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Abstract

Dipyridine derivatives are used on large scale and pose significant environmental problems. We have synthesized dipyridine
derivatives with: 5-chlorovaleric acid, a-dichlorhidrin, iodoacetamide and 11-bromoundecanoic acid. The synthesized substituted
compounds were investigated by LC-MS. The adsorptive removal of dipyridine derivatives from aqueous solution has been
studied using medicinal activated carbon. The adsorption rate has been investigated under the controlled process parameters
including adsorption time, carbon and organic compound concentration. The results from this study demonstrated that the
activated carbon can be used as a low-cost adsorbent for the removal of environmental cationic dipyridine derivatives from the

water environment.
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1. Introduction

Dipyridine and various dypiridine derivatives
are currently synthesized and used on a large scale
(Howard et al., 1997). Methylviologen, also named
paraquat is a very toxic herbicide to aquatic
organisms and may cause long-term adverse effects
in the aquatic environment (Chemwatch, 2008).
Dipyridine derivatives useful in many applications
such as: redox chromophores (Zmija and
Matachowski, 2011), electrochromic displays
(Cummins et al., 2000), battery half-cells (Michaelis,
1935), sensors (Chira et al., 2014), electron acceptors
(Kotani et al., 2006), energy conversion materials
(Bocarsly et al., 1980), herbicides (Monk, 1998),
neuromuscular agents (Buruiana et al., 1991).

Mono, bi or polymeric dipyridine derivatives
compounds may be synthesised from dipyridine and

the desired halogenated reagents. Various
symmetrical or asymmetrical, mono or bisubstitued
compounds derived from dipyridine are mentioned in
literature among which (N-(2-carboxyl-ethyl)-N’-(4-
vinylbenzyl)-4,4’-bipyridinium dichloride (Liu et al.,
2004), 1-(11-dodecylsulfanyl-undecyl)-[4,4’]
bipyridinium bromide (Casillia et al., 2004),
alkylthiol-substituted viologen (Tang et al., 1996),
polyviologens (Liu et al., 2007). The macrocycle
cyclo(paraquat-o-phenylene-paraquat-p-phenylene)
was synthesized using an o-xylene bridged bis (4,4'-
bipyridinium) salt (Scheytza et al., 1998),
cyclobis(paraquat-p-phenylene) ring and methyl
viologen radical cation composed trisradical
tricationic complex (Fahrenbach et al., 2012) or
viologen-based cyclophanes was synthesized starting
from 1,4-bis-bromomethyl-benzene and 4,4’-
dipyridine (Tanabe et al., 2009).

* Author to whom all correspondence should be addressed: e-mail: bucurica@yahoo.com; Phone: +40-021-22-00-900; Fax: +40-021-22-00-900



Chira et al./Environmental Engineering and Management Journal 14 (2015), 2, 269-275

Dipyridine derivatives are organic pollutants
which have attracted much attention due to their slow
degradation and potential impact on the
environmental.

Among various treatments for the removal of
environmental contaminants from an aqueous
solution, adsorption is an important retention and
purification process eliminating the effluent toxicity
(Arsene et al., 2013). Activated carbon is one of the
most efficient adsorbents used for removing organic
pollutants from industrial waste-waters (Al Duri et
al., 1996).

This study reports synthetic strategies to a
series of novel derivatives based on the dipyridine.
The four syntheses reactions using S5-chlorovaleric
acid, o-dichlorhidrin, iodoacetamide and 11-
bromoundecanoic acid were studied by refluxing
halogenated reagents with 4,4’-dipyridine.

The synthesized substituted compounds were
investigated by HLPC-MS and were efficiently
removed by adsorption on activated carbon.

2. Material and methods

All of reagents used for synthesis used in this
paper 4,4’-dipyridine, 5-chlorovaleric acid, o-
dichlorhidrin, iodoacetamide, 11-bromoundecanoic
acid were purchased from Sigma-Aldrich. The
solutions were analyzed using a UV/Vis-Thermo
Evolution 260 Bio (Thermo Fischer Scientific).
Adsorption studies were carried out with silica gel
100C8, aminopropy! silicagel (Fluka) and medicinal
activated carbon (Carbocit-Biofarm) from a local
pharmacy. Acetonitrile (ACN for HPLC) was
produced by Biosolve. Aqueous solutions were
prepared with purified water (18 MQ cm',
Millipore).

