bar, 120 bar,
70°C 80°C 90 °C 70°C 80°C 90 °C
Cr3* 6.2+0.9 7.1+0.9 7.9+1.3 27.9+2.8 28.2+2.9 28.6+2.0
Cu?* 9.2+2.7 9.3+1.5 10.6+2.1 26.2+1.7 32.1+2.0 35.8+1.8

Ni2+ 10.6+3.1 12.5+1.8 13.2+1.4 22.5+4.5 35.6+1.6 39.4+0.9
Po?* 9.5+1.4 10.9+2.8 12.3+2.0 36.4+0.3 42.1+0.8 45.3+0.4
Zn?* 9.6+2.7 11.8+2.0 12.6+1.9 31.2+1.0 40.8+2.9 42.1+1.1

The direct extraction of metal ions using neat supercritical CO» without the
addition of a chelating agent is extremely inactive because of the necessity of
charge neutralization and the weak solute-solvent interaction. Whereas, when the
metal ions are chelated with organic ligands, they become quite soluble in
scCO,. Similarly, direct extraction of metal ions by subcritical water without the
addition of the chelating agent is highly inefficient in comparison with extraction
using a chelating agent.383° Generally, higher yields were obtained in the
extraction of sea sand samples compared with CRM samples for almost al
metal s because of the solute—solute and solute—matrix interactions which caused
reduced yields in the CRM samples.23 The matrix composition plays an impor-
tant role in the efficiency of the extraction of heavy metals by supercritical and
subcritical fluids. The artificial metals are held on the surface of the sea sand
crystals during artificial sample extractions.28 The difference between the results
of Pb extraction yields (%) in Tables | and Il for the single element (57.4 %) and
multi mixed element (50.2 %) suggests that extraction of this metal from CRM
was dependent on the chemical form and matrix interaction. Therefore, the
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extraction of Pb from sea sand was facilitated compared to CRM. Thus higher
recoveries could be obtained in the extraction of artificial samples.

SHWE of artificial samples and CRM samples

The extraction yields shown in Table |1l clearly demonstrated that SOWE
was a more effective method than SCE method. The highest recoveries obtained
from real samples for Cr, Cu, Ni, Pb and Zn were 77.25, 95.1, 84.82, 94.92 and
98.39 %, respectively, when the chelating agent was employed. The lowest reco-
very was obtained for Cr (52.4+2.6) at 110 °C, 70 bar (dy,0 =0.95407g mL-1)
in the absence of the chelating agent. It was found that the efficiency of SbWE
was increased in the presence of the ligand.

TABLE I1l. Removal of metals from artificial and CRM samples by SbWE in the absence (a)
or presence (b) of AcAc

Extraction yields of metals from artificial samples, %
lon Initial a b
amount 70 bar, 80 bar 90 bar, 70 bar 80 bar, 90 bar
ppm 110°C 120°C 130°C 110°C 120 °C 130°C
Cr3* 100 524426 54.8+t18 56.5+23 781+23 794419  83.6145
Cu2* 100 62.6+19 634+24 67.8+29 935t14 96.4+1.7 96.8t14
Ni2* 100 58.7425 585+22 69.4+34 851+18 86.3t2.7 90.6+1.2
Po2* 100 69.2+¢32 71.8+15 749+29 935+14 94.6£¢0.7 96.6+0.7
Zn?t 100 729429 747426 725+1.8 97.9+16 98.1+0.6  96.4+0.9
Extraction yields of metals from CRM samples, %
lon Initial a b
amount 70 bar, 80 bar, 90 bar, 70 bar, 80 bar, 90 bar,
ppm 110°C 120°C 130°C 110°C 120°C 130°C
Cr3+ 78 69.4+t54 60.6+45 64.7+3.4 712126 73.2+94  77.2+4.9
Cuz* 354  73.7+1.3 80.2+1.7 86.7t1.6 842+26 90.2+3.8 95.1+34
Ni2* 45 64.9+46 72.6+59 73.6+6.7 81.0+6.2 82.3+10.3 84.8+12.0
Po2* 105 804425 857431 86.6+x4.1 92.0+7.7 92.9+44  94.9+7.0
zn?t 1100 86.4+0.5 89.4+1.8 83.8+20 96.7+0.5 98.4+1.8 94.7+4.6

The reduced viscosity, efficient surface tension properties of subcritical
water and diffusion coefficients of solutesin subcritical water allow for favorable
mass transfer properties. Changing the temperature—pressure had a large effect as
it atered the physicochemical properties of anaytes and fluids. Thus, SbWE
could be performed in the demetalization of various matrixes.40

The chelating ligand formed stable organometallic complexes with the metal
ions. The organometallic complex dissolved readily in the subcritical water.
Thus, the extraction of the heavy metals was simplified via their conversion to
ligand—metal complexes.

High extraction yields were obtained in the SOWE extraction of the CRM
samples both with and without the chelating agent (Table 111). However greater
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recoveries were obtained using AcAc. The matrix interaction that caused reduced
yields in the SCE was not effective in the SOWE. Thus, the extraction yields
showed that SOWE was more effective than SCE. There were only small diffe-
rences in the yields when the SbWE was performed at different temperatures.
Hence, temperature was less influential than the chelating agent (AcAc) in
improving the yields during SbWE.

CONCLUSIONS

The effective conditions for elevated recoveries of heavy metals from real
and artificial samples were investigated. It was observed that subcritical water is
a more effective fluid compared to supercritical CO» for the extraction of heavy
metals from various matrixes, although SbWE requires more harsh conditions
than SCE. The density of supercritical CO» increased and that of water decreased
with increasing temperature—pressure. Thus, the diffusivity of subcritical water,
and the solvation and penetrating power of both improved and higher recoveries
were obtained at elevated temperature—pressure in SOWE and SCE

The most popular environmentally friendly techniques, SCE and SbWE, for
the extraction of trace metals, such as Pb, Ni, Zn, Cu and Cr, from sewage sludge
and sea sand using the chelating agent AcAc were compared. It was shown some
amounts of the metals could be extracted by SCE and almost the total amount of
metal s present in the samples could be extracted by SbWE from sea sand and real
samples in a short time compared to traditional methods, such as BCR and
Tesser.
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CYBKPUTHUYHA U CYTIIEPKPUTUYHA &JIYUI EKCTPAKLIIMJA TEHIKUX METAJIA U3
I[MECKA ¥ OTITAIHOI MYJBA

ERDAL YABALAK and AHMET MURAT GIZIR

Department of Chemistry, Faculty of Arts and Science, Mersin University,
Mersin TR-33343, Turkey

HcnurtuBaHa je excTpakuuja joHa temkux Metana Pb, Ni, Zn, Cu u Cr u3 Mmopckor Iecka
U peasHUX y3opaka OTHafHOr Mysba MoMohy CyOKpHUTHYHE eKCTpaKlHje BOLOM U CyNepKpH-
THYHE YI/beH-IUOKCHIOM. ONTUMHU30BaHU Cy €KCIIEPUMEHTANHHU TapaMeTPU Kao IITO Cy TEM-
nepaTypa, NPUTHCAK, BDEMEe €KCTpaKLHUje Y CTaTUYKOM U JHMHAMHUYKOM DEXHUMY M Y30DKO-
Bame, pagu ormpehuBama IMOTONHUX YCIOBA 3a yKiIamame meTana. Hajseha edukacHocT ekc-
TpaKUHje ca PeaJHMM M CHHTETHYKHMM Yy30pUHMa je nobdHjeHa KOpHIThemeM aleTHI-alleTo-
HaTa kao xenupajyher areHca, y oda TuUNa €KCTpakuHja, CyOKPUTHYHO] BOAOM W CyNEpKpH-
THYHO] yI/beH-TUOKCUIOM. Y30pLH H0oOUjeHH [0CIe eKCTpaKLije aHalIu3UpaHy Cy IPUMEHOM
WHAYKTUBHO CIPErHyTe Ma3Me ca MaceHom crnekrpomerpujom (ICP-MS). Hajsuwe Bpen-
HOCTH ITPOLIeHTa NMPHUHOCA, JodujeHe 3a peanHe y3opke, 3a Cr, Cu, Ni, Pb u Zn, usHocusne cy
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77,25, 95,1, 84,82, 94,92 u 98,39 %, ca xenmupajyhum areHCOM, CyOKpUTHYHOM €KCTPAKLIHUjOM
BOJIOM.
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Abstract: Caffeic acid (CA) could be considered as an important natural anti-
oxidant. However, the low solubility and stability of CA in various solvent
systems is a mgjor limiting factor governing its overall application in the lipid
industry. However, the synthesis of methyl caffeate (MC) using CA and metha
nol is a feasible way to improve its lipophilicity. Herein, the reaction condi-
tions and kinetic parameters for the synthesis of MC using p-toluenesulfonic
acid (PTSA) as a catalyst were investigated, and the product was confirmed by
liquid chromatography—mass spectrometry (LC-MS), Fourier transform infra-
red (FTIR) and nuclear magnetic resonance (NMR) spectroscopy, and melting
point analysis. The highest yield of MC catalyzed by PTSA attained 84.0 %
under the optimum conditions as follows: molar ratio of methanol to CA of
20:1, reaction temperature of 65 °C, mass ratio of catalyst to substrate of 8 %,
and a reaction time of 4 h. The esterification kinetics of CA and methanol is
described by the pseudo-homogeneous second order reversible model. The
relationship between temperature and the forward rate constant gives the
activation energy of 17.5 kJ mol-L. These results indicated that PTSA possesses
high catalytic activity in the synthesis of MC, which is an efficient catalyst
suitable for MC production in the chemical industry.

Keywords: caffeic acid; catalysis; esterification; kinetics; methyl caffeate;
p-toluenesulfonic acid.

INTRODUCTION

Caffeic acid (CA) is one of the most widely distributed hydroxycinnamate
and phenylpropanoid metabolites in plant tissues and agricultural wastes.1.2
Recently, CA, as a natural antioxidant, has received increasing attention with
regard to its applications in the food, health, cosmetic and pharmaceutical indus-
tries because of its numerous biologica activities, such as anti-mutagenic, anti-
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proliferative and anti-oxidant activities.>> However, CA exhibits low solubility
and stability in various solvent systems, thus it is necessary to enhance its prac-
tical applicability by improving its solubility.6 The strategy of esterification of
hydrophilic CA with lipophilic molecules, such as aliphatic alcohols, could be
employed to alter its solubility in hydrophobic media.”™® In addition, the syn-
thesis of alkyl esters can significantly improve their function.10.11 For example, it
was found that alkyl esters of CA have a higher antioxidant activity and lipophi-
licity than CA to protect neuronal PC12 cells against oxidative stress.12 There-
fore, it is advantageous to synthesize alkyl esters of caffeic acid based on both
their biological function and potential application.

The classical methods for the esterification of CA, such as Fischer esteri-
fication, Wittig and one-pot reactions,13-15 require tedious operations and gene-
rate by-products. Nowadays, a simple reactive approach appeared, i.e., the direct
esterification of CA with alcohols. Shin et. al. described an esterification of CA
in the presence of methanol and sulfuric acid to prepare methyl caffeate (MC). In
the reaction, the reaction time was 10 h and the yield achieved was up to 71 %.13
Sulfuric acid has been widely used as an acid catalyst in alarge variety of indus-
trial chemical processes. However, sulfuric acid generally shows weak catalytic
activity and requires high reaction temperatures and long reaction time.16 In
addition, the use of sulfuric acid is hazardous and requires special energy-inef-
ficient processes for the treatment of the waste acid.l” Thus, there is an urgent
necessity to find a valid and simple catalyst and esterification system for the
efficient synthesis of MC.

Recently, it was shown that p-toluenesulfonic acid (PTSA) has the potential
to be used as a substitute for conventional acidic catalytic materials.18 It is cha-
racterized by the mildness of the reaction conditions, inexpensive chemica and
the excellent functional group tolerance, alowing the formation of the corres-
ponding esters in good to excellent yields.19 For instance, Jagdale et al. per-
formed hydroarylation of cinnamic acids with anisoles and phenols mediated by
PTSA under metal and solvent-free conditions, affording 3-(4-methoxyphenyl)-
-3-phenylpropanoic acids and dihydrocoumarins, respectively, in high yields with
excellent sdectivity.20 Therefore, the use of PTSA as a catalyst is potentialy attrac-
tive for the synthesis of MC.21 However, a major concern of this system is its
sensitivity and instability, because the esters of CA are readily oxidized.2 More-
over, nowadays, the pseudo-homogeneous model of esterification is a competent
kinetic model for predicting an esterification system, taking into account that it is
aless complex model 2223 Hence, it is necessary to study the reaction conditions
and kinetic parameters for an efficient synthesis of MC catalyzed by PTSA.

In the present study, using PTSA as the catalyst, the factors that strongly
affect the yield of MC (namely, the reaction temperature, catalyst loading, the
mole ratio of methanol to CA, and the ratio of molecular sieve to methanol) were
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explored and the corresponding esterification kinetic parameters of CA with me-
thanol were obtained by the pseudo-homogeneous model. Liquid chromategra-
phy—mass spectrometry (LC-MS), Fourier transform infrared (FTIR) and nuclear
magnetic resonance (NMR) spectroscopy, and melting point analysis were used
to identify MC in the synthesis product.

EXPERIMENTAL
Materials and reagent

CA (purity > 98 %) was purchased from Nanjing Zelang Pharmaceutical Sci. & Tech.
Co. Ltd. (Nanjing, Chind). Methanol (HPLC grade) and PTSA were purchased from Sino-
pharm Chemical Reagent Co. Ltd. (Shanghai, China). All other employed solvents and
reagents were of analytical grade. Water was purified using an Elga Purelab Option-Q purify-
cation system (Elga Labwater, High Wycombe, Bucks, UK) and had a resistance greater than
18.0 MQ cm.

General procedure for MC synthesis

The MC synthesis was performed in 5 mL screw-capped vias containing CA and metha-
nol. The substrate was weighed accurately and the reaction was realized by the addition of
PTSA. The reactions were generally performed under the following condition: 1 mM of CA,
20 mM of methanol, 2 % molecular sieves and 6 % PTSA were mixed and reacted at 60 °C
under stirring (120 rpm). About 20 pL aliquots of the well-stirred reaction mixture were
withdrawn at intervals for analysis.

Kinetics experimental procedure

CA and PTSA were charged into 5 mL screw-capped vials, and then methanol was
added. This was taken as zero time for arun. The initial mole ratio of CA and methanol was
1:20, and the total volume of the reactant was 0.8 mL. About 20 pL of liquid sample was
withdrawn from the vials at regular intervals for high performance liquid chromatography
(HPLC) analysis. In atypical run, about 10 samples were taken from the system. The sample
injection volume for the HPLC analysis was 20 L. All samples were determined in triplicate.

The CA conversion and MC yield were calculated as follows:
Consumptive amount of CA, mol

Initial amount of CA, mol

Amount of methyl caffeate, mol
Initial amount of caffeic acid, mol

CA Conversion, %= %100 D

MC yield, %= 100 @)

LC-MSand HPLC analysis

LC-PAD-MS was redized on a Thermo Fisher LC-MS system. The LC equipment com-
prised a Finnigan MAT Spectra System P4000 pump, an autosampler with 50 pL loop, a
UV6000LP diode array detector, and a Finnigan AQA mass spectrometer. The LC separation
was accomplished on a Kromasil C;g column (150 mmx4.6 mm, i.d.; 5 um, W. R. Grace &
Co., Deerfield, Illinois, USA) at 40 °C. The mobile phase consisted of solvent A (methanol)
and solvent B (water). The samples were eluted isocratically using a 65:35 volume ratio of
methanol and water at a flow rate of 1 mL minl. The wavelength range of the detection was
from 200 to 400 nm. The electrospray ionization (ESI) was performed using nitrogen at aflow
rate of 1.0 mL min-1 to assist nebulization. Selected ion monitoring (SIM) was in the negative
ion mode. A capillary voltage at 1.6 kV was used and the temperature of the curved desol-
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vation line (CDL) and heat block were both set at 200 °C. The data were processed using
Xcalibur 1.2 software.

