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Abstract The article is devoted to a comparative study
on the thermal degradation of some new diazoaminode-
rivatives under both air and nitrogen atmosphere by
TG-FTIR analysis. The TG-DTG-DTA curves show the
thermal degradation in air to present two temperature
domains: an endothermic one identical to the case of the
degradation under nitrogen and an exothermic one which is
not to be found under nitrogen atmosphere. The identifi-
cation of the gaseous species released by degradation in air
within the endothermic domain made evident the presence
of the same components of the degradation in nitrogen
atmosphere. In the exothermic domain of the sample deg-
radation in air, the CO,, H,O, SO, species result by the
burning of the molecular residues of the first domain. The
obtained results afforded a degradation mechanism to be
advanced that coincide for the endothermic domain with
that of degradation under nitrogen atmosphere. Due to the
importance of these compounds as possible reaction
initiators and also as potentially bioactive substances
(herbicides, acaricides, fungicides), the study on their
thermal degradation could give useful information on the
environmental impact of the degradation products resulting
by the thermal processing of the plants which could pos-
sible retain these compounds, when the initial degradation
temperature is exceeded.
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Introduction

In this article, our previous studies [1-4] on the thermal
behavior of potentially active compounds are extended by
applying the TG-FTIR technique over some new diazoa-
mino-derivatives able to be used either as reaction initiators
[5] or as potentially bioactive compounds (herbicides,
acaricides, fungicides) [6—10].

The comparative study of the structure-thermal stability-
degradation mechanism correlation made under both air
and nitrogen atmosphere with three new diazoaminoderiv-
atives, 3-chloro-4-((1-(3-(4-(dimethylamino)phenyl)triaz-
2-en-1-yl)-1-oxopropan-2-yl)oxy)benzenesulfonamide (a),
3-chloro-4-((1-(3-(2-hydroxynaphthalen-1-yl)triaz-2-
en-1-yl)-1-oxopropan-2-yl)oxy)benzenesulfonamide (b),
5-(3-(2-(2-chloro-4-sulfamoylphenoxy)propanoyl)triaz-1-
en-1-yl)-6-hydroxynaphthalene-2-sulfonic acid (c), gives
useful information on the temperature range where these
compounds are stable and can be stored and used, while the
elucidation of the degradation mechanism is useful for
predicting the eventual environmental impact of the deg-
radation products resulting by certain processing exceeding
the initial degradation temperature.

The analysis of the TG-DTG-DTA curves [11-13]
reveals the thermal degradation in air (30-900 °C) to be
specific and complex showing two domains as a function of
temperature (time): an endothermic one which is identical
to that for the degradation in nitrogen atmosphere and an
exothermic one that cannot be found if the degradation take

@ Springer



284

A. M. Mocanu et al.

place under nitrogen, these domains include also the
gaseous species resulting by degradation.

The identification of the individual gaseous species
released within the endothermic domain under both air and
nitrogen atmosphere revealed the same compounds to
result with every sample but different from one sample to
another. Within the exothermic domain of the degradation
in air the burning of the molecule residues of the first
domain gives CO,, H;O, and SO,. For all samples, the
weight losses noticed with the degradation in air in the
endothermic domain correspond to those noticed under
nitrogen atmosphere. By taking this result into account
along with the finding that the characteristic temperatures
from TG-DTG-DTA are the same for the air and nitrogen
degradations within the endothermic domain, it follows
that the degradation mechanisms are also the same within
the 30-350 °C temperature range.

The obtained results afforded the most probable degra-
dation mechanism in air and in nitrogen to be advanced as
a complex one proceeding as successive-simultaneous
reactions.

A good structure—thermal stability—degradation mecha-
nism correlation was found by applying the very efficient
TG-FTIR technique [4, 14, 15].

Experimental
Materials

The chemical structure of the compounds under study, their
formulae, [TUPAC names, molecular weights, and melting
points measured by the Boetius method are given in
Scheme 1.

Methods

The TG-FTIR analyzer consists of a TG/DTA Diamond
(Perkin Elmer) thermo-balance and a FTIR spectrometer,
Spectrum 100 (Perkin Elmer), provided with a TG-FTIR
(Perkin Elmer) gas transfer accessory and a gas cell of
100 mm length and KBr windows, heated at 150 °C. The
FTIR spectra were recorded within the 700-4000 cm™'
range at a resolution of 4 cm™' and scanning rate of
200 cm~'s™!, a single spectrum being recorded every 15 s.
by means of the Spectrum Time Bose Perkin Elmer pro-
gram. The Gram—Schmidt diagrams represent the variation
of all IR spectrum with the temperature for all gaseous
species that are eliminated upon thermal degradation of
sample, and are obtained by the summing (and the group-
ing) of the gaseous species as function of temperature
(time). A G7 gas analyzer (Dominic Hunter) supplies the
dry air (pearl point: —50 °C) entering the TG/DTA analyzer
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3-Chloro-4-((1-(3-(4-(dimethylamino)phenyl)triaz-2-en-1-yl)-1-

oxopropan-2-yl)oxy)benzenesulfonamide (a)