HPLC analyses were performed using an
Agilent 1260 series LC system (Agilent, Waldbronn,
Germany) consisting of: binary pump, micro-
degasser, thermostatted autosampler, thermostatted
column compartment. The LC instrument was
coupled with an Agilent 6410B triple-quadrupole
mass analyzer fitted with an electrospray ionization
source. Data acquisition and analysis were performed
using Mass Hunter software, revision B.05.00. All
chromatographic runs were carried out on a Zorbax
Eclipse Plus C18 150 x 4.6 mm, 5 pm column from
Agilent Technologies. Column was thermostatted at
27°C.

3. Experimental
3.1. Syntheses of dipyridine derivatives

The reactions used to obtain dipyridine
derivatives are shown in Fig. 1. It involves treating
the 4,4-dipyridine with reactive halogenated
derivatives. It is interesting to note that reagent II has
two chlorine moieties and thus multiple products can
be obtained.

The syntheses were carried out in 45 mL
acetonitrile and water [2:1] at reflux for 24 H or
longer. A mixture of the 5-chlorovaleric acid (10
mmol L) and 4,4’-dipyridine (2.5 mmol L") was
heated under reflux for the 24 h to obtain the product
(D). In the similar method different halogenated
reagents (2.5 mmol L) were refluxed 24 h in the
presence of dipyridine (10 mmol L) to yield the
products (II-1), (IIT), (IV). The resultant products (II-
1, 1I-2 and II-3) were prepared by mixing solution of
4,4-dipyridine (20 mmol L) with a-dichlorhidrin
(2.5 mmol L) for the 68 h. The reaction mixtures
were then cooled to room temperature and were
stored at +4 °C.

3.2. HPLC-MS analysis

The analysis was carried out in isocratic
conditions at a constant flow-rate of 0.3 mL/min.
Mobile phase composition was a mixture of aq. 0.1%
formic acid and acetonitrile in the ratio 40 / 60 (v/v).
Sample injection volume was 1 pL. Mass-
spectrometric detection of analytes was made using
Selected Ion Monitoring acquisition mode (SIM).
Analyte SIM values, fragmentor voltages, ionization
source parameters and other MS parameters are
shown in Tables 1 and 2.

3.3. Adsorption procedure

The adsorption of the organic molecules
obtained after syntheses reactions was carried out in
Eppendorf tubes of 1 mL into which different
volumes of reaction solutions and 20 mg milled
activated carbon were added. The mixtures were
shaken with Multi-Vortex for tubes at a temperature
of 25 £ 1°C for 30 min. After vortexing, the obtained
solutions were centrifuged thought a 30 micron
membrane filters Millipore at 14,000 g for 15 min.

Table 1. MS acquisition parameters for dipyridine and investigated reaction products

Compound Name Mass MS?2 Res Dwell Fragmentor Polarity
4,4'-dipyridine 157.2 Unit 200 100 Positive
5-(4,4'-dipyridinium)-valeric acid 258.1 Widest 200 100 Positive
acetamide-4,4'-dipyridinium 215.1 Widest 200 100 Positive
11-(4,4'-dipyridinium)-undecanoic acid 342.1 Widest 200 100 Positive
1,3-di(4,4'-dpyridinium)-2-propanol 370.2 Widest 100 100 Positive
4,4'-di(3-chlor-2-propanol)-dipyridinium 342.1 Widest 100 100 Positive
1-(4,4'-dipyridinium)- 3-chlor-2-propanol 250.1 Widest 100 100 Positive
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Fig. 1. Synthesis of dipyridine derivatives

11-(4.4'-dipyridinium)-undecanoic acid

Table 2. Electrospray ion source parameters

Drying Gas Flow (L/min) 10
Nebulizer Pressure (psig) 60
Drying Gas Temperature (°C) 300
Capillary Voltage (V) 3000

The all solutions before and after adsorption
treatment were analyzed using a UV/Vis by
monitoring the absorbance changes at a wavelength
of maximum absorbance.

4. Results and discussion

4.1. Synthesis and characterization of dipyridine
derivatives

The dipyridine derivatives can be obtained by
alkylation with halogenated derivatives that can
modify only one or both aromatic nitrogen atoms
(mono or bisubstituted derivatives). The reaction
yield obtained with different halogenated reagents
depends on several factors such as: steric effects,
electronic effects and reaction conditions (media,
temperature, time). The halogenated reagents used in
this work have also other functional moieties (acids,
alcohol or amide).