LC-UV was performed using an LB-5 pump (Beijing Satellite Manufactory, Beijing,
China) with a UV detector (L-7420, Techcomp Co. Ltd., Shanghai, China) and N-2000 work-
station (Hangzhou Mingtong S& T, Hangzhou, China). The reaction samples were analyzed on
a Cyg column (250 mmx4.6 mm, i.d.; 5 um, W. R. Grace & Co., Deerfield, Illinois, USA)
maintained at 30 °C. The mobile phase consisted of methanol and water (65:35 volume ratio)
at aflow rate of 1.0 mL min'l, and the detection wavelength was 325 nm.

FTIR, NMR and melting point analysis of MC

MC was prepared from CA as follows: a solution of CA (9 g) in methanol (100 mL) was
treated with a catalytic amount of PTSA and heated at reflux for 6 h. The reaction mixture was
cooled to room temperature and concentrated. The residue was dissolved in ethyl acetate and
washed successively with dilute saturated agueous NaHCO; solution, saturated agueous NaCl,
dried over MgSQ,, filtered and evaporated. The residue was crystallized from methanol to
give a pure sample (yield 6.3 g, 70 %) as a white solid, and then was identified as MC by
FTIR and NMR spectroscopy and melting point determination. Before testing, the sample was
dried at 100 °C for 5 h in an oven, and then sealed in plastic bags. A sample was ground into a
fine powder using an agate mortar immediately prior to analysis. The FTIR analysis was
performed at room temperature on a Nicolet 560 instrument using the KBr disc technique. The
IH-NMR spectra were recorded on Bruker Advance Spectrospin 400 MHz using TMS as the
internal standard. The melting point analysis was performed using an Optimelt MPA100
instrument.

RESULTSAND DISCUSSION
LC-MSanalysis of the reaction product of CA and methanol

Based on preliminary results, CA had been completely converted to MC
after the esterification reaction of CA and methanol catalyzed by PTSA had pro-
ceeded for 5 h. The high catalytic efficiency of PTSA was proved via LC-MSin
the present work. The LC-UV and TIC chromatograms of the reaction mixture
from reaction of CA and methanol catalyzed by the PTSA are shown in Figs. 1A
and 1B, respectively, which indicated that 84.0 % of the CA was effectively
transformed to MC in the presence of methanol. The ESI-M S spectra of the reac-
tion mixture are presented in Figs. 1C and 1D, which exhibit two intense peaks at
m/z 179.01 and 193.07, corresponding to the deprotonated ion [M—H]~ of CA and
MC, respectively.24 These results indicated that no side-products were formed
during the whole reaction process catalyzed by the PTSA.

FTIR, NMR and melting point analysis

That MC was obtained in the studied reaction was confirmed by FTIR and
NMR spectroscopy, and melting point analysis.

M.p.: 159-160 °C. FTIR (KBr, cm1): 3477, 3099, 2925, 1677, 1606, 1536;
IH-NMR (400 MHz, DMSO-dg, § / ppm): 9.60 (1H, s, OH), 9.16 (1H, s, OH),
7.50 (1H, d, J= 15.9 Hz, a-H), 7.07 (1H, d, J = 2.0 Hz, Ph—H), 7.01 (1H, dd, J =
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= 8.1 Hz, Ph—H), 6.77 (1H, d, J = 8.1 Hz, Ph—H), 6.28 (1H, d, J = 15.9 Hz, -H),
3.69 (3H, s, CH2).
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Fig. 1. Analysis of the reaction mixture after CA esterification with methanol catalyzed by
PTSA: A) LC-UV chromatogram, B) TIC chromatogram, C) mass spectrogram, m/z ratio
179.01, and D) mass spectrogram myz ratio 193.07.
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Effect of mole ratio of methanol to CA on the yield of MC

The esterification reaction between CA and methanol follows a reversible
path. A higher equilibrium conversion can only be obtained if the backward
reaction is minimized. There are two ways to reduce the rate of backward reac-
tion: @) to remove one of the undesired products, i.e., water in the present case,
continuously or b) to use one of the reactants in excess (methanol in this case).2>
In the present system, it was not easy to remove water, as the employed system
was a closed system. Thus, the option of using excess methanol was employed in
the present study. The change of the MC yield with the mole ratio of methanol to
CA is shown in Fig. 2A. The MC yield increased from 25.8 % to 71.7 % on
increasing the mole ratio of methanol to CA from 5:1 to 20:1. According to the
Le Chatelier principle, the excess methanol was used to shift the equilibrium of
the reversible reaction toward the direction of ester formation,26 while any fur-
ther increase exhibited an inhibitory effect on the production of MC. At a mole
ratio of 50:1, the yield of MC was significantly lower because the use of too high
amount of methanol could increase the water content, which arises from com-
mercial methanol .27 Therefore, the optimal mole ratio of methanol to CA for MC
production was suggested to be 20:1.

Effect of reaction temperature on the yield of MC

The reaction temperature is one of the most important parameter affecting
the MC yield during the esterification process. Six different temperatures were
selected in the range of 45-70 °C. The MC yield markedly increased from 48.9
% to 78.9 % on increasing the temperature from 45 to 65 °C (see Fig. 2B).
Obviously, a higher temperature results in an increase in the reaction rate and the
equilibrium constant for an endothermic reaction.1” With a further increase to 70
°C, thefinal yield of MC decreased to 65.4 %. These results indicated that higher
temperatures could activate the substrate molecules, reduce the viscosity of the
reaction mixture and lead to a higher reaction rate. However, too high atempera-
ture leads to methanol volatilization.28 Therefore, a temperature of 65 °C was
retained in the subsequent optimization experiments.

Effect of catalyst loading on the yield of MC

To study the effect of catalyst loading on the yield of methyl ester, the reac-
tion was performed at seven different mass ratios of catalyst to substrate (1, 2, 4,
6, 8 and 10 %), the other reaction conditions being kept constant. The results are
shown in Fig. 2C, which indicates that there was a significant increase in the
yield of MC as the mass ratio of catalyst to substrate increased from 0 % to 8 %,
under identical conditions. The amount of PTSA influences the reaction rate because
more H* become available when the amount of catalyst in the mixture in-
creases.29 Unexpectedly, when the mass ratio of catalyst to substrate was in-
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Fig. 2. The effects on the yield of MC of A) the mole ratio of methanol to CA (5:1 to 100:1) at
amass ratio of catalyst to substrate of 6 % and atemperature of 60 °C, B) reaction
temperature, C) catalyst loading and D) massratio of molecular sieve to methanol, on the
yield of MC catalyzed by PTSA. Reaction conditions: B) mole ratio of methanol to CA of
20:1 and amassratio of catalyst to substrate of 5 %, C) the catalyst loading (0 to 10 %) at a
mole ratio of methanol to CA 20:1 and atemperature of 65 °C and D) the mass ratio of
molecular sieve to methanol (0 to 15 %) at amolar ratio of methanol to CA of 20:1, amass
ratio of catalyst to substrate of 8 % and temperature of 65 °C.

creased to 10 %, the yield of MC decreased. Similar results were reported for the
synthesis of functionalized pyrimido[4,5-b]quinolines and indeno-fused pyrido-
[2,3-d]pyrimidines in water catalyzed by PTSA.30 Therefore, the optimum mass
ratio of catalyst to substrate for MC synthesis was 8 %.

Effect of massratio of molecular sieve to substrate on the yield of MC

Water is the second product during the esterification of CA with methanol.
Thus, the water content is another important parameter in esterification reactions.
Kumar et. al. reported that addition of molecular sieves or silica usually improves
the equilibrium conversion.16 To study the effect of the reaction water on the
reaction rate, 0-15 % 3 A molecular sieves were added to remove the water. Fig.
2D showed that the yield of MC decreased with increasing ratio of molecular
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sieve to methanol. This is because PTSA has strong acidic properties and could
corrode the molecular sieves in some way. Kuwabara et. al. also reported that
molecular sieves in many cases had negative effects, such as the formation of di-
esters and degradation of unstable substances.31 Therefore, the employment of
molecular sievesto remove the formed water is not suitable here.

Kinetics of the esterification of CA with methanol in the presence of PTSA

The effect of the reaction time on the esterification of CA with methanol
catalyzed by PTSA at different temperaturesis shown in Fig. 3A. With increasing
time, the conversion of CA increased rapidly, which reflects the synthesis ability
and stability of MC in the PTSA-catalyzed reaction system. After an esterifica-
tion time of 4 h, the conversion of CA reached a stable value. Therefore, the
optimal reaction time was 4 h. The highest yield of MC was 84.0 % under the
optimum conditions as follows. mole ratio of methanol to CA of 20:1, reaction
temperature of 65 °C, reaction time of 4 h, and mass ratio of catalyst to substrate
of 8 %.

100 -
A —o—50°C
—0—60°C
go] ——63°¢C Y
ES /A,_,/O/‘O
o
-% 604
5 )
> J
=]
Q
S 404
O
20
0 T T T T T
0 1 2 3 4 5
t /h
B 20-
50° C R=0.9788
o 60°C R=09893
=, 5 65°C R=0.9826
Fo=18
- 9 A
2z ‘
§ X 1.0
= 7 —
S =
D zl o
i‘ o= 0.5
SRR
= 8
= Q 8 . .
Fig. 3. Second order reversible
0.0 -~~~ modd for the calculation of the
0 1 2 3 4 reaction rate constants at different
r/h reaction temperatures.

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

Copyright (C)2013 SCS




ESTERIFICATION KINETICS OF CAFFEICACID 1031

The pseudo-homogeneous model does not take into account the sorption
effect into the catalyst in a reactant medium.32:33 If the reaction mixture is con-
sidered as a single liquid phase, the performance of the pseudo-homogeneous
model could be considered as a satisfactory tool to correlate the esterification of
CA with methanol in the presence of PTSA as acatalyst.

The esterification of CA with methanol using PTSA as a catalyst is repre-
sented as follows:

ki
A+BkﬁlE+W ©)
1

where A is CA, B is methanol, E is MC and W is water. This reaction can be
considered a second order reaction. Therefore, the rate equation can be written as
follows;

dc
A = d—f‘: kKicaCp — K_1CECw (4)

where cp, cg, Ce and oy are the concentrations of CA, methanol, MC and water,
respectively. kj isthe forward rate constant and k1 is the backward rate constant.
From the relationship of ca and the extent of conversion of CA, Xa:

dca _ dxa
ot A%ar
aswell asthe correlations of the changesin B, E and W to A:
Ca = Cao(l—Xa)
cg = Cgo(M —Xa)
and
CE = Cw = CAOXA
where cpq is the initial concentration of CA, cgg is the initia concentration of

methanol and M is the concentration ratio of methanol to CA (M = cgg/cag)-
Thus, Eqg. (4) becomes:
dx
— = Caolki (1= Xa)(M = xa) —k ] (5)

At equilibrium, dca/dt = 0 and thus, the equilibrium constant (Kg) can be
calculated from:

- kl _ X%\e (6)
K1 (I-Xae)(M —Xae)

Xae IS the conversion of CA at equilibrium stage, and K is the equilibrium cons-
tant.
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If Eq. (6) is integrated and rearranged, the following equation in its linear
form is obtained:

In{[zalXA_M _l_azj(_M —l+a H: apkiCa ot (7)

24Xy —M -1+ ap )\ - M —-1-a

{r-4)
e

a =[(M +1)% — 4aM ]ﬂz

where:

The results of plotting the left-hand-side of Eq. (7) vs. t are presented in Fig.
3B, from which it can be seen that straight lines passing through the origin were
obtained. All straight lines gave a good linear correlation lying in the R2 range of
0.979-0.989. This clearly shows that the proposed kinetic model is appropriate
for this reaction. The forward reaction rate constant, ki, was obtained from the
slope of the lines in Figure 3B at different temperatures. The backward rate cons-
tants k_; could be calculated using the correlation of the forward rate constant
and the equilibrium constant, as in Eg. (7). All forward and backward rate cons-
tants at the different reaction temperatures are given in Table |.

TABLE I. Estimated forward and backward rate constants (L mol-1 min1) at different reaction
temperatures

Run Reaction temperature, °C  Forward rate constant, k;  Backward rate constant, k.,
1 50 0.219 2.992
2 60 0.376 1.749
3 65 0.417 4.344

The dependence of the forward rate constant on the reaction temperature is
described by the Arrhenius Law, as given in Eg. (8):

k]_ = Ae~ E/RT (8)

where, Aisthe pre-exponential factor, E isthe activation energy, Ristheideagas
constant and T is the reaction temperature (K).

The Arrhenius-Van't Hoff plot of the forward rate constant in the tempera-
ture range 50-65 °C gives the coefficient of linearity of 0.940. The slope could
be applied to calculate the activation energy. The activation energy is 17.5 kJ mol—1,
which confirms that PTSA possesses a high catalytic activity in the synthesis of MC.

CONCLUSIONS

The reaction conditions and kinetic parameters for the efficient synthesis of
MC by esterification of CA by methanol using PTSA as a catayst were first
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investigated. The results indicated that the highest attained yield of MC was 84.0
% under the optimum conditions, i.e., reaction time of 4 h, reaction temperature
of 65 °C, mole ratio of methanol to CA of 20:1, and mass ratio of catayst to
substrate of 8 %. A pseudo-homogeneous second order reversible model was
demonstrated to justify the experimental data. The model provided good agree-
ment with the experimental kinetic results. The activation energy of the reaction
was 17.5 kJ mol—L, which indicates that PTSA possesses high catalytic activity in
the synthesis of MC.
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H3BOI

HCIINTHUBAILE PEAKIOUUJE ECTEPUOHUKALIMIJE KO®GEMHCKE KHCEJIMHE CA
METAHOJIOM V¥ ITIPUCYCTBY p-TOJIYEHCYJI®OHCKE KHMCEJIMHE KAO
KATAJIU3ATOPA

JUN WANG', SHUANGSHUANG GU", NA PANG', FANGQIN WANG' u FUAN WU"?
1School of Biology and Chemical Engineering, Jiangsu University of Science and Technology,

Zhenjiang 212018, P.R. China u “Sericultural Research Institute, Chinese Academy
of Agricultural Sciences, Zhenjiang 212018, P.R. China

Kodeunncka xucennna (KK) mpencrasma BakaH NMPUPOSHM aHTHOKcumaHT. Crnaba pac-
TBOP/BUBOCT U cTabWinHOCT KK y pasnuyuTvM pacTBapauMMa NpefAcTaB/ba IJIaBHU OrpaHH4a-
Bajyhu gaxrop cBeykymnHe mpuMeHe y UHOYCTPHjU nunuzga. 300T Tora cUHTe3a MeTui-kode-
ara (MK) u3 KK u meTaHona npencraBba MOryhu HauMH Ja ce M0odosblla JTUNOQUIHOCT. Y
OKBUPY paja, NpBO Cy UCIIUTAaHU PEaKLMOHH YCIOBH U KMHETHYKH NapaMeTpu cuHTese MK
kopucrehu p-ronyencyndoncky xucenuny (PTSA) xao xaTanu3aTop. Y 0BOM papgy Cy NpBO
WCNHATHBAHU PEAKIIMOHH YCJIOBU M KHHETHUKM IlapaMeTpu npu cuHTe3u MK u 3a unentudu-
Kauujy npoussofa cy kopuirheHe metone LC-MS, FTIR, NMR u ananu3a Tauke TOIUbEHA.
Hajsehu ocrBapenu npuHoc MK y npucyctsy PTSA je 6uo 84 %, a onTUManHu peaklHOHU
yciioBH cy dunu: mosncku ogHoc meTtaHon: KK 20:1, peakunoHa temneparypa 65°C, maceHH
OIHOC KaTaJu3artop : cyncrpar 8 %, U peakuuoHo BpeMe 4 h. Peaknuja ecrepuduxanuje KK
METaHOJIOM j€ ONHCaHa PEBUP3UOMIIHUM MOZEIOM IICEyNO-XOMOTeHor npyror pema. Ha
OCHOBY 3aBHUCHOCTH KOHCTaHTe Ky OJ TemIiepaType akTHWBalMOHa eHepruja usHocu 17,5 kJ
mol . Pesynratu nokasyjy ma PTSA mocefyje KaTaqMTHYKy aKTMBHOCT y CHHTe3n MK, kao
Ia je edprkacaH KaTaau3aTop MOTojaH 3a cuHTe3y MK y XeMHjCcKkoj HHIYCTPHjU.