Chemical formula: C;7H,(N504SCI

Molecular weight: 455
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yl)-1-oxopropan-2-yl)oxy)benzenesulfonamide (b)
Chemical formula: C19H;7N405SCl
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5-(3-(2-(2-Chloro-4-sulfamoylphenoxy)propanoyl)triaz-1-en-1-
yl)-6-hydroxynaphthalene-2-sulfonic acid (c)

Chemical formula:C;gH;7N,4O4S,Cl

Molecular weight: 55g 5

Melting point: j35-137°C

Scheme 1 Samples under study (structure, molecular weight and
melting points)

at a flow rate of 100 mL min~' as well as the nitrogen for
purging the analysis room of the FTIR spectrophotometer.
The analysis was run with 10 mg sample placed into a
platinum crucible, at a heating rate of 10 K min~! within
the 30-900 °C temperature range. The DTG curves are
obtained by numerical derivation of the TG curves.

The qualitative identification of the gaseous species
resulting by thermal degradation was made with the IR
standard spectra.

Results and discussion

The TG, DTG, and DTA curves obtained with the com-
pounds under study in air and nitrogen atmosphere,
respectively, are depicted in Figs. la—c and 2a—c.

The TG, DTG, and DTA curves are indicative of a
complex and specific thermal degradation mechanism for
every sample. The samples show two ranges regarding the
thermal nature of the degradation processes: a slightly
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Fig. 1 a. TG, DTG, DTA, and Gram-Schmidt curves of the
compound a in air. b TG, DTG, DTA, and Gram—Schmidt curves
of the compound b in air. ¢ TG, DTG, DTA, and Gram—Schmidt
curves of the compound c¢ in air

endothermic domain between 30-350 °C and the other
strongly exothermic between 350—600 °C. The degradation
mechanism in nitrogen atmosphere (Fig. 2a—c) is noticed to
be similar to that in air within the endothermic domain, the
thermograms being identical over the 30-350 °C range
with every sample.

In air and in nitrogen, the compound a is degraded into
one stage within the endothermic domain, while two stages
not clearly separated are noticed for the compounds b and ¢
as expected due to their similar structures (Scheme 1).

In the first stage, the compounds under study show a
clear inflexion point at 239.02 °C (sample a), 175.69 °C
(sample b), 210.79 °C (sample c), respectively, and a
slightly endothermic process is evident in DTA suggesting
the splitting of similar bonds.

In the exothermic domain of the degradation in air the
DTG and DTA curves are not symmetrical. The inflexion
points are more marked with the sample ¢ which would be
indicative for this temperature range (350-600 °C) of
oxidations of the molecular residues resulting in the first

Temperature/°C

Fig. 2 aTG, DTG, DTA, and Gram—Schmidt curves of the compound
a in nitrogen atmosphere. b TG, DTG, DTA, and Gram-Schmidt
curves of the compound b in nitrogen atmosphere. ¢ TG, DTG, DTA,
and Gram—Schmidt curves of the compound ¢ in nitrogen atmosphere

domain, a process which develops gradually by strongly
exothermic reactions.

The endothermic degradation domain in air and in
nitrogen is preceded by a marked endothermic process
when the sample mass remains constant, which correspond
to the melting peak of the samples.

In Table 1, the characteristic amounts from TG-DTG-
DTA for the degradation in air and in nitrogen are given.

The data in Table 1 are indicative of a good agreement
between the melting points estimated from DTA [16] and
those resulting by the Boetius method (Scheme 1).

The initial thermal degradation temperatures from
TG-DTG, both in air and in nitrogen, are the same (Table 1)
and indicate the following thermal stability series:

c>b>a

by taking also the fact into account that

Tie) > Tiw) > Tia)

The thermal stability order of the compounds under
study is supported by their structure [17]. Thus, in case of
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Table 1 Characteristic amounts from TG-DTG-DTA analysis

Thermal method Temperature range Stage Characteristic temperatures Sample
a b c
TG-DTG 30-350 °C I Ti/°C Air 107.00 112.73 124.09
N, 109.63 111.19 121.58
Tin/°C Air 239.02 175.69 210.79
N, 241.35 170.0 209.23
Wonint% Air 5.62 5.87 4.93
N, 6.54 5.00 5.03
T,,/°C Air 315.30 229.24 271.94
N, 31291 227.46 273.98
Ty°C Air 374.05 281.62 284.02
N, 374.00 271.88 289.11
W% Air 77.62 54.96 27.51
N, 77.83 51.63 24.84
I Ti/°C Air - 281.62 284.02
N, - 271.88 289.11
Tw/°C Air - 317.18 314.00
N, - 316.48 317.43
Ti/°C Air - 364.36 390.82
N, - 364.29 393.98
W% Air - 20.88 35.75
N, - 26.31 43.45
350-600 °C 11 T;/°C Air 374.05 364.36 390.82
N, - - -
T,/°C Air 497.67 512.78 508.39
N, - - -
Ty°C Air 537.03 590.15 587.71
N, - - -
W% Air 22.38 21.46 32.80
N, - - -
Wi % Air 100.00 97.30 96.06
N, - - -
Residue % Air 0 2.7 3.95
N, - - -
DTA 100-370 °C (endothermic domain) Tiopire!°C Air 148.00 100.00 136.00
N, 139.50 100.00 136.00
Tmi/°C Air 314.46 228.50 274.23
N, 313.89 285.55 276.79
Ton/°C Air - 321.96 314.39
N, - 320.88 318.86
370-600 °C (exothermal domain) Ti/°C Air 371.74 365.00 379.64
N, - - -
Tind/°C Air - - 502.71
534.88
N, - - -
T/°C Air 497.83 512.61 508.26
N, - - -
Ti/°C Air 544.29 594.22 590.05
N, - - -