In order to confirm the syntheses and to
identify the structure of the obtained resultant
products, the reaction mixtures were analyzed by LC-
MS. The HPLC-MS analysis results present different
peaks with retention time depending on the structure

of synthesized 4,4’-dipyridine derivatives present in
the sample. The corresponding peak for 4,4'-
dipyridine solution appear at 4.355 min (Fig. 2a).

The chromatograms recorded for a standard
solution of 4,4'-dipyridine (277 pg/mL) and the
refluxing reaction product between 4,4'-dipyridine
and 5-chlorovaleric acid (I) are presented below in
Fig. 2. For reaction (I) the HPLC-MS data indicated
that monoalkylated derivative was obtained by
starting 5-chlorovaleric. As it can be observed in
Fig. 2b the reaction mixture contains the interest
reaction product (5-(4,4'-dipyridinium)-valeric acid).
The highest peak found in the sample appears at
3.873 min retention time and the peak area
corresponds to 5.7 pg/mL of synthesized compound.
From this spectrum, it appears that mass of 258.1 is
characteristic for the product of interest. The yield of
this reaction was 2.07 %.

The product obtained by refluxing for 24 h of
the reaction mixture 4,4'-dipyridine and 1,3-dichloro-
2-propanol appears at 3.898 min and has a
concentration of 174.1 pg/mL of 1-(4,4-
dipyridinium)-3-chlor-2-propanol (II-1) (Fig. 3a). The
reaction yield was 7.73 %. In Fig. 3b different
reaction products (II-1, II-2 and II-3) obtained after
68 h refluxing of the same reaction are eluted out at
different time intervals (3.898, 3.741 and respectively
3.755 min). These compounds form distinct
chromatographic peaks by the mass values: 250.1 (II-
1); 342.1 (I1I-2) and 370.2 (II-3) corresponding to
mono and bisubstitued reaction products.
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Fig. 2. Chromatograms recorded for the injection of: (a) standard solution of 4,4'-dipyridine (277 pug/mL)
and (b) product resulted after reaction synthesis: 5-(4,4'-dipyridinium)-valeric acid
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Fig. 3. Chromatograms recorded for the injection of: (a) product mixture resulted after 24 h reaction refluxing: 1-(4,4'-
dipyridinium)-3-chlor-2-propanol (II-1) and (b) products mixture resulted after 68h reaction refluxing: 1-(4,4"-dipyridinium)-3-
chlor-2-propanol (II-1), 1,3-di(4,4'-dpyridinium)-2-propanol (II-2) and 4,4'-di(3-chlor-2-propanol)-dipyridinium (II-3)
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The reaction compounds 1-(4,4'-dipyridinium)-
3-chlor-2-propanol (I1I-1), 4,4'-di(3-chlor-2-propanol)-
dipyridinium (II-2) and trace amount of 1,3-di(4,4'-
dpyridinium)-2-propanol (II-3) have reaction yield of
35.82 %, 6.29 %, 0.37 % respectively. The mixture
of products contains 710.4 pg/mL of (1I-1), 124.7
pg/mL of (II-2) and 7.3 pg/mL of (II-3). The major
compound in reaction mixture after 24 h refluxing
(II-1) is formed approximately by four times more for
the longer reaction time (68 h).

The reaction mixture for reaction (III) was
analyzed to characterize the product of interest which
is presented in Fig. 4. Excellent yield was obtained
for refluxing reaction between 4,4'-dipyridine and
iodoacetamide (94.92 %). A significant peak refers to
the reaction product that is present in the sample and
that is identified with 215.1 mass range and 3.844
min retention time correspond to the formation of
acetamide-4,4'-dipyridinium  (III). The reaction
mixture contain about 1099 pg/mL of acetamide-4,4'-
dipyridinium (III).

The structure of synthesis product 11-(4,4'-
dipyridinium)-undecanoic acid (IV) obtained by
refluxing 4,4'-dipyridine with 11-bromoundecanoic
acid was confirmed by recording the chromatogram
LC-MS presented in Fig. 5. The chromatogram
exhibited a significant peak with m/z 342.1 at 4.021
min. The results indicate about 1036.8 pg/mL. The
main reaction product was obtained with a yield of
84.3 %.

The all synthesized 4,4'-dipyridine derivatives
(D-(IV) were successfully obtained in moderate to
good yields. It is noteworthy that the syntheses of
substituted compounds of 4,4'-dipyridine with
halogenated reagents were carried out in a single step

within a reasonable time and the yields were around
2.1-94.9 % (Table 3).