(ITpumsbeHO 2. aBrycTa, peBUaupaHo 24. centemdpa 2012)
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Abstract: It is well known that during biodegradation of oil under natural
geological conditions, or oil pollutants in the environment, degradation of
hydrocarbons occurs according to a well-defined sequence. For example, the
major changes during the degradation process of n-alkanes occur in the second,
slight and third, moderate level (on the biodegradation scale from 1 to 10).
According to previous research, in the fourth, heavy level, when intensive
changes of phenanthrene and its methyl isomers begin, n-alkanes have already
been completely removed. In this paper, the ex situ natural bioremediation
(non-stimulated bioremediation, without addition of biomass, nutrient sub-
stances and biosurfactant) of soil contaminated with heavy residual fuel oil
(mazut) was conducted during a period of 6 months. Low abundance of
n-alkanes in the fraction of total saturated hydrocarbons in the initia sample
(identification was possible only after concentration by the urea adduction
technique) showed that the investigated oil pollutant was at the boundary
between the third and the fourth biodegradation level. During the experiment,
an intense degradation of phenanthrene and its methyl-, dimethyl- and tri-
methyl-isomers was not accompanied by the removal of the remaining n-aka-
nes. The abundance of n-alkanes remained at the initial low level, even at end
of the experiment when the pollutant reached one of the highest biodegradation
levels. These results showed that the non-stimulated biodegradation of some
hydrocarbons, despite their high biodegradability, had not proceeded comple-
tely to the end, even at final degradation stages. Under the condition of reduced
availability of some hydrocarbons, microorganisms tend to opt for the less
biodegradable but more accessible hydrocarbons.

* Corresponding author. E-mail: bjovanci @chem.bg.ac.rs
# Serbian Chemical Society member.
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Keywords.: ex situ bioremediation; soil; heavy residua fuel oil; n-alkanes;
degradability.

INTRODUCTION

Biodegradation and the removal of oil-type pollutants (crude oil and refinery
products of petroleum refining) from the environment are difficult to be clas-
sified in one category. Qil is a very complex mixture of hydrocarbons, but also
nitrogen, sulfur and oxygen compounds (NSO). Each class of compounds, and
often individual compounds as well, require specia study aimed at defining the
type of microorganisms and optimal conditions for microbial degradation.1.2

Knowledge about the rate of microbial degradation of individual organic
compounds in ail is mostly based on organic geochemical research. As early as
1984, Volkman et al. classified oils into 9 groups according to their degree of
biodegradation.3 Biodegradation begins with the degradation of lower n-alkanes
(< n-C15), while maximum degraded oils, with completely degraded steranes and
dominated by diasteranes and demethylated hopanes, belong to the ninth group.
In their research, these authors interpreted biodegradation of oil mainly through
the biodegradation of n-alkanes, isoprenoid alkanes and polycyclic alkanes.

In 2003, Head et al. completed the classification of oils according to the
biodegradation level, comparing the degradability of a larger number of classes
of organic compounds.# First, they included mono- and tri-aromatic steroids as
well as phenanthrene with its methyl isomers. According to these authors as well,
biodegradation of n-alkanes starts on the first level. Only in the last phases, do
the degradation of mono- and tri-aromatic steroids, gammacerane, oleanane, Coq
and Cy, steranes, tricyclic terpanes, diasteranes, diahopanes and norhopanes
begin. Among these compounds, only C»1 and Cy, steranes and tricyclic terpanes
can be removed completely.

For the degradation of some compounds, microorganisms and conditions for
degradation are unknown, and these compounds are considered non-biodegrad-
able. Thisis especially true for compounds in the fraction of NSO-compounds.®

In this study, ex situ natural microbial degradation of soil contaminated with
heavy residual fuel oil (mazut) was conducted during a period of 6 months. The
fate of the n-alkanes in the pollutant was monitored. Namely, the main transfor-
mations during the degradation process of n-alkanes, which are the dominant
hydrocarbons in most oils and oil-type pollutants, occur during the second, slight
and the third, moderate level (on the biodegradation scale from 1 to 10).4
According to previous research, in the fourth, heavy level, when intensive
changes of phenanthrene and its methyl isomers begin, the n-alkanes had already
been completely removed. However, in the samples investigated in the present
study, at the very beginning of the biodegradation experiment, n-alkanes within
the fraction of saturated hydrocarbons were present in amount close to the detec-
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tion limit. The question arose as to what their fate would be in case of their mini-
mum availability to the microorganisms.

EXPERIMENTAL

The ex situ natural biodegradation (non-stimulated bioremediation, without addition of
biomass, nutrient substances and biosurfactant) of a soil contaminated with heavy residual
fuel il (mazut) was conducted. The crude oil-polluted soil was excavated contaminated soil
from an energy power plant that, due to a breakdown, had been polluted for a year with heavy
fuel oil and sediment from a heavy oil reservoir.

The crude oil-polluted soil (approximately 150 t; 210 m3) was uniformly distributed over
300 m3 of not rinsed sand from the Sava River (settlement Ostruznica, Serbia). Sawdust from
poplar, beech and oak (approx. 60 m3) was added in order to not only increase the retention
water capacity, but also as an aternative, additional carbon (C) substrate. The entire material
(volume of approx. 600 m3), defined as the substrate for biodegradation, was homogenized,
and then formed into a biopile shape with dimensions of 75 mx20 mx0.4 m (length, width,
height), with bulldozers. Immediately after mixing, approximately 10 m? of the biopile mix-
ture was set aside on the same waterproof asphalt surface to be used as a substrate for
monitoring the natural biodegradation. The experiment was conducted in autumn and winter
with average daily temperatures ranging from 25 to —10 °C. However, due to the intensive
microbiological activity, the temperature of the soil was stable, above 25 °C. After mixing, the
biopile was covered with polyethylene foil to prevent loss of temperature and the direct
influence of the weather conditions on the bioremediation substrate.

From the polluted soil, a consortium of hydrocarbon degrading microorganisms was
isolated and individual components were identified. Analytical Profile Index (API-Biome-
rieux) tests were conducted with isolated cultures of the microorganisms and the following
were identified: Pseudomonas aeruginosa, Rhodococcus sp., Pseudomonas sp., Pseudomonas
fluorescens, Sphingomonas paucimobilis, Pseudomonas luteola, Achromobacter denitrificans,
Senotrophomonas maltophilia and Aeromonas hydrophila. The number of microorganisms
was determined by plating appropriate serial dilutions on agar plates incubated at 28 °C. The
media used were nutrient agar for total chemoorganoheterotrophs (TC) and a mineral base
medium® containing 2 g of standard D2 diesel fuel in 1 L of medium’ for hydrocarbon
degraders (HD). The results are presented in Table |. More detailed characteristics of the
investigated mazut-polluted soil were presented in a previous paper.8

TABLE I. Content of microorganisms (CFU g1) in the investigated oil-polluted sample; TC —
total chemoorganoheterotrophs, HD — hydrocarbon degraders; CFU — colony-forming unit

Specimen Polluted soil Substrate for biodegradation
TC 1.2x10° 9.7x10°
HD 2.7x10° 5.6x10%

During six-month time interval, samples were taken five times (07/09/2009 — P1;
06/10/2009 — P2; 09/11/2009 — P3, 12/01/2010 — P4 and 18/03/2010 — P5).

The organic substance from the 5 soil samples was extracted with chloroform (HPLC
grade, J. T., USA) using a Soxhlet apparatus.

From these extracts, the hydrocarbons (saturated and aromatic) were isolated by column
chromatography: the extracts were saponified with a 5 % solution of KOH in methanol and
after standing overnight, neutralized with 10 % hydrochloric acid. The products were dis-
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solved in a mixture of dichloromethane (containing 1 % methanol) and hexane (1:40), and
separated by column chromatography on alumina and silica gel. The hydrocarbon fractions
were eluted with hexane (saturated hydrocarbons) followed by dichloromethane (aromatic
hydrocarbons). A detailed description of the analytical procedure was discussed in previous
papers.2:10

Hydrocarbons were analyzed by the gas chromatography—mass spectrometry (GC-MYS)
techniques. An Agilent 7890N gas chromatograph fitted with a HP5-M S capillary column (30
mmx0.25 mm, 0.25 um film; temperature program: 80 °C for 0 min; then 2 °C min® to 300
°C and held for 20 min) with helium as the carrier gas (flow rate 1 cm® min'l) was used.
Detailed analyses of the target compounds were conducted in the single ion monitoring mode
(SIM), comprising the following ion chromatograms: 178 (phenanthrene), 192 (methyl-phe-
nanthrenes), 206 (dimethyl-phenanthrenes) and 220 (trimethyl-phenanthrenes). A detailed
description of the instrumental techniques was discussed in a previous paper.11

The saturated hydrocarbon mixture was separated into n-alkane and branched and cyclic
alkane fractions by urea adduction.? The n-alkanes in the urea adducts were analyzed by gas
chromatography (GC). The gas chromatographic analyses were conducted on a GC8000
instrument (Fisons Instruments, Italy) equipped with a 30 mx0.25 mm i.d.x0.25 pm film ZB1
fused silica capillary column (Phenomenex, Germany). The chromatographic conditions were
as follows: 1 ul split/splitless injection at 80 °C oven temperature (injector temperature 270
°C, splitless time 60 s), 3 min hold, then programmed at 5 °C min'! to 300 °C. The carrier gas
was hydrogen at a velocity of 40 cm s1.

RESULTS AND DISCUSSION

Total ion chromatograms (TICs) of saturated hydrocarbon fractions isolated
from the ail pollutant at the beginning of the biodegradation (P1) and after 6
months (P5), at the end of the experiment, are shown in Fig. 1. In similar
samples, P1 and P5, the peaks originating from n-alkanes were of very low
intensity. Based on these chromatograms, a precise conclusion about the extent
of microbial degradation of the investigated oil pollutant could not be made.

Mass fragmentograms of phenanthrene, methyl-, dimethyl- and trimethyl-
-phenanthrenes obtained by GC-MS analysis of aromatic fractions isolated from
extracts of samples P1-P5 are shown in Fig. 2. In the initial sample (P1), the
distributions of these aromatic hydrocarbons were typical for oil. Considering the
fact that most of n-alkanes in the initial sample have already been degraded (Fig.
1), and that phenanthrene and its methyl-isomers were still preserved, it could be
concluded that the investigated sample of oil pollutant was at the third, moderate
level of the Head scale of oil biodegradation at the beginning of the experiment.4

In the samples from P1 (the beginning of ex situ natural bioremediation, 7th
September 2009) to P5 (the end of the experiment, 18" March 2010), a gradual
degradation of phenanthrene and its methyl-, dimethyl- and trimethyl-isomers
was registered (Fig. 2). On the scale from 1 to 10 of the Head classification of
oils according to biodegradation level,4 sample P5 can be classified as > 6, the
severe level.
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Fig. 1. Total ion chromatograms (TICs) of the saturated hydrocarbon fractions isolated from
the ail pollutant. P1 (beginning of the experiment) and P5 (after the six-month
bioremediation).

Considering the fact that in the initia sample, the amount of n-alkanes
within the saturated hydrocarbons fraction was very low (Fig. 1), these com-
pounds were concentrated by urea adduction technique to facilitate their analysis.
Due to their ability to form channel inclusion compounds with urea molecules, n-
akanes can be successfully concentrated, i.e., separated from branched, cyclic
and polycyclic alkanes in amixture of saturated hydrocarbons.12

Parallel with the mass fragmentograms of phenanthrene and its methyl-iso-
mers, gas chromatograms of the urea adduct from samples P1-P5 are given in
Fig. 2. Although the amount of n-alkanes within the total mixture of saturated
hydrocarbons, both at the beginning and at the end of the experiment, was very
low (Fig. 1), they were successfully concentrated by the urea adduct technique.
Accordingly, in the gas chromatograms of all the investigated samples, a homo-
logous series of alkanes, ranging from C4g to C3; and maximizing at n-Cpg, was
identified. It is noticeable that the abundance and the distribution of the n-alkanes
during the biodegradation of the oil pollutant did not change. Considering the
fact that phenanthrene and its methyl-isomers, although less biodegradable com-
pounds, were efficiently degraded from samples P1 to P5, this observation was
surprising. According to the generally accepted principles of oil biodeg-
radation,3413 n-alkanes should have already been completely removed at the
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biodegradation level 4 and 5.4 Due to this, it could be stated that their appearance
in sample P5, which is obviously at a biodegradation level > 6, was unexpected.
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Fig. 2. Mass fragmentograms of phenanthrene (P), methyl-phenanthrenes (MP), dimethyl-
-phenanthrenes (DMP) and trimethyl-phenanthrenes (TMP), obtained by gas chromato-
graphy—mass spectrometry (GC-MS) analysis (using the Single lon Monitoring, SIM method)
of the aromatic fractions and the gas-chromatograms (GC) of the urea adducts of the saturated
fractions (n-alkanes), isolated from the oil-type pollutants taken from the soil during the six-

month biodegradation, P1-P5.
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n-Alkanes are significantly more biodegradable compounds than aromatic
hydrocarbons, including phenanthrene and its methyl-isomers. However, the
results obtained in this study undoubtedly show that under conditions of reduced
availability of a certain class of compounds, microorganisms opt for those that
are, athough less biodegradable, more accessible, i.e. those that are found in
higher amounts in a substrate. In this case, the reason for lower biodegradability
might be the smaller amounts of n-alkanes in the pollutant. On the other hand,
this observation could also be caused by their protection by incorporation, i.e.,
the formation of inclusions with non-biodegradable components, such as humic
substances or fulvic acids, present in recent sediments as native organic com-
pounds.

CONCLUSIONS

The ex situ natural biodegradation (non-stimulated bioremediation, without
the addition of biomass, nutrient substances and biosurfactant) of soil contami-
nated with heavy residual fuel oil (mazut) was conducted during a period of 6
months. The low abundance of n-alkanes in the total saturated hydrocarbons
fraction in the initial sample (identification was only possible after concentration
by the urea adduction technique) showed that the investigated oil pollutant was at
the boundary between the third and the fourth biodegradation level on the Head
biodegradation scale from 1 to 10.4 During this experiment, intensive degrada-
tion of phenanthrene and its methyl-, dimethyl- and trimethyl-isomers was not
accompanied by the complete remova of remaining n-akanes. Contrary to
expectations, the abundance of n-alkanes remained at the initial low level even at
the end of the experiment when the pollutant attained a degradation level > 6.

According to these results, it can be concluded that during biodegradation of
oil pollutant, under the condition of reduced availability of a certain class of com-
pounds (caused by their low amount), microorganisms opt for those which are
more accessible, i.e., those which are found in a substrate in higher amounts,
even if these compounds are |ess biodegradable.
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U3BOJ

OETPAOJABMIHOCT HOPMAJIHUX AJIKAHA 3A BPEME EX SITUTIPUPOIHE
BUOPEMEIWJAITUJE 3EMJBUIITA 3ATABEHOI MA3YTOM

MUFTAH MOHAMED ALI RAMADAN1, TATJAHA IIOJIEBUR KNUDSENZ, MAJIUIIA AHTI/I’Bs, BIIADVUMUP I1.
BEIIKOCKH "%, MUPOCJIAB M. BPBUR' %, JAN SCHWARZBAUER® 1 BPAHUMHP JOBAHYHREBUE "
¢ eMHjCKkH gakyaTeT, YHHBEPIHTET y beorpany, Crygentcku tpr 12—16, 11001 beorpaz, ZHEHTH[J 3a
xeMHjy, HHCTHTYT 3€ XeMH]y TEeXHOJIOTHJY H MeTanyprjy, Fberomesa 12, 11001 beorpaz,
3HOE0HPHBpEﬂHH @axynrer, Yaupepsurer y beorpagy, Hemamwunna 6, 11081 beorpan u 4Institute of
Geology and Geochemistry of Petroleum and Coal, Lochnerstrasse 4-20, 52056 Aachen, Germany

Iobpo je mo3Haro za ce y Toky duonmerpagauvje HadTe y TPUPOSHUM T'eOJIOMKUM YCII0-
BHUMa, Wi HadTHOT 3arahiBava y KUBOTHOj CpEIHHH, erpaialidja yI/bOBOLOHHUKA OOUTpaBa
npemMa peduHMcaHOM pacnopeny. Ha npumep, IiaBHE IPOMEHE Yy TPOLECY pasrpajme
HODMaJIHHX a/IkaHa fielllaBajy ce y TOKy Apyror, ,0maror”, u Tpeher, ,ymepeHor*, cTynma (Ha
ckanu Ouoperpapjauuje of 1 mo 10). IIpema fgocajalilbUM HCTPaKUBaBHMMA, Y YETBPTOM
CTYNBY, KaJa MOYHbY WHTEH3WBHE NMpoMeHe (peHaHTpeHa M HEeroBUX MEeTHI H3oMepa, HOp-
MaJIHM alkaHM cy Beh y MOTIYHOCTH YKIOKBeHHU. Y OBOM pafly Y TOKY IepHopa ol 6 mMecelu
W3BOheHa je ex situ mpupongHa duopemMenujauuja (HecTuMynucaHa duopemendjanuja 6e3 mo-
IaTka Ouomace, XpaH/BUBUX cacTojaka U duocypdakTaHaTa) 3eMJBbUILNTA 3aral)eHOT Ma3yTOM.
Hucka oOMIHOCT HOPMAJIHUX alKaHa y (pakUuju yKyNHUX 3acHMheHHX ajlKkaHa y IOYETHOM
y30pKy (MpeHTH(HKauHUja je Oma moryhHa Tek HaKOH KOHLIEHTpOBama nomohy kapdamuna)
nokasana je Jja je MCHUTHBAaHM HadTHU 3arahuBay Ha rpaHUud u3mehy Tpeher u yeTBpTOr
cTynwa duonerpagaudje. TOkoM ekcriepiMeHTa, HHTEH3UBHY pa3rpafmby GeHaHTPeHa U Hhero-
BUX METWJ, OUMETWI W TPUMETHUI U30Mepa HHUje NpaTWiIO yKlamame OCTaTka HOPMalIHHX
ankaHa. FbrxoBa OOMITHOCT je ocTana Ha MOYETHOM, HUCKOM HUBOY U Ha Kpajy eKCllepUMEHTa
Kaja je 3arahuBay JOCTHrao jenaH Of HajBULIMX CTeleHa Ovoperpajaudje. JodujeHu pesyn-
TaTH Cy MOKas3aly fa Ce pasrpajma MOjefUHUX YITbOBOJOHUKA YIIPKOC BUX0BOj BUCOKOj OHO-
IerpafaduHOCTH He OfurpaBa IO TOTIYHOTr Kpaja HU y 3aBpUIHUM ¢asama nerpajauuje. Y
YCIIOBUMa HUXOBE CMameHe JOCTYITHOCTH, MUKPOOPraHMU3MH Ce OIpefie/byjy 3a Texe Herpa-
nabuiHe, anu HOCTYTIHU]je YITbOBOLOHHUKE.

(ITpumsbeHo 29. aBrycra, peBunupano 9. okrodpa 2012)
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Abstract: This study was aimed at assessing the impact of urban agriculture on
physicochemical properties of the soil and the metal uptake by some leafy
vegetables cultivated in urban soils of Libreville, Gabon. Cultivated and
uncultivated topsoil and vegetable samples were collected from two urban
garden sites, and analyzed. The results showed that there was strong acidifi-
cation and a decrease in the concentrations of nutrients and metals in soils due
of agricultural practices. The metal transfer to plants was important, with the
exception of iron. The non-essential metals cadmium and lead were not detec-
table in the plant tissues. Amaranth accumulated more metals than other vege-
tables. Amaranth and Roselle were vegetables that preferentially concentrated
metals in their leaves and could, therefore, be used for metal supplementation
in the food chain.

Keywords: soil acidification; trace metals; leafy vegetables; bioconcentration
factor; translocation factor.

INTRODUCTION

Population growth forecasts for year 2030 indicate that the world population
will increase and reach 9 billion inhabitants. This growth will particularly occur
in the urban areas of developing countries, creating a situation of exploding ali-
mentary needs.! In response to this considerable challenge, urban agriculture,
which was almost insignificant thirty years ago, has developed in and around
cities and has reached a phase of rapid expansion in developing countries.
Therefore, it is important to assess the impact of this practice on urban soils and
the nutritional quality of cultivated vegetables. International trade regulatory
rules and guidelines are being developed in many countries across the world to

* Corresponding author. E-mail: laplus_ens@yahoo.fr
doi: 10.2298/J5C1209151160
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prevent, monitor and control soil pollution.23 For instance, the European Eco-
nomic Commission was asked to elaborate guidelines for member states and
competent regional authorities to revise the EU directive on sludge and elaborate
anew directive on composting. Although transfer of trace metals from the soil to
plants has often been mentioned,*° to date, only a few studies have been con-
ducted on thisissuein West and Central Africa.6-8

The mobility of metals in soils and their absorption and bioaccumulation in
vegetables depend on many factors, such as the climate, the bio-physicochemical
properties of the soils, the type of vegetable cultivated, etc.® In urban areas, the
proximity to roads and many factories can modify the physicochemical properties
of and metal speciation in soil.

The aim of this study was to assess the impact of agriculture on the pro-
perties of soils in Libreville and the transfer of metal elements from the soils to
vegetables.

MATERIAL AND METHODS

This study was conducted in two market gardening areas of Libreville between January
and March 2008. The city is situated in West Gabon (9°25' east longitude and 0°27’ north
latitude). The two study sites, Alibandeng and PK8, are located in the north and east of
Libreville, respectively. The climate type is equatoria. The annual rainfall varies from 1,600
to 1,800 mm. The average temperatures oscillate between 25 and 28 °C with minima (18 °C)
in July and maxima (35 °C) in April, with a humidity of 80 to 100 %.

The oldest sites of vegetable production around Libreville were selected (16 years old).
The first one, Alibandeng is located nearby the airport, and the other one, PK8 is beside the
National Road 1. Both are densely populated flat and swampy zones. The Alibandeng soil is
made of raw minerals of non-climate origin, formed on marine sands from the Quaternary era,
whereas the ferralitic soil of PK8 is strongly altered and desaturated.10

Three cultivated soil samples and three uncultivated soils samples in each area were
randomly collected with a stainless steel shovel. The samples were put in plastic bags imme-
diately and stored at —4 °C. They were air-dried, crushed in a mortar, sieved through a 100-
mesh sieve (2 mm), then crushed with a tungsten-carbide blade grinder and subsequently
sieved through a 0.2 mm titanium mesh. The soil properties were assessed according to
Association Francaise de Normalisation (AFNOR) protocols. 1! They included: particle size,
pH, total organic carbon (TOC), total Kjeldahl nitrogen (TKN), assimilatable phosphorus (P),
and cation exchange capacity (CEC). Considering, the average content of carbon in soil orga-
nic matter of 58 %, a conversion factor of 1.724 was used to calculate the percentage of orga-
nic matter (OM) from the content of organic carbon.1?

Plant samples were collected at maturation. They were washed with distilled water and
with de-ionized water to eliminate air-borne pollutants and soil particles, dried in air and then
at 70 °C until constant weight, finely ground (0.2 mm) and kept in plastic bags. Amaranth
(Amaranthus cruentus) and lettuce (Lactuca sativa) were collected at the Alibandeng site and
roselle (Hibiscus sabdariffa), amaranth, Chinese cabbage (Brassica chinensis) and lettuce at
the PK8 site.

The soil and plants samples were mineralized at 150 °C for 1 h in a microwave minera-
lizer using aqua regia (1/3 HNO5+2/3 HCI) and a mixture of nitric acid, hydrogen peroxide
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and ultra-pure water with a volume proportion ratio 2:1:1, respectively. The mineralization
products were filtered through a 0.45 pum mesh and the metals were analyzed by ICP-AES
(Spectra 2000 Jobin Yvon).

The mobile fraction of the metal in the soils was extracted with 0.05 M EDTA at pH=7
and analyzed by ICP-AES.13

The capacity of plants to uptake metals from soils can be assessed using the bioconcen-
tration factor (BCF), defined as:14

Metal concentration in dry plant (mg kg™)
Metal concentration in soil (mg kg™)

BCF = ®)

The transfer capacity of metal elements between the roots and aeria parts of a plant can
be defined by the translocation factor (TF) given by:15
Metal concentration in aerial part (mg kg™)
Metal concentration in roots (mg kg™)
Statistical tests were realized with the XLSTAT package under EXCEL. Similarity

between samples was verified with a one-way analysis of the variance (ANOVA). A 0.05 level
of probability was used for the statistical significance level.

RESULTS AND DISCUSSION

The physicochemical characteristics of the soil samples are presented in
Table I. The two control soils were neutral. Alibandeng soil is sandy with low
elevated organic matter (OM), nitrate test kit (NTK) and P levels. The water
retention capacity of this soil is lower than that of the PK8 soil, which is siltier
and exhibits more OM, NTK and P levels. Thus, the PK8 site seems more appro-
priate for agriculture than Alibandeng. In each site, the agricultural practices have
led to a significant soil acidification. The cultivated soils are more acidic, and
have higher levels of NTK, silt, OM, P and clay than the control soils. The ferti-
lizers used were urea, and nitrate, phosphate and potassium (NPK) salts. These
data agree with a comprehensive review of from 57 studies in Africa that showed
atrend of negative balances for nutrients due of agricultural practices.16

TF =

2

TABLE I. Physicochemical properties of soils of Alibandeng and PK8; numbers followed by
the same letter, a, b, ¢, d, e, f, g, h, i or j, in each row are not significantly different at p < 0.05
by the Student’s t-test

CEC  Sand Slt Clay OM NTK P

Soil pH meg/100 g gkg? mg kg1
Alibandeng  Control 6.9 2.8d 914¢ 53¢ 397 257¢ 0.80° 0.10°

Cultivated  4.3° 4.8¢ 9358 22b 35¢ 222¢ 0.66P° <0.05
PK8 Control 7.18 13.6° 5450 2782 178° 68.3¢ 3.07° 5.6°

Cultivated ~ 4.1° 7.5° 5870 268° 135° 29.8° 0.49° <0.05

In urban soils, trace metals such as cadmium, copper, manganese, lead and
zinc are good indicators of soil contamination arising from gasoline, vehicle
exhausts, car components, industrial emissions, etc.17:18 Pseudo-total and EDTA-
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extractable metal levels in the soils are presented (in mg kg1 of dry weight) in
Table II. They were higher in the PK8 soils than the Alibandeng soils and were
significantly decreased at Alibandeng for Pb and Zn (p < 0.001), and at PK8 for
Cu, Fe, Mn, Pb and Zn (p < 0.001). Metal levels in the cultivated soils were
lower than or in ranges of those found in other agricultural soils of West African
countries.”8 The soil acidity, as well as erosion and minera fertilizers (parti-
cularly urea) have a strong influence on the mobility of ions and their uptake by
plants, and decrease the soil metal concentrations.19.20

TABLE Il. Pseudo-total and mobile metals in soils of Alibandeng and PK8 (expressed in mg
kg-1 of dry weight); numbers followed by the same letter, a, b, ¢ or d, in each row are not
significantly different at p < 0.05 by the Student’s t-test

Alibandeng Cultivated

Metal Control PK8 . Cultivated PK8
control Alibandeng

Cu Pseudo-total 3.15°¢ 22.24° 2.72¢ 0.81P
Mobile 0.39¢ 2.032 0.06¢ 1.08b

Fe Pseudo-total 15011bc 448412 8856° 16332b
Mobile 25870 42258 208¢ 16460

Mn  Pseudo-tota 55.6° 448.42 39.6° 278.9°
Mobile 2.8° 30.5° 2.3b 22.92

Pb Pseudo-total 55.0 110.6° 7.3¢ 19.6°
Mobile 4.9b 11.78 0.3° 2.5b

Zn Pseudo-total 75.50 218.28 8.2¢ 25.4¢
Mobile 7.5° 21.32 0.4¢ 1.7%¢

The rate of element absorption by a plant depends on the cultivated plant, the
soil properties and the mobility of the metals in the soil.21 The results showed
that the mobile (or EDTA-extractable) metal levels in this study followed the
order Fe> Mn= Zn > Pb > Cu in the control soilsand Fe > Mn > Zn> Cu > Pb
in the cultivated soils. The mobile metal levels varied from 0.4 to 10.9 mg kg1
for Cu, from 31 to 361 mg kg2 for Fe, from 2.3 to 95.0 mg kg1 for Mn, up to
19.9 mg kgL for Pb and from 0.5 to 41.5 mg kgL for Zn. These values showed
an important mobile fraction of Cu (13.7-46.8 % of its pseudo-total concen-
tration in the soil), a moderate mobile fraction for Mn (3.9-30.3 %), Pb (3.6-19.2
% in the control soils), Zn (6.7-17.8 %) and a low value for Fe (0.2-2.5 %). It is
possible that the addition of EDTA to the soils increased the phytoavailability of
the metals by forming water-soluble chelate-metal complexes.2122 Cu, Pb and
Zn were more mobile in the control soils, and Fe and Mn were more mobile in
the cultivated soils than in the uncultivated soils. With the exception of Fe in the
cultivated soils, the metals were more mobile in the silty soils than in the sandy
soils. This result does not reflect the capacity of retention of metals, which is
more important in loamy soils than in sandy soils. Indeed, Zhang and Zhang
found that the contents of clay, organic carbon, total P, total Pb, total Cu and total
Zn in silty soils were higher than sandy soils.23
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The metal concentrations in the vegetables based on their dry weight are
given in Table Ill. The concentrations of Cd and Zn were below the detection
limits (0.30 and 2.36 mg kg1, respectively). Moreover, the Cd and Pb concen-
trations were low in the studied plants and these non-essential metals could not
contaminate the food chain. The concentrations of Cu, Fe, Mn and Zn in
vegetables ranged from 3.4 to 21.6 mg kg for Cu, 319 to 3.777 mg kg1 for Fe,
34 to 555 mg kgL for Mn and 29 to 176 mg kg for Zn. The differences in the
metal concentrations between the vegetables implied that the uptake capacity of
the metals depended on the vegetable and the soil. The highest concentrations
were found in the roots of lettuce from Alibandeng and the cabbage from PK8 for
Cu and Fe, respectively; in amaranth leaves from Alibandeng for Mn; in ama-
ranth leaves and roots from Alibandeng for Zn (Table I11). Zinc concentrations
were significantly higher in the vegetables from Alibandeng than those from PK8
were. These results confirmed the high uptake capacity of amaranth as was found
previously in other studies.1421 The capacity of amaranth to accumulate more
Mn and Zn than lettuce when grown on Alibandeng soil but not on PK8 soil
probably reflects differences in the inherent crop growth characteristics.” The
order of metal accumulation in the different parts of the plants depended on the
studied species. When the entire plant is considered, the metal concentrations
were Fe>Mn > Zn > Cu.