4.2.  Adsorption
derivatives

comparison of 4,4 -dipyridine

In order to investigate the adsorption behavior
of synthesized compounds with different functional
groups on the activated carbon and silica was
quantified by recording the UV-VIS spectra for each
reaction mixture before and after adsorption
treatment.

The adsorption yield is influenced by structure
of the reaction compounds, the concentration of the
organic molecules in the analyzed solution and the
properties of the absorbent.

The influence of operational parameters such
as the mass of activated carbon and the adsorption
time were studied for reaction (II for 68 h) because it
contained numerous compounds.

In order to investigate the adsorption kinetics
of 4,4’-dipyridine derivatives, the stirring time of the
solution was investigated between 15 minutes and 1
hour.

The optimum stirring time was chosen 30
minutes as a compromise between a good removal of
the organic compounds and a short treatment time.
The concentration of activated carbon was studied by
varying the carbon mass from 1 to 30 mg/mL and the
optimum value was 20 mg/mL.

The reaction products are not absorbed on
both silica gel or aminopropyl silicagel even at high
quantities (100 mg/mL) and long adsorption time (1
h). The experimental parameters and results are
shown in Table 4.
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Fig. 4. Chromatogram recorded for the injection of product mixture resulted
after 24 h reaction refluxing: acetamide-4,4'-dipyridinium (III)
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Fig. 5. Chromatogram recorded for the injection of product mixture resulted
after 24 h reaction refluxing: 11-(4,4'-dipyridinium)-undecanoic acid (IV)

Table 3. 4,4'-dipyridine derivatives obtained with some halogenated reagents

Compound Name M‘iie;;;lar Retention time (min) Solvent Time (h) | Yield (%)
5-(4,4'-dipyridinium)-valeric acid 258.1 3.873 CH;CN : H,O [2:1] 24 2.1
acetamide-4,4'-dipyridinium 215.1 3.844 24 94.9
11-(4,4'-dipyridinium)-undecanoic acid 342.1 4.021 24 84.3
1-(4,4'-dipyridinium)- 3-chlor-2-propanol 250.1 3.844 24 7.7
3.898 68 35.8
4,4'-di(3-chlor-2-propanol)-dipyridinium 342.1 3.741 68 6.3
1,3-di(4,4'-dpyridinium)-2-propanol 370.2 3.755 68 0.4
Table 4. Experimental parameters and results for 4,4'-dipyridine derivatives adsorption onto activated carbon
Reaction Dilution Activated carbon 2 Absorbance
factors (mg/mlL) (nm) initial after adsorption
@ 30 250 1.184 0.000
(II-24h)-one derivative 200 238 1.290 0.039
(II-68 h)-tree derivatives 200 20 238 1.412 0.019
1) 100 232 1.230 0.009
Iv) 70 246 1.334 0.051
It can be observed that the activated carbon Acknowledgements

has good capabilities to adsorb dipyridine
derivatives from aqueous solution and can be used
for treatment of waste waters.

5. Conclusions

We have synthesized six dipyridine
derivatives using four halogenated reagents: 5-
chlorovaleric acid, o-dichlorhidrin, iodoacetamide
and 11-bromoundecanoic acid. Mono or bisubstituted
compounds were obtained depending on the structure
of the halogenated compound and reaction time. The
synthesized products were investigated by LC-MS
and the reaction yields were between 2.1 and 94.9 %.

This study shows that activated carbon can be
used as low-cost adsorbent material for the removal
of organic pollutants (dipyridine derivatives) from
water. The procedure for dipyridine derivatives
synthesis can be adapted for the obtaining and
characterization of different interested compounds.

274

This work was financed by the program Partnership in
priority areas - PN II, supported by the Romanian
Department of Education and Research (MEN-UEFISCDI)
projects no. PN-II-PT-PCCA-2013-4-0203 and PN-II-PT-
PCCA-2013-4-0297.

References

Al Duri B., (1996), Introduction to adsorption, In: Use of
Adsorbents for the Removal of Pollutants from
Wastewaters, McKay G. (Ed.), CRC Press, Boca
Raton, Florida, 2-3.

Arsene D., Teodosiu C., Barjoveanu G., Apreutesei R.E.,
Apopei P., Musteret C.P., Cailean D., (2013),
Combined catalytic oxidation and adsorption of
Priority organic pollutants for wastewater recycling,
Environmental Engineering and Management Journal,
12, 907-916.