TABLE I1l. Meta levels in leaves, roots and entire plant cultivated at Alibandeng and PK8
(expressed in mg kg'? of dry weight); numbers followed by the same letter, a, b, ¢, d, e, f, g, h,
i orj, ineach row are not significantly different at p < 0.05 by the Student’s t-test

Sail Plant Part Cu Fe Mn Zn
Alibadeng L ettuce Leaves 8.64bcdef 707 4cde 170.7¢ 117.1P
Roots 21.56° 2229.1b 69.5N 122.1b
Entireplant ~ 11.47b 1034.8%d 149.4cd 118.6P
Amaranth Leaves 9.pgbede 318.5¢ 554,52 156.0°
Roots 10.83° 2108.6° 114.2¢ 175.7¢
Entireplant ~ 9.08bcdef 678.7% 370.1° 152.12
PK8 Lettuce L eaves 5.86/ah 478.6° 623" 45.0°
Roots 10.33bc 1867.8° 79.49h 49.4°
Entireplant ~ 6.58¢h 749.6¢0 63.6M] 44.4¢
Amaranth Leaves 11.46° 1044.1% 89.7fgh 49.3¢
Roots 9.01bcdef 2122 gb 77.490 42.9¢
Entireplant ~ 9.82bcd 1136.3 75.69h 45.2¢
Cabbage Leaves 3.42h 479.82 48.1i 28.7°
Roots 7.47¢defg 3776.9° 92.69h 42.9°
Entireplant ~ 4.26f9" 1206.2¢ 57.1hij 31.3¢
Sorrel Leaves 6.0019 705.9¢de 133.4de 30.8°
Roots 7.08defg 756.7¢de 34.2 30.0°

Entireplant  6.16/9" 679.5% 106.359 31L.7°
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A comparison between the determined metal concentrations based on plant
dry weight with those in the literature showed that the lowest Zn concentration in
vegetables from Alibandeng found in the present study was obviously higher
than those reported elsewhere.24-26 |n addition, the highest Mn concentration in
found in this study was higher than those reported el sewhere.2425 The amount of
Fein the leaves of vegetables of Libreville gardens was higher than the vegetable
Fe in other urban gardens in Africa2>26 However, the Cu concentration in the
leaves was within the ranges of Cu concentrations in Africaand China.?.24-26

Cu, Fe, Mn and Zn are essential metals and have known biological functions.
Zinc is well known to be essential for the somatic growth of children.2? It con-
stitutes about 33 mg kg1 of an adult body mass and it is essential as a constituent
of many enzymes involved in several physiological activities, such as protein
synthesis and energy metabolism.28 Manganese ions activate numerous enzymes
in plant cells. The most important role of this element in green plants is its
involvement in the process of decomposition of water molecules with the release
of oxygen. Copper is essentia for photosynthesis and mitochondrial respiration,
carbon and nitrogen metabolism, oxidative stress protection and is required for
cell wall synthesis. Iron is one of the key elements for normal enzyme functions,
especially those involved in redox processes, such as the synthesis of porphyrin,
reduction of nitrite and sulfate, and N»-fixation.29

The metal concentrations in plants depend mainly on their concentrations in
the soil on which they grew or were cultivated.29 Thus, it is important to assess
the transfer from soil to plant. The BCF and TF values for metal concentrations
in the entire plants are presented in Table 1V. The metal BCF values differed
between vegetable species and between sites for a same species. This indicates a
difference in uptake selectivity. The BCF values for Mn and Zn were 34 and 10
times higher for amaranth from Alibandeng than for amaranth from PK8, re-
spectively. For al metals, high BCF values were measured in the plants from
Alibandeng. This suggested that the metals were more bioavailable in the Ali-
bandeng soils than in the PK8 soils. Alibandeng has mostly sandy soils. Sandy
soils are most likely to release metals, such as Mn and Zn. Brazauskiene et al.30
showed that soils with sandy texture savannas had low retention capacity of
metals, such as Zn and Cu. It is thus probable that metal leaching is more
important at Alibandeng than at PK8. The BCF data obtained in the present study
followed the order Zn > Mn > Cu > Fe > Pb in Alibandeg and Zn > Cu > Mn >
> Fe > Pb in PK8 (Table IV). The soilplant metal transfer seems enhanced in
Alibandeng compared to PK8. Accumulator plants exhibited BCF values > 1.
The high BCF vaues for Cu, Mn and Zn for amaranth confirmed that this
vegetable accumulates metals and could be used as food crop for the supple-
mentation of Zn for example in the case of deficiency in this metal. Indeed, in
many parts of the developing world, most Zn is provided by edible parts of plants
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with high phytic acid, a potent inhibitor of Zn absorption.3! Zn deficiency is
widespread in developing countries, but it is under-recognized due to lack of
sensitive biomarkers of the Zn status.32

The ranges of TF values were 0.4-1.3 for Cu, 0.1-0.9 for Fe, 0.5-4.9 for
Mn, and 0.7-1.0 for Zn. The TF of Mn was generally near to or above 1, showing
that Mn could be taken up more readily in vegetables leaves than other metals.
On the other hand, with exception of Fe in amaranth, the TF values for the metals
in roselle and amaranth were near to or above 1, showing an easy metal uptakein
these leafy vegetables. Both the BCF and TF values were near to or above 1 for
Cu in amaranth from PK8, Mn in lettuce and amaranth from Alibandeng, and Zn
in al plants, with exception of cabbage from PK8 (Table V). It is, therefore, pro-
bable that amaranth, lettuce and roselle are useful plants for metal phytoex-
traction.33 A study on plants cultivated in jars under controlled conditions is
foreseen to verify this hypothesis. However, these are edible plants, so attention
must be paid to the toxic levels of metalsin these plants.

CONCLUSIONS

Agricultural practices in the market gardens of Libreville have led to a high
acidification of the soils, a decrease in the soil fertility parameters and a loss of
metal elements. These practices did not increase the levels of toxic metals in the
soils. Arranged in decreasing order, the concentrations of the metals in the entire
plants were Fe > Mn > Zn > Cu > Pb. All these concentrations are below the
toxicity tolerance thresholds for leafy vegetables. Of the studied plants, Ama-
ranthus cruentus and Hibiscus sabdariffa exhibited the best metal accumulation
and translocation to the leaves, the consumable part of these plants. As these
vegetables are widely consumed throughout West Africa, laboratory and field
studies would be necessary to determine the capacity of these plants to accu-
mul ate toxic metals, such as Pb or Cd in polluted area.
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H3BOJ

YTHULAJ TPAICKOT BAIITOBAHCTBA HA 3EMJ/BUIITA U TPAHCO®EP METAJIA KOJI
I[TOBPRA Y EKBATOPHUJAJIHOJ 30HHU

JEAN AUBIN ONDOLZ, PASCALE PRUDENT1, CATHERINE MASSIANI1, RICHARD MENYE BIYOGOZ, MARIANE
DOMEIZEL', JACQUES RABIER® u FRANCOIS EBA®
1 gix-Marseille Université, CNRS, LCE, FRE 3416, 13331 Marseille, France, 2Ecole Normale Supérieure,
Laboratoire Pluridisciplinaire des Sciences, B.P. 17009 Libreville, Gabon n JE quipe BBE, UMR-
CNRS/IRD 6116 IMEP, Aix-Marseille université, case 97, 3, place Victor-Hugo, 13331
Marseille cedex 03, France

Llws oBe cTyndje je oneHa yTulaja obpaje 3eM/pdINTa y rpany Ha (pU3HUKOXEMHjcKe
KapaKTepUCTHKe 3eM/bHILITA U y3UMamka MeTasa OJf CTpaHe HeKOrT JIMCHATOT MoBpha y3rajaHor
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y 3eMJpULITY Yy rpaznckoj cpenvau Jlubepsuna y T'abony. CakyIubeHM Cy W aHaJIM3UPAHU
y30puH Oubaka ¥ y30pLH MOBPIIMHCKOT CJI0ja KYJITHBUCAHOT U HEKYJITUBACAHOT 3EMJ/bULITA U3
rpajckux dalliTa Ha fiBE JIoKalWje. PesynraTv cy mokasaiav ja je AOLUIO 1O CHaXHE alu-
muduKalje U CMamemha KOHLEHTpallja HyTpHjeHaTa U MeTala y OBUM 3eMJbHIITHMA, 300T
HayuHa odpaje 3empuiuTa. [IpeHoc MeTana je OMo 3HayajaH, OCUM y ciydajy rBoxba. He-
€CEHIMjaTHu MEeTald KaJMHUjyM U OJI0OBO HUCY OW/IM NETEKTOBAHW y TKMBUMA Ouspaka. Ama-
PaHT je akyMy/nIupao BHllle MeTasia Hero Apyro nosphe. McnocraBuiio ce a amMmapaHT U XUOHC-
Kyc mpedepeHLHjaTHO KOHLEHTPUIy MeTaje y JIulrhy, Te cTora MOry OUTH KopuurheHH Kao
CYIVIEMEHTH METasa y JIaHLly UCXpaHe.
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Abstract: The present investigation deals with the utilization of Bagasse fly ash
(BFA), a sugar industry waste, and a zeolitic material (MZBFA) synthesized
from BFA by a combined conventiona and microwave reflux method as
adsorbents for the extraction of acephate (ACP), an organophosphorus pesti-
cide, from agueous solution. The synthesized adsorbents were characterized
using various techniques, such as Fourier-transform infrared (FTIR) spectros-
copy, powder X-ray diffraction (PXRD) analysis and scanning electron mic-
roscopy (SEM). The effects of various experimental parameters were inves-
tigated using a batch adsorption technique for the extraction of ACP. The
extent of removal increased with decreasing initidl ACP concentration and
particle size of the adsorbent. The adsorption was fast and equilibrium was
established within 90 min. Pseudo-first-order, pseudo-second-order, Bangham
and intra-particle diffusion models were used to fit the experimental data. The
pseudo-second-order rate equation was able to provide a realistic description of
the adsorption kinetics. Equilibrium isotherms were analyzed by the Freund-
lich, Langmuir, Dubinin—Radushkevich and Tempkin isotherm Equations. The
Langmuir Equation was found to represent the equilibrium data the best. A
thermodynamic study showed that the adsorption of ACP on MZBFA was
higher than that on BFA. The results indicate that such Zeolitic materials could
be employed as low cost aternatives to BFA in wastewater treatment for the
removal of pesticides.

Keywords: ACP; adsorption; isotherm; kinetics; zeolite.

INTRODUCTION

In recent years, the application of organophosphorus pesticides to agricul-
tural crops and other land areas has increased manifold. India is the largest con-
sumer of pesticides of the South Asian countries with 44.5 % consumption of the
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total pesticides for cotton crops alone.l Substantive application of pesticides may
cause accumulation in the hydrological systems? and in food crops.34 The leach-
ing runoff from agricultural and forest lands, deposition from aerial applications,
and discharge of industrial wastewater are responsible for water contamination.®

Pesticides are considered to be potential chemical mutagens and potential
chronic health hazards.® Considerable evidence has been accumulated indicating
contamination of natural water resources globally, including India.” The Poison
information Center in National School of Occupational Health (NIOH), Ahma-
dabad, India, reported that organophosphorus compounds are responsible for
maximum number of poisoning (73 %) among all agricultural pesticides.” Pati-
ents of acute organophosphorus poisoning have been reported to suffer from
problems such as vomiting, nausea, miosis, excessive salivation, blurred vision,
headache, giddiness and disturbance in consciousness.8

Acephate, N-(methoxy-methylsulfanylphosphoryl)acetamide, is one of the
ten most important organophosphorus insecticides in terms of sales volume. It
has been extensively used in cotton crop cultivation. Surface and ground water
contamination have been observed due to the presence of acephate. For evalu-
ation of environmental waters and water resources for preparation of drinking
water, highly sensitive methods for the determination of organophosphorus pesti-
cidesin surface water, ground water and drinking water are required. In the Euro-
pean Union, a maximum allowable concentration of 0.1 pug L~ for each indivi-
dua (organophosphorus) pesticide in drinking water is in force. In the Nether-
lands, for aquatic ecosystems, the maximum allowable risk level for organophos-
phorus pesticides varies from 0.0007 to 23 pg L—1.9 Therefore, effective methods
of pesticide removal from water are urgently needed. However, the wide ranges
of pesticides, insecticides and herbicides in use make research extremely difficult
for producing a single method for their removal. Several methods, either inde-
pendent or in conjunction with others, have been used for the removal of pesti-
cides, and these include chemical oxidation with ozone,8 photodegradation,10 UV
irradiation,!! biological degradation! and adsorption.12-20 Adsorption on acti-
vated carbon is the most widely spread technology used for water treatment.21
However, the commercially available carbon is not economically feasible on the
large scale due to its high cost. For this reason, many industrial, agricultural,
natural, and synthetic materials, such as bagasse fly ash (BFA), carbon cloth,
porous polymeric adsorbents, wheat-residue black carbon, resin, lignin, wood
charcoal, waste tire rubber granules, etc., have been converted into inexpensive
activated carbons for this purpose.2l

Despite many studies on the chemical maodification of cellulose, only a few
investigated the modification of bagasse fly ash. In view of al these facts,
attempts were made to convert bagasse fly ash, a waste material of the sugar
industry, into an inexpensive and effective adsorbent, such as zeolite. BFA is cur-
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rently used as a filler in building materials. It was used previously for chemical
oxygen demand (COD) reduction of sugar mill and paper mill effluents.22 Vari-
ous researchers utilized it for the adsorptive extraction of phenolic compounds,23
metals24.25 and dyes.26 However, from the survey of the literature, no informa-
tion for the adsorptive removal of ACP pesticide by BFA and a zeolitic material
(MZBFA) synthesized from BFA could be found.

The main objective of this paper were: i) to study the feasibility of using
BFA and MZBFA as adsorbents for the removal of ACP pesticide, ii) to deter-
mine the physicochemical characteristics and therma stability of BFA and
MZBFA, iii) to determine the various parameters affecting the sorption, such as
pH, adsorbent dose, initial concentration, contact time and temperature, iv) to eva
luate the usefulness of various kinetic models, viz. pseudo-first-order, pseudo-se-
cond-order, Bangham and intra-particle diffusion models and v) to determine the
applicability of linear and non-linear forms for various isotherm models (i.e., the
Freundlich,27 Langmuir,28 Dubinin-Radushkevich?9 and Tempkin models39).

EXPERIMENTAL
Preparation of adsorbents

In the present investigation, BFA was collected from a local sugar mill, Shree Khedut
Sahkari Khand Udhyog Mandali Ltd., located at Bardoli, Gujarat, India. All of the reagents
used in these investigations were supplied by Merck and Rankem as analytical grade reagents.
Initially, the raw BFA obtained from the sugar mill was washed thoroughly with double dis-
tilled water to avoid the presence of foreign impurities and dried in sunlight for 8 and then 4 h
in hot air oven at 35315 K. The washed and dried material was sieved through a 200-um mesh
sieve to eliminate the larger particles. The dried BFA material, sieved through 200 pm mesh
sieve was suspended into 3 M NaOH solution (8:1 liquid:solid ratio) for partial microwave
irradiation at the earlier stages (15 min) followed by conventional heating (165 min) in a
round bottom flask equipped with a reflux condenser and stirrer at a reaction temperature of
373t5 K. Microwave experiments were realized using a microwave oven (Q-ProM, Ger-
many). After the hydrothermal reaction, the treated BFA was alowed to cool to room tempe-
rature. The resultant zeolite was washed with distilled water to remove excess sodium hyd-
roxide, filtered and dried at 373+10 K in a hot air oven. The zeolization of bagasse fly ash by
microwave heating was reported to be useful for shortening the reaction time (from hours or
days down to minutes).

Instrumental techniques

A UV-Visible spectrophotometer (UV-1601, Shimadzu, Japan) was used to detect ACP.
The pH measurements were made using a pH meter (PICO*, Labindia pH meter, India). The
Fourier-transform infrared (FTIR) spectra of the samples were recorded on a FTIR spectro-
photometer (Thermo Nicolet 1S10, Thermo Scientific Ltd., Switzerland). The specific surface
area and pore volume of the adsorbents were determined using the Brunauer—Emmett—Teller
(BET)3! and Barret—Joyner—Halenda (BJH)32 nitrogen adsorption and desorption methods at
77 K using a Micromeritics automatic surface area analyzer (Gemini 2360, Shimadzu, Japan).
The chemical composition of each adsorbent was examined by the X-ray fluorescence method
(X-ray XDL-B, Fischer scope, Japan). The moisture contents of the adsorbents were deter-
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mined using a Karl-Fischer (1204R of VMHI, Metrohm Ltd., USA) instrument. The powder
X-ray diffraction (PXRD) patterns of the adsorbents were obtained using a Panalyticals X-Pert
Pro instrument employing nickel filtered Cu K, (1 = 1.54060 A) radiation. The density of the
adsorbent was determined by pycnometery. The point of zero charge was calculated by the
mass titration method.33

Adsorbate

High purity (99.1 %) ACP pesticide (obtained from United Phosphorous Ltd., India) was
used as the adsorbate in the present study. The characteristics of ACP pesticide are listed in
Table I. ACP is white crystalline powder with a strong mercaptan-like odor. Since ACP is
hygroscopic, it was preserved in a dry atmosphere. An accurately weighed quantity of ACP
was dissolved in distilled water to prepare stock solutions. The ACP solution was alowed to
stand for some time until the absorbance of the solutions remained unchanged. Experimental
solutions of desired pesticide concentration were obtained by successive dilutions.

TABLE |. The physical and chemical characteristics of ACP

Pesticide Abbreviation IUPAC Name Amax ~ Empirical Molecular_l

name nm formula  mass, g mol

Acephate ACP N-(methoxy-methylsulfanyl- 214 C4H1gNO3PS 183.17
phosphoryl)acetamide

Analytical measurements

The UV—-Vis spectrum of a standard solution ACP was recorded to determine its maxi-
mum absorbance (Amax), Which was found to be at 214 nm. A calibration curve for ACP was
plotted between the absorbance 214 nm and the concentration of standard ACP solutions. The
ACP concentrations were cal culated from the calibration curve.

Batch experimental studies

To study the effect of important parameters on the adsorptive removal of ACP, batch
experiments were conducted. For each experimental run, 50 mL of ACP of known concen-
tration, pH and the known amount of the BFA and MZBFA were taken in a 100 mL brown
colored glass bottle. The mixture was agitated in an incubator shaker at a constant speed of
150 revolutions per min. Samples were withdrawn at appropriate time intervals and the with-
drawn samples were filtered and spectrophotometrically analyzed for the residual ACP con-
centration. Experiments were performed at initial pH values ranging from 2—10; controlled by
the addition of 1 M HCl or 1 M NaOH solutions. For optimum amount of adsorbents per unit
mass adsorbate, a 50 mL ACP solution was contacted with different amounts of adsorbents
(1-6 g LY until equilibrium was attained. Kinetics of adsorption was determined by anal-
yzing adsorptive uptake of the ACP from the aqueous solution at different time intervals. For
adsorption isotherms, ACP solutions of different concentrations (50-200 mg L-1) were agi-
tated with known amount of adsorbents until equilibrium was achieved. The residual ACP
concentration was then determined. Blank runs, with only the adsorbentsin 50 mL of distilled
water were conducted simultaneously under similar conditions to account for any adsorption
by either the container or the filter material. Each experiment was repeated three times and the
mean values were taken.
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RESULTS AND DISCUSSION
Characterization of adsorbents

Characteristics of adsorbents were determined by proximate analysis and
physicochemical properties. Results are presented in Table 1. The formation
mechanism of zeolitic material from BFA was previously proposed as follows:
dissolution of SiO» and Al>O3, particularly from the glass phase, into the alkaline
solution, decompoasition of aluminosilicate gel as zeolite precursor, and crystalli-
zation of zeolite. In present study, mechanism of zeolization is mainly separated
into three terms. The first step is dissolution of SiO» and Al>O3 into the alkaline
solution at 0—15 min. After 15 min, an intermediate aluminosilicate gel forms by
the deposition of dissolved Si and Al species, which is the prematerial of zeolite
crystals covering the external surface of BFA particles. The intermediate gel
begins to change into zeolite via a dissolution—reprecipitation process at 40 min
and the capture of sodium ions to neutralize the negative charge on the aluminate
in the zeolite structure when zeolite crystal growth occurred. Zeolization was
enhanced by partial microwave irradiation in the early stages of reaction because
microwave can rapidly heat up an agueous solution. Another reason may be
assigned to active water generated by the break up of hydrogen bonds under mic-
rowave irradiation. The active water molecules, isolated HoO molecules, should
freely attack Si—O and AI-O bonds so to enhance the dissolution of the glass
phase on the fly ash particles. The particle size of synthesized MZBFA and
native BFA were determined by a Mastersizer 2000 particle size analyzer. The
particle size distributions specify that majority of particles lies below 58.55 um
(95 %) in case of MZBFA, while in BFA majority of particles lies below 150.62
pum (95 %). The surface area of BFA and MZBFA were determined by the BET
nitrogen adsorption method. The specific surface area obtained by the instrument
for BFA and MZBFA were 99.14 and 328.30 m2 g1 respectively. This indicates
that the surface area of zeolitic adsorbent had been increased significantly during
treatment. The mass titration results for BFA and MZBFA are shown in Fig. 1.
The pHpzc values obtained by mass titration method were 8.18 and 9.09 pH for
BFA and MZBFA, respectively.

TABLE Il. Physicochemical properties of BFA and MZBFA

Characteristics Obtained values
BFA MZBFA
Proximate analysis, mass %
Lossondrying 11.95+0.2 13.74+0.2
Moisture content 10.36x0.3 12.25+0.3
Ash content 72.8510.2 67.74+0.2
Physical properties
Specific density 1.888+0.02 2.036x0.02
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TABLE Il. Continued

Characteristics Obtained values
BFA MZBFA
Physical properties
Bulk density, g mL-1 1.725+0.02 1.983+0.02
Dry density, gmL-1 1.081+0.02 1.225+0.02
Void ratio 0.747 0.662
Porosity, fraction 0.428 0.398
PHpzc 8.18+0.05 9.09+0.05
BET Surface area 99.14 328.30
Composition, mass %
SiOo, 46.35 4354
Al,O3 19.99 18.90
Fe,03 5.89 2.99
Ca0 4.97 3.17
MgO 4.83 4.12
Na,O 4.17 7.24
K,0 3.74 2.35
12
10 pszc= 9.09
. o
8
as
=6 ——3pH
—a&— 6 pH
4 MZBFA ——11pH
2 T T T T T ¥ T T T
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=
6
——3pH
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—&—11 pH
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Fig. 1. Masstitration curves of BFA and MZBFA.
FT-IR Analysis

FT-IR spectra of the adsorbents, shown in Fig. 2, exhibit a broad band at

about 3400 cm1 indicating the presence of both free and hydrogen bonded OH

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

Copyright (C)2013 SCS



ACEPHATE SORPTION ON ZEOLITIC MATERIAL 1061

groups on the adsorbent surface; the stretching is due to both silanol groups
(Si—OH) and adsorbed water on the surface of adsorbents. The 1033.97, 676.67
and 475.33 cm1 bands are due to the asymmetric stretching vibration of the
internal tetrahedra, the symmetric stretching vibration and the bending vibration
modes of T-O bonds in the TO4 tetrahedra (where T = Si or Al), respectively.
The band at 1097.31 cm! of BFA was shifted to 1033.97 cm1 in MZBFA, con-
firming the tetrahedral coordination of aluminum in the zeolite skeleton. In
MZBFA, the shift of the symmetric stretching band at 797.53 to 792.61 cm1 of
the interna tetrahedral (TO4) of the amorphous aluminosilicates formed by the
reaction of dissolved Si4* and Al3* confirmed the formation of zeolite phases.34:35
The amount of improved tetrahedral sites of the aluminosilicate skeleton of the
zeolite can be seen by the decreased frequency of the asymmetric stretching
vibration of the tetrahedral. The band at about 1646.21 and 1456.34 cm! are
ascribed to deformation of the —OH vibration of absorbed water and the bending
vibration of interstitial water.34
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Fig. 2. FTIR Spectra of BFA and MZBFA.
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PXRD Analysis

The identification of corresponding crystalline and mineralogical charac-
teristics of adsorbents were made from powder X-ray diffraction patterns by
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comparing the diffraction data against a database provided by “Joint Committee
on Powder Diffraction Standards’.36 The low hump at lower diffraction angle in
the BFA diffraction patterns shown in Fig. 3 indicates the presence of a glass
phase.37 BFA exhibited the presence of a-quartz as the major part and other
amorphous materials.36 The PXRD pattern of MZBFA showed that the hump at
lower diffraction angle was suppressed. The newly observed intense pesks at 26
26.54 and 43.09° can be ascribed to the formation of zeolites in MZBFA. The
X-ray diffraction patterns of MZBFA confirmed the presence of zeolite P (Phil-
lipsite, JCPDS 39-0219) and zeolite X (JCPDS 28-1036) as the magjor minerals as
indicated from their high intensities as seen in Fig. 3. Anacime (JCPDS 76-
-0901), zeolite A (JCPDS 14-90), chabazite (JCPDS 12-0194) and ZSM 12 (JCPDS
15-274) were present as minor minerals.
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Fig. 3. PXRD Patterns of BFA and MZBFA. (P = phillipsite, X = zeolite X, A = analcime,
L = zeolite A, Z = ZSM-12, C = chabazite and Q = a-quartz).
Mor phology of the adsorbents

The SEM photomicrographs of both the adsorbents at 5.00 KX magnifica-
tions are presented in Fig. 4. The SEM image of BFA before hydrothermal reac-
tion mostly contains non-crystalline glass, with aloose structure and posses smocth
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surface particle with no pits because the surface is covered by an aluminosilicate
glass phase. The particles of MZBFA appeared to be more fluffy and porous. The
SEM photomicrograph of MZBFA shows clear crystalline forms with compact
structures and honeycomb aperture and holes. The MZBFA image shows the
development of extended folded strands with deeper pits; with interior voids. The
SEM photomicrograph of the pesticide loaded adsorbents shown in Fig. 4 reveals
that the layered strands become diminished, showing that the adsorption of the
pesticide created a more compact nature and spherical beads fill up the surface
showing very intense pesticide adsorption on the surface throughout. In the case
of MZBFA, agglomeration of particles forming clusters could be expected due to
its softer porous texture.

Fig. 4. SEM Micrographs of a) BFA, b) MZBFA, c) ACP-loaded BFA and d) ACP-loaded
MZBFA at 5000x magnification.

Effect of pH

The adsorption of ACP by BFA and MZBFA was studied over a pH range of
2-10 at 298 K for 6 h. The initial ACP concentration was 125 mg L1 and the
adsorbent doses were kept at 0.15 g 50 mL—1. The effects of pH on the adsorptive
remova of ACP by the adsorbents are shown in Fig. 5. The pK5 of ACP is 8.35
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and ACP exists in molecular form below this pH. The pHpzc of the MZBFA
increased to 9.09 from 8.18 in case of BFA, due to the akaline hydrothermal
treatment, which enables the utilization of MZBFA over a wide pH range, suit-
able for the adsorption of pesticides. At acidic pH values, the adsorption affinities
of the adsorbents toward ACP are high due to dispersive interactions that are
promoted in solutions of pH below the pHpzc of the adsorbents. The percentage
remova of ACP was maximum at acidic pH (pH 2), decreased with further increase
in pH (up to pH 6) for both adsorbents and after pH 6 a trivial increase was
observed up to 10 pH. At pH < pHp,c, the negatively charged silica sites of the
adsorbent are neutralized by H*, thereby reducing hindrance to the diffusion of
ACP ions. For the pH below 4, a significantly high electrostatic attraction exists
between the positively charged surface of the adsorbent and appreciably ionized
ACP. At pH 6, the partially charged ACP exhibits minimum adsorption on both
adsorbents. As the pH of the system increases, the negative charge of adsorbent
increases which results in high electrostatic repulsion between the solute mole-
cules and between the solute and adsorbent surface. The percentage removal of
ACP by BFA and MZBFA were 23+1 % and 33+1 %, respectively, at pH 2 after
6 h. The higher adsorption capacity of MZBFA compared to BFA in acidic
solutions was due to the microporous structure of MZBFA, where ACP can be
intensively adsorbed by the micropore-filling mechanism.38
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Fig. 5. Effect of pH (conc. =125 mg L1, dose =3 g L1, pH = 2-10, temperature = 298 K,
time = 6 h) on the adsorption of ACP by BFA and MZBFA.

Effect of adsorbent dosage and acephate concentration

Initially, the rate of removal of ACP was found to be rapid, after which it
slowed down as the dose concentration was increased, as shown in Fig. 6. The
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remova efficiency became almost constant and no significant change was
observed in the removal of ACP above 0.2 g 50 mL~1 in the solution. Thus, the
results obtained from this section of the experiments indicated 37+1 and 561 %
removal of ACP was observed by BFA and MZBFA, respectively, at a dose of 4
g L-1. At higher doses, the remaining ACP concentration in the solution was
expected to be very low, so it experiences high resistance to mass transfer.
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Fig. 6. a) Effect of adsorbent dosage (¢ = 125 mg L1, dose = 1-6 g L1, pH 2, temperature,

298 K, time, 5 h) and b) acephate concentration (c = 50200 mg L1, dose=3 gL, pH 2,
temperature, 298 K, time, 5 h) on the adsorption of ACP by BFA and MZBFA.
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A given mass of adsorbent can adsorb only a fixed amount of adsorbate.
Thus, the initial concentration of adsorbate solution is very important. The effect
of the initial pesticide concentration on the removal by both the adsorbents is
shown in Fig. 6. However, the amount of pesticide adsorbed per unit adsorbent
mass increased with decreasing initial pesticide concentration due to the decrease
in resistance to the uptake of solute from the pesticide solution. The curves indi-
cate that the uptake efficiency of ACP by MZBFA was higher compared to that
of BFA.