Bocarsly A.B., Bookbinder D.C., Dominey R.N., Lewis
N.S., Wrighton M.S., (1980), Photoreduction at
Iluminated p-Type Semiconducting Silicon Photo-
Electrodes: Evidence for Fermi Level Pinning, Journal
of the American Chemical Society, 102, 3683-3688.




Study of the synthesis and environmental removal of 4,4’ -dipyridine derivatives

Buruiana E.C., Diaconu I., Buruiana T., Grigoriu G.E.,
Caraculacu A., (1991), Synthesis and characterization
of some 2,4'-dibenzyldiisocyanate ionic polymers. VII,
Photochromic behavior of ionenes with viologen units,
Die Angewandte makromolekulare Chemie, 187, 51—
59.

Casillia S., Malitestab C., Conocic S., Petraliad S.,
Sortinod S., Vallia L., (2004), Piezoelectric sensor
functionalised by a self-assembled bipyridinium
derivative: characterisation  and  preliminary
applications in the detection of heavy metal ions,
Biosensors and Bioelectronics, 20, 1190-1195.

CHEMWATCH, (2008), C293LP Version No: 4.1.1.1,
2781-4, On line at:
http://www.biochem.uci.edu/Safety/MSDS/Methy1%2
0Viologen%20(Paraquat)%20MSDS.pdf.

Chira A., Bucur B., Radulescu M.-C., Galaon T., Radu G.-
L., (2014), Study of Electrochemically Modified
Electrode with Synthesized N-benzyl-4,4'-bipyridine
with Anti-Fouling Properties for Oxygen and
Hydrogen Peroxide Detection, International Journal
of Electrochemical Science, 9, 4493-4511.

Cummins D., Boschloo G., Ryan M., Corr D., Rao S.N.,
Fitzmaurice D., (2000), Ultrafast electrochromic
windows based on redox-chromophore modified
nanostructured semiconducting and conducting films,
The Journal of Physical Chemistry B, 104, 11449-
11459.

Fahrenbach A.C., Sampath S., Late D.J., Barnes J.C.,
Kleinman S.L., Valley N., Hartliecb K.J., Liu Z,
Dravid V.P., Schatz G.C., Van Duyne R.P., Stoddart
JF., (2012), A Semiconducting Organic Radical
Cationic Host Guest Complex, ACS Nano, 6, 9964—
9971.

Howard P.H., Michalenko E.M., Basu D.K., Hill A.,
Aronson D., (1997), Solvents, In: Handbook of

Environmental Fate and Exposure Data for Organic
Chemicals, Vol. 5, Lewis Publishers: Chelsea, M1.
Kotani H., Ohkubo K., Takai Y., Fukuzumi S., (2006),

Viologen-modified platinum clusters acting as an
efficient catalyst in photocatalytic hydrogen evolution,
The Journal of Physical Chemistry B, 110, 24047-

24053.

Liu M.O., Chen 1. M., Lin J.-L., (2007), Microwave-
assisted synthesis of viologens and polyviologens and
their preliminary electrochromic effects, Materials
Letters, 61, 5227-5231.

Liu X., Neoh K.G., Lian C., Kang E.T., (2004), Enzymatic
activity of glucose oxidase covalently wired via
viologen to electrically conductive polypyrrole films,
Biosensors and Bioelectronics, 19, 823—-834.

Michaelis L., (1935), Semiquinones, the intermediate steps
of reversible organic oxidation reduction, Chemical
Reviews, 16, 243-286.

Monk P.M.S., (1998), The viologens: Physicochemical
Proprietes, Synthesis and Applications of the salts of
4,4"-bipyridine, John Wiley & Sons, New York.

Scheytza H., Reissig H.-U., (1998), Cyclo(paraquat-o-
phenylene-paraquat-p-phenylene) - The Missing
Isomeric Carbophane of 4,4'-Bipyridine, Tetrahedron
Letters, 39, 8637-8640.

Tanabe K., Kato T., (2009), Self-Assembly of
Cyclobis(paraquat-p-phenylene)s, Chemical
Communications, 14, 1864-1866.

Tang X.Y., Schneider T.W., Walker J.W., Buttry D.A.,
(1996), Dimerized pi-complexes in self-assembled
monolayers containing viologens-an origin of unusual
wave shapes in the voltammetry of monolayers,
Langmuir, 12, 5921-5933.

Zmija J., Malachowski M.J., (2011), New organic
electrochromic materials and theirs applications,
Journal of Achievements in  Materials and
Manufacturing Engineering, 48, 15-23.

275




<<
  /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