Effect of contact time

The effect of contact time on the adsorption of ACP by the adsorbents was
studied for a period of 24 h for an initial pesticide concentration of 125 ppm at
298 K and pH 2. ACP solutions were kept in contact with the adsorbents for 24 h
although no significant variation in the residual ACP concentration was detected
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after a contact time of 5 h. Thus, after 5 h contact time, a steady-state approxi-
mation was assumed. The effect of the contact time on the adsorption of ACP is
presented in Fig. 7. The contact time curve shows that the pesticide remova was
rapid in the first 90 min. An early and rapid uptake of pollutant and the estab-
lishment of equilibrium in a short period signify the efficacy of an adsorbent for
its use in wastewater treatment. The curves indicate possible monolayer coverage
of the surface of adsorbents by the pesticide. In between these two uptake stages,
the rate of adsorption was found to be nearly constant. This is understandable
from the fact that a large number of vacant surface sites were available for ad-
sorption during the initial stages, and after a lapse of time, the remaining vacant
surface sites were difficult to occupy due to repulsive forces between the solute
molecules on the solid and in the bulk phases. Saturation of BFA occurred at
251 % adsorption, while for MZBFA, it occurred at 53+1 % adsorption. The
resulting data shows that MZBFA has a greater potential to adsorb ACP than
BFA. This may be due to the higher surface area and larger pore volume of
MZBFA as compared to BFA.
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Fig. 7. Effect of contact time (¢ =125 mg L1, dose = 3 g L1, pH 2, temperature, 298 K, time,
24 h) on the adsorption of ACP by BFA and MZBFA.

Effect of temperature and thermodynamic parameters

The adsorption of ACP on both the adsorbents was investigated at five
different temperatures (293, 303, 313, 323 and 333 K). The uptake of ACP
increased with increasing temperature, indicating the process is endothermic in
nature.
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Thermodynamic parameters were evaluated from Van't Hoff plots (not
shown) for the adsorption of ACP onto BFA and MZBFA. The results are sum-
marized in Table I1l. The change in enthalpy, AHO, and change in entropy, AS,
were evaluated from the slope and intercept, respectively, of the equation:

_ 0 0
Rand=AT—G=ASO—% (1)

where, Kq is the distribution coefficient; AHO is the enthal py change, kJ mol-1;
AS isthe entropy change, J K—1 mol—1; Ris the gas constant, 8.314 J mol-1 K-1
and T isthe temperature, K.

The spontaneity of the adsorption process was ensured by the decrease in the
Gibbs free energy, AGO, of the systems. The negative values of AGO indicate that
the adsorption process becomes more spontaneous with increasing temperature,
which favors the adsorption process. The positive values of AHO were in the range
of 6.04-7.40 kJ mol-1, i.e., lower than 20 kJ mol—L, confirming the endothermic
nature of the overall adsorption process and also the adsorption to be physical
rather than chemical linking through weak attraction forces.3940 The positive
value of AS corresponds to an increase in the degree of freedom of the adsorbed
species, signifying weak interaction between ACP and the adsorbents40
However, if the adsorption process is influenced by cylindrical and convective
diffusion, the adsorption capacity will increase with temperature.#1 Furthermore, it
may be due to an increase in the equilibrium constant with increasing tempe-
rature.

TABLE IIl. Thermodynamic parameters for the adsorption of ACP on BFA and MZBFA
-AGY/ kJmol?

AHO AS
Pesticide
T/K kdmolt  JImol-l K1
293 303 313 323 333
BFA 7.199 7.811 8.309 8.660 9.028 6.035 45.48
MZBFA 9.217 9.698 10.24 10.94 11.43 7.403 56.58

Adsor ption equilibrium studies

To optimize the design of an adsorption system for the adsorption of ACP, it
is important to establish the most appropriate correlation for the equilibrium
curves. Various linear and non-linear isotherm equations have been used to des-
cribe the equilibrium nature of adsorption. Some of these equations are the Freund-
lich,27 Langmuir,28 Dubinin-Radushkevich?® and Tempkin30 Equations. The
models for characterization of the equilibrium distribution relate the quantity of
solute adsorbed at equilibrium per unit weight of adsorbate, (ge, mg g—1) and the
concentration of the solute remaining in the solution at equilibrium (ce, mg L—1).
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The Freundlich isotherm27 is derived by assuming a heterogeneous surface
with a non-uniform distribution of heat of adsorption over the surface. The
Freundlich isotherm was tested using the following linear equation:2?

log ge =log K¢ +1/ nlogc, 2

where Qe is the amount adsorbed (mg g1), ce is the equilibrium concentration of
the adsorbate (mg L—1), and K; and n are the Freundlich constants related to
adsorption capacity and adsorption intensity, respectively. The values of R2 for
this model, Table IV, show that the Freundlich Equation presents the poorest fit
of the experimental data compared to the other isotherm equations. Values of the
heterogeneity factor n > 1 would indicate conformity of the data to the formation
of amultilayer at the adsorbent surface. The reported data of adsorption of ACP
on soil shows Ks = 0.21 and n = 0.55 which indicates multilayer formation is not
possible in soil.42 The value of n for the adsorption of ACP was higher for
MZBFA (4.48) than for BFA (3.38).
The Langmuir Equation28 can be used in following linearized form:

1/ gm=1/ Q+1/ QBce 3

where g, is the amount adsorbed (mg g—1), ce is the equilibrium concentration of
the adsorbate (mg L-1), and Qp and B are the Langmuir constants related to
maximum adsorption capacity and energy of adsorption, respectively.

TABLE V. Isotherm parameters for the adsorption of ACP on BFA and MZBFA

Parameter values

|sotherms Adsorbent Mg gl B/ dme mgl R =)
Langmuir BFA 13.699 0.044 0.155 0.990
MZBFA 22.727 0.122 0.062 0.996

Freundlich K¢/ dm3 g1 n - R?
BFA 10.328 3.38 - 0.875
MZBFA 106.170 4.48 — 0.855

D-R X/ mggl B/mol2J2  E/kJmoll R?
BFA 8.166 5.1x10 0.313 0.933
MZBFA 15.975 1.5x104 0.572 0.988

Tempkin Kt/ dm3mg? B; - R?
BFA 0.541 2.738 - 0.891
MZBFA 3.107 3.677 — 0.860

Table 1V indicates that the Langmuir model gave high quality fitting with
correlation coefficient values R2 0.990 to 0.996, i.e., closer to unity than the other
isotherms for the adsorption of ACP on BFA and MZBFA, indicating that the
adsorption data better fits to the Langmuir isotherm model. Using the Langmuir
model, the monolayer capacity of the adsorbents follows the order: MZBFA
(22.73 mg g 1) > BFA (13.70 mg g1). An essential characteristic of the Lang-
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muir isotherm is that can be expressed in terms of a dimensionless separation
factor, R_, that was less than unity for both absorbents, which evidences that the
adsorptions were favorable under the applied conditions. The relatively smaller
value of R_ for adsorption by MZBFA than by BFA indicates that the adsorption
was more feasible in the former case.

The Dubinin-Radushkevich (D-R) isotherm model2® assumes that the mecha-
nism of adsorption in micropores is pore-filling in nature, rather than layer-by-
layer formation of a film on the walls of the pores. In order to appreciate the
nature — physical or chemical — of the adsorption process, the isotherms data
were analyzed by the (D-R) model, expressed by the following equation:2°

In ge =In Xy — B2 (4)

where ge is the amount adsorbed (mg g1), Xi, is the D-R monolayer capacity,
B isthe activity coefficient related to mean sorption energy, and ¢ is the Polanyi
Potential, which is given by:

e=RT In(1/ c) 5

where R is the gas constant (kJ mol—1 K-1), T is temperature (K), and cg is the
equilibrium concentration of the adsorbate (mg L-1). When In ge is plotted
against €2, a straight line is obtained. The slope of the plot gives the value of
f and the intercept yields the value of the sorption capacity, Xp (8.17—15.97 mg
g1), as shown in Table IV. The value of S is related to sorption energy, E, via
the following relationship:

E=—= ©)
[-28
The magnitude of the adsorption energy, E, is related to the reaction
mechanism. If E isin the range of 8-16 kJ mol~1, the adsorption is governed by
ion exchange. In the case of E < 8 kJ mol—2, physical forces may affect the sorp-
tion mechanism. The calculated values E for the systems examined in the present
study were found to be < 8 kJ mol—1 (Table V), which indicates that the adsorp-
tion of ACP in the studied adsorbate—adsorbent systems was physical in nature.
The Tempkin isotherm30 contains a factor that explicitly takes into account
adsorbate species—adsorbent interactions. This isotherm assumes that: i) the heat
of adsorption of all the molecules in the layer decreases linearly with coverage
due to adsorbate species—adsorbent interactions and ii) the sorption is characte-
rized by a uniform distribution of binding energies, up to some maximum bind-
ing energy. Thus:

Oe=BiInKy +ByInce (7)

where B; = RT b1 and Ky are constants. Kt is the equilibrium binding constant
(L mol-1) corresponding to maximum binding energy and constant By is related
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to the heat of sorption. A plot of ge vs. In ce enables the determination of the
isotherm constants Kt and Bs.

The values of Kt and B obtained from the Tempkin plots of ge vs. In ce are
presented in Table 1V. The R2 value obtained for MZBFA is very close to its
value for the Freundlich isotherm. This indicates that the heat of sorption of al
the molecules in the layer decreases linearly with coverage due to adsorbent—
adsorbate interactions. Thus, the adsorption of ACP on MZBFA could be charac-
terized by a uniform distribution of the binding energies, up to some maximum
binding energy.

The non-linear fitting of all four isotherms for the BFA and MZBFA adsorb-
ents are presented in Fig. 8. The non-linear curves of the isotherms also indicate

BFA _—

o0
o0
£
~ 64
4 K
s 1 @  Experimental
4 Langmuir
= === Freundlich
= = Temkin
2/ D-R
op—TTT T T T T
0 20 40 60 80 100 120 140 160 180
Ce/mgL’"
24
20
16
Ton
on 124
E 7
s, 1/
s 8—" @ Experimental
I Langmuir
T == <= Freundlich
4 = = Temkin
.......... D-R ) .
Fig. 8. Isotherms obtained
o+ - - o O O O o O - . using the non-linear method
0 20 40 60 80 100 120 140 for the sorption of ACP onto
Ce/mgL’" BFA and MZBFA.

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

Copyright (C)2013 SCS



ACEPHATE SORPTION ON ZEOLITIC MATERIAL 1071

that of al four isotherms, the Langmuir Isotherm best fitted the experimental
data. No matter what type of error distribution compromised the data; non-linear
regression always produced accurate and efficient estimates of the parameters.43
The adsorption equilibrium data of ACP onto both the adsorbents followed the
order Langmuir > D—R > Tempkin > Freundlich.

Adsor ption kinetics

In order to investigate the adsorption process of ACP onto the adsorbents,
four kinetic models were used, i.e.,, the Lagergren pseudo-first-order,44 the
pseudo-second-order,45 the Bangham?® and the intra-particle diffusion?’ models.
The pseudo-first-order kinetics model assumes that the rate of change of adsor-
bate uptake with time is directly proportional to the difference in the saturation
concentration and the amount of solute uptake with time. The Lagergren Equa
tion is given by:44

ks
log(de — o) =log ge [ 2'303} (8)
where, ¢t and ge (Mg g1) are the amounts of ACP adsorbed at time t (min) and at
equilibrium, respectively, and k; is the pseudo-first-order rate constant (min-1) of
the reaction.

A plot of log (ge — ) Vvs. t, was drawn to express the Lagergren first order
kinetics modd (Fig. 9). The kinetic parameters calculated from the slope and
intercept are given in Table V. These values indicate that the adsorption rate was
very fast at the beginning of the adsorption for both adsorbents. The values of the
equilibrium adsorption capacity, qge, were well below the monolayer capacities
found by the Langmuir equilibrium isotherm model. The e values suggested that
the adsorption process was not atrue first order reaction.

The rate of pseudo-second-order reaction is expressed by the following
equation:4°

t 1 1

—_—= + _
G (ksG8) Ce
where ks is the rate constant of pseudo-second-order adsorption (g mg—1 min-1)
and ksgé = h can be regarded as the initial sorption rate (mg g= min-1). The
initial sorption rate, h; the equilibrium adsorption capacity, ge; and the pseudo-
second-order constant, ks, can be determined experimentally from the slope and
intercept of aplot of t/g; vs. t (Fig. 9). The kinetic parameters along with the cor-
relation coefficients for the pseudo-second-order kinetic model are listed in Table
V. The obtained results revealed that the initial adsorption rate, h was fast and
that the adsorption mechanism was somewhat complex and not a single step pro-
cess. The correlation coefficients are closer to unity for the pseudo-second-order

(9)
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kinetics than those for the pseudo-first-order kinetic model. Therefore, the
adsorption of ACP by BFA and MZBFA could be approximated more appropri-
ately by the pseudo-second-order kinetic model than by the pseudo-first-order

kinetic model.
35 o
=
30 - 5 0.4
-1
2 00
25 -
0.4
(
= 20 -
-
15 -
10 4
® BFA
A MZBFA
5
o+~
0 50 100 150 200 250 300 350 400

t/ min

Fig. 9. @) Pseudo-second-order kinetic model (t/q; vs. time) and b) pseudo-first-order kinetic
model (log (0. — g Vs. time) on the adsorption of ACP by BFA and MZBFA (c=125mg LY,

dose = 3 g L1, temperature, 298 K).

TABLE V. Kinetic parameters for the removal of ACP by BFA and MZBFA

Pseudo-first order

Adsorbent ¢/ mgg? kex10% / minl R2
BFA 3.236 4.606 0.897
MZBFA 7.447 6.909 0.950
Pseudo-second order
Adsorbent ¢/ mgg? ks x10%/ g mgt mint h/mgglmint R?
BFA 11111 5.364 0.060 0.999
MZBFA 23.810 2.227 0.053 0.999
Bangham
Adsorbent a ko/g R?
BFA 0.165 0.577 0.903
MZBFA 0.216 1.141 0.909
Intraparticle diffusion
Adsorbent  kig; /mgglmin¥2  1;/mgg! R® kgo/mgglmin¥? 1,/mgg! R?
BFA 0.582 4.017 0.974 0.114 8.465 0.888
MZBFA 1.367 7.290 0.972 0.290 17.120 0.947
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The kinetic data were further employed to gain insight into the slow step
occurring in the present adsorption system and to check whether the adsorption
process was diffusion controlled by using the Bangham Equation:46:48

%, Kom/
loglog| ———— |=log| ——— |+« logt 10
0 g(co' ’m’J g(z.sosvj @109 (10

where cg’ is the initial concentration of adsorbate in solution (mmol L-1), Visthe
volume of the solution (mL), 7 is the weight of the adsorbent (g L—1), ¢ is the
amount of adsorbate retained at time t (mmol g1), and a and kg are constants.
The values of constants a (<1) and kg are given in Table V. The double loga-
rithmic plot (Fig. 10) according to above equation did not yield perfect linear
curves (RZ2 = 0.903 and 0.909 for removal of ACP by BFA and MZBFA,
respectively, because the diffusion of adsorbate into the pores of the sorbents was
not the only rate controlling step.

” o A A —

20 (a)
] ® BFA
= =4 A  MZBFA
o 15
M
E - /’H.—._.—.—._.
a" 4

0 T T y T T T T T y T ¥ T T T T T
4 6 8 10 12 14 16 18 20

rI.fZ! minl.’!

(b) A
el ® BFA

A A MZBFA

s
(-]
L

log log (C, (C, - gm)")

®
15 18 24 24 27
log ¢
Fig. 10. a) Intra-particle diffusion plots and b) Bangham plots on the adsorption of ACP by
BFA and MZBFA (c =125 mg L1, dose = 3 g L1, temperature, 298 K).

The possibility of intra-particle diffusion resistance affecting adsorption was
explored by use of the intra-particle diffusion model.#’ Intra-particle diffusion
was characterized using the relationship between specific sorption (g;) and the
square root of time (tY/2). Thisrelation is expressed as follows:47

G =kgqtY?+1 (11)
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where ¢ is the quantity of ACP adsorbed at time t (mg g1) and kiq is the intra-
particle diffusion rate constant (g mg—1 min=Y2): a plot of g vs. t¥2 should be a
straight line with a slope kig and intercept | when the adsorption mechanism
follows an intra-particle diffusion process. The value of the intercept gives an
idea about the thickness of boundary layer, i.e, the larger the intercept, the
greater is the boundary layer affect.4 Plots of mass of ACP pesticide adsorbed
per unit mass of adsorbent, ¢, versus tY2 are presented in Fig. 10. The deviations
of the straight lines from the origin may be due to differences in rate of mass
transfer in the initial and final stages of adsorption.>0 Furthermore, such devi-
ations of the straight lines from the origin indicate that pore diffusion is not the
sole rate-controlling step,®! as was deduced earlier by the Bangham Equation.
From Fig. 10, it may be seen that there are two separate regions — the first straight
portion is attributed to macropore diffusion (phase 1) and the second linear
portion to micropore diffusion (phase 11).52 These show only the pore diffusion
data. Phase | is attributed to the instantaneous utilization of the most readily
available adsorption sites on the adsorbent surface. Phase || may be attributed to
the very dlow diffusion of the adsorbate from the surface film into the micro-
pores, which are the least accessible adsorption sites. This also stimulates a very
slow rate of migration of adsorbate from the liquid phase on to the surface of the
adsorbents. That the values of kiq 2 are lower than those of kiq 1 implies that ACP
diffuses into the pores of the adsorbents. As the diffusion resistance increases
with time, the diffusion rate decreases. Thus, the adsorption is a multi-step pro-
cess involving transport of ACP to the surface of the adsorbents followed by its
diffusion into the interior of the pores.

CONCLUSIONS

MZBFA was formed by the hydrothermal alkaline treatment of BFA. The
microwave irradiation of the reaction solution was effective in enhancing the
zeolitization. This was assign to the stimulated dissolution of SiO; and Al>O3
from BFA by the rapid heating rate and probably by the strong attack of the glass
phase by the active water molecules. On the other hand, microwave heating in
the middle stage significantly retarded the formation of zeolite. This was caused
by impeded nucleation in the intermediate aluminosilicate gel. Therefore, early-
stage microwave heating followed by conventional heating was effective in
enhancing the zeolization from Bagasse fly ash. The microwave heating was a
very effective method of modifying the porosity and the surface chemistry of
BFA. In addition, after microwave treatment, the surface of MZBFA remained in
amore reactive state and thus exhibited a higher adsorption capacity. The adsorb-
ents were characterized by the FTIR, PXRD and SEM techniques and possessed
improved morphological and adsorption properties. The PXRD analysis data con-
firmed the formation of zeolites P and X asthe major minerals.
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Batch experiments revealed that solute removal was favored at lower solute
concentrations, increased contact time, increased adsorbent dose and higher tem-
perature at the acidic pH of 2. Equilibrium was attained in 240 min for a dose of
3 g L1 and an ACP concentration of 125 mg L-1. A thermodynamics study
proved that the adsorption process was endothermic and spontaneous. The kine-
tics of the adsorption process was found to follow the pseudo-second-order kine-
tic model. The Langmuir isotherm fitted the batch experimental data, indicating
monolayer coverage of the outer surface of the adsorbents by ACP molecules.
MZBFA showed a higher adsorption capacity for ACP than the native BFA. The
mass transfer and rate expression studies confirmed that the rate of adsorption
was associated with mass transfer from the bulk liquid to the external surface of
the particles and intra-particle diffusion from the adsorbent surfaces.

The results demonstrated that BFA, which has a very low economic value,
might be effectively used for the synthesis of zeolitic materials that exhibited
extractive efficacy for ACP from agueous solutions.

H3BOI

E®UKACHOCT EKCTPAKIHJE AHEQATA MUKPOTAJTACHO CUHTETHCAHHUM
3EOJIMTUMA: PABHOTEXA U KHHETHKA

BHAVNA A. SHAH', AJAY V. SHAH u PIYUSH Y. JADAV'
! Department of Chemistry, Veer Narmad South Gujarat University, Surat-395007, Gujarat, India u

2ZScience and Humanity Department, Polytechnic, Vidyabharti trust, Umrakh, Bardoli-394345,
Gujarat, India

[TpukasaHo je UCTpakuBamwe nmpuMmeHe Bagasse nereher nemnena (Bagasse fly ash, BFA),
OJNafIHOT MaTepHjana y UHOYCTPHUjU Jodujama mehepa u3 mehepHe Tpcke, Kao ¥ 3€0IUTHOT
matepujana (MZBFA), cuaTetrcaHor U3 BFA koMOMHOBamkeM KOHBEHIIMOHAIIHOT U MUKPOTA-
nacHor pedurykc meToza, Kao apcopdeHTa 3a ekcrpakuujy anedarta — ACP (opranodocdop-
HOT TEeCTUIU/A) U3 BOZeHUX pacTtBopa. CHHTETHCAHU afCcOpOeHT je KapaKTephucaH Pasinyu-
TUM MeTojama, kao wro cy FTIR, PXRD u SEM. VYTuuaj excnepruMeHTalHUX Napamerapa
UCTPAKUBAH je TPUMEHOM LIAP)KHUX aJICOPILHUOHUX TeXHUKA 32 ekcTpakuujy ACP. TTokaszaHo
je ma ce cTeneH excTpakuuje noehasa ca cMamemeM NMoyeTHe koHLeHTpauuje ACP, xao u ca
CMamEHeM BeIHUYMHE yecTHla agcopbenTa. IIpouec je dp3 M paBHOTEXa Ce yCIOCTaBba y
BpeMany on 90 min. ExciepuMeHTanHu mojanu cy (GUTOBAaHU MOZETUMA MCEyLO-TPBOT U
nceyno-ipyror pena, Bangham-oBUM MOJIEJIOM, Kao M MOAEIOM HHTpa-yecTHuHe Judysuje.
Mogenom nceyno-gpyror pena je moryh peanaH onuc KMHETHKe Ipoleca agcopnuuje. On
BUILE NPOMEHBEHUX MOJE/Ia, PABHOTEKHE NofaTke HajOosse onucyje Jlenrmuposa (Langmuir)
usotepma. TepmopgMHaMUUKa aHanM3a Nokasyje fga je agcopnuja ACP seha Ha MZBFA Hero
Ha BFA. Moxe ce 3aK/by4HWTH @ je CHHTETHCAHH 3e0oNnuT jedTHHA M MOrojHa aJTepHaTHBA
Bagasse nerehem neneny kao afopdeHTy 3a yK/amame NecTUlIU/ia U3 OTIaJHUX BOJa.

(TTpumisero 30. maja, peBupupaHo 23. HoBembpa 2012)

REFERENCES

1. N. P. Agnihotri, Pesticide: Safety Evaluation and Monitoring, All India Coordinated
Project (AICRP) on Pesticide Residues; Indian Agricultural Research Institute, New
Delhi, India, 1999, p. 132

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

Copyright (C)2013 SCS



1076 SHAH, SHAH and JADAV

S

© 0N

10.

11
12.
13.
14.

15.

16.
17.
18.

19.
20.
21.
22.

23.

24,
25.
26.
217.
28.
29.
30.
3L
32.
33.

35.
36.

M. T. Meyer, E. Thurman, in Herbicide Metabolites in Surface Water and Groundwater,
M. T. Meyer, E. Thurman, Eds., ACS Symp. Ser. 630 (1996) 1

A. Adeyeye, O. Osibanjo, Sci. Total Environ. 231 (1999) 227

C. Hura, M. Leanca, L. Rusu, B. A. Hura, Toxical Lett. 107 (1999) 103

K. James, W. D. Guenzi, Pesticides in Soil and Water, Soil Science Society of America,
Madison, WI, 1986

C. Bolognesi, G. Morasso, Trends Food Sci. Technol. 11 (2000) 182

I. Ali, C. K. Jain, Curr. Sci. 75 (1998) 123

F. J. Beltrén, J. F. Garcia-Araya, B. Acedo, Water Res. 28 (1994) 2153
Milieukwaliteitsnormen bodem, water, lucht, in (Inter)national normen stoffen, Ministerie
van Volkshuisvesting, Ruimtelijke Ordening en Milieu (Ministry of Housing, Spatial
Planning and the Environment), VROM, 1997 (in Dutch)

A. Topaov, B. Abramovic, D. Monlar-Gabor, J. Csanadi, O. Arcson, J. Photochem.
Photobioal., A 140 (2001) 249

C. Zwiener, L. Well, R. Niessner, Int. J. Anal. Chem. 58 (1995) 247

J. B. Weber, H. D. Coble, J. Agric. Food Chem. 16 (1968) 475

M. A. El-bid, O. A. Aly, Water Res. 11 (1977) 611

V. K. Gupta, I. Ali, in Adsorbents for water treatment: Low cost alternatives to carbon, in
Encyclopedia of Surface and Colloid Science, A. Hubbard, Ed., Marcel Dekker, New
York, 2002, p. 136

H. Jan-Ying, A. Takako, O. Yutaka, M. Takeshi, M. Yasumoto, Water Res. 32 (1998)
2593

V. K. Gupta, I. Ali, Water Res. 35 (2001) 33

V. K. Gupta, I. Ali, S. Suhas, V. K. Saini, J. Colloid Interface ci. 299 (2006) 556

V. F. Domingues, G. Priolo, A. C. Alves, M. F. Cabral, C. Delerue-Matos, J. Environ.
Sci. Health, B 42 (2007) 649

J. Boucher, L. Steiner, I. W. Marison, Water Res. 41 (2007) 3209

M. Akhtar, S. M. Hasany, M. |. Bhanger, S. Igbal, Chemosphere 66 (2007) 1829

[. Ali, V. K. Gupta, Nat. Protoc. 1 (2006) 2661

V. C. Srivastava, M. Tech. Dissertation, Indian Institute of Technology Roorkee, India,
2003

I. D. Mall, S. Tewari, N. Singh, I. M. Mishra, in Proceeding of the eighteenth inter-
national conference on solid waste technology and management, Philadelphia, PA, USA,
2003, p. 23

V. K. Gupta, C. K. Jain, I. Ali, M. Sharma, V. K. Saini, Water Res. 37 (2003) 4038

V. K. Gupta, I. Ali, Sep. Purif. Technol. 18 (2000) 131

B. A. Shah, A. V. Shah, H. D. Patel, Environ. Prog. Sustain. Energy 30 (2011) 549

H. Freundlich, Z. Phys. Chem. 57 (1906) 384

I. Langmuir, J. Am. Chem. Soc. 40 (1918) 1361

M. M. Dubinin, E. D. Zaverina, L. V. Radushkevich, Zh. Fiz. Khim. 21 (1947) 1351

M. J. Temkin, V. Pyzhev, Acta Physicochim. URSS 12 (1940) 217

S. Brunauer, P. H. Emmett, E. Teller, J. Am. Chem. Soc. 60 (1938) 309

E. P. Barrett, L. G. Joyner, P. P. Halenda, J. Am. Chem. Soc. 73 (1951) 373

J. S. Noh, J. A. Schwarz, Carbon 28 (1990) 675

D. Vucinic, I. Miljanovic, A. Rosic, P. Lazic, J. Serb. Chem. Soc. 68 (2003) 471

Y. Wang, Y. Guo, Z. Yang, H. Cai, Q. Xavier, <i. China, D 46 (2003) 967

Joint committee on powder diffraction standards, Index Inorganic to the powder diffrac-
tion file, Publication PDIS-211, Newton Square, PA, 1971

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

Copyright (C)2013 SCS



37.
38.

39.

41.

42.

SHRB

47.

49.
50.
51.
52.

ACEPHATE SORPTION ON ZEOLITIC MATERIAL 1077

M. Inada, H. Tsujimoto, Y. Eguchi, N. Enomoto, J. Hojo, Fuel 84 (2005) 1482
B. Pan, W. Du, W. Zhang, X. Zhang, Q. Zhang, B. Pan, L. Lv, Q. Zhange, J. Chen,
Environ. Sci. Technol. 41 (2007) 5057
A. Bhatnagar, J. Hazard. Mater. 139 (2007) 93
E. Tutem, R. Apak, C. F. Unal, Water Res. 32 (1998) 2315
I.D. Mal, V. C. Srivastava, M. M. Swamy, B. Prasad, |. M. Mishra, Colloids Surf., A 272
(2006) 89
Pesticide Properties Database, http://sitem.herts.ac.uk/aeru/footprint/en (September
2011)
Y. S. Ho, G. F. Maash, M. |. El-Khaiary, Desalination 257 (2010) 93
S. Lagergren, Kungl. Svenska Vetenskapsakad. Handl. 24 (1898) 1
Y. S. Ho, G. McKay, Process Biochem. 34 (1999) 451
E. Tutem, R. Ape, C. F. Unal, Water Res. 32 (1998) 2315
W. J. Weber Jr., J. C. Morris, J. Sanit. Eng. Div. Proceed. Am. Soc. Civil Eng. 89 (1963)
31
A. Shah, A. V. Shah, R. R. Singh, N. B. Patel, J. Environ. Sci. Health, A 44 (2009) 880
Kannan, M. M. Sundaram, Dyes Pigm. 51 (2001) 25
K. Panday, G. Prasad, V. N. Singh, Environ. Technol. Lett. 50 (1986) 547
V. J
S.J

Poots, G. McKay, J. J. Healy, J. Water Pollut. Control Fed. 50 (1978) 926

B.
K.
K.

. J. Allen, G. McKay, Y. H. Khader, Environ Pollut. 56 (1989) 39.

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

Copyright (C)2013 SCS



	CoverEV_2013_V78_No7.pdf
	Page 1

	78_No7_Contents
	01_5477_4468
	02_5421_4469
	02_5421_4469_supp
	03_5496_4470
	04_5539_4471
	05_5402_4472
	05_5402_4472_supp
	06_5513_4473
	07_5542_4474
	08_5504_4475
	09_5576_4476
	10_5335_4477
	11_5456_4478
	12_5470_4479
	13_5485_4480
	14_5396_4481


<<
  /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



<<
  /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



<<
  /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



<<
  /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



<<
  /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



<<
  /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



<<
  /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



<<
  /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



<<
  /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



<<
  /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



<<
  /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



<<
  /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



<<
  /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



<<
  /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



<<
  /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



<<
  /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



<<
  /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