T; initial thermal degradation temperature, T}, inflexion point temperature, 7, temperature at the maximum degradation rate, 7 final thermal

degradation temperature, W.,% weight loss (%), Apra area of the DTA exothermic peak
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Scheme 2 First stage of R
degradation mechanism—
nitrogen elimination for the
samples a, b, and ¢

CHg
a. Ry=-Cl, Rp=—SO,NH,, R :—@—N\
1 2 2 2, M3 CH3

HQ

b. Ry=—Cl, Ry= ~SO,NH,, Ry = Q
" W,

¢. Ry=—Cl, Ry= —SO,NH,, Rg= O

these diazoaminoderivatives as also mentioned in our
previous studies, the nitrogen molecule is responsible for
the easiest possible fragmentation of the compounds a, b, ¢
as also confirmed by the TG-DTG analysis.

Under the assumption of the diazoaminoderivatives
decomposition starting with the nitrogen elimination, two
radical fragments (I and II) might occur (Scheme 2).

The three samples under study, a, b, and ¢, are noticed
to give the same radical fragment I which would suggest
that only the substitutes in the radical fragment II affect the
thermal stability expressed by the -C—N=N- bond strength.
Thus, the compounds b and ¢ contain in their structure the
—OH group in the ortho position with respect to the -C—
N = N- group (Scheme 1), that is a favorable position for
settling hydrogen bonds between the nitrogen atom and the
hydrogen in the phenol —OH group. Due to the hydrogen
bond, the nitrogen elimination is more difficult and that is
why the compounds b and ¢ show higher thermal stability
than a where such a hydrogen bond is missing. The
dimethylamino group, -N—(CH3),, in the radical fragment
II in the structure of the sample a has a strong electron-
releasing effect and the nitrogen elimination is thus easier
than from the compounds b and ¢ which are consequently
more stable.

The higher thermal stability of the compound ¢ in
comparison with b might be explained by the presence of
the electron-withdrawing —SOzH group in the compound c,
the radical fragment II, that contributes to the —C—N=N-
bond strengthening. Based on these considerations about
the structure of the compounds under study and the influ-
ence of the substitutes on the -C—N=N- bond the same
thermal stability order as found from TG-DTG can be
given as:

c>b>a
The data in Table | show that the temperatures

corresponding to the inflexion in the first stage in the
endothermic domain for degradation in both air and

SOgH

nitrogen atmosphere are about the same for the
investigated samples suggesting thus the same chemical
process to develop as results from TG at a weight loss
(W%) close to the theoretical one (Wex, %) for the nitrogen
elimination (Table 2).

The temperatures at the maximum degradation rate of
the samples degraded in air and in nitrogen within the
endothermic domain are the same for every sample and
different from one sample to another due to the different
substitutes in the radical II (Table 1).

In the exothermic domain for the degradation in air
(Scheme 3), the temperatures at the maximum degrada-
tion rate from DTG and DTA are close with all the
samples which would suggest an exothermic burning
reaction of some slightly different molecular fragments
(intermediates).

The same degradation mechanism from TG-DTG for
every compound in air and in nitrogen atmosphere in the
endothermic domain is also supported by the fact that the
weight losses in the endothermic domain in air (W, %
(endo)) and in nitrogen atmosphere (W., %) are close
(Table 3).

The TG-DTG-DTA analysis coupled with the FTIR
measurements made evident the Gram—Schmidt curves to be
identical for degradation in air, endothermic domain, and in
nitrogen atmosphere with every sample. The Gram—Schmidt

Table 2 Theoretical (W%) and experimental (W, %) weight losses
of the samples by nitrogen elimination at 7Tj,; °C (stage I), for the
degradation of the samples in air and in nitrogen

Sample Wtheoretical Wexperimemal
Air N2
a 6.58 5.62 6.54
b 6.22 5.87 5.00
5.29 4.93 5.03
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Scheme 3 a Degradation
mechanism in endothermic
domain, after nitrogen
elimination, and in exothermal
one for the sample a. b
Degradation mechanism in
endothermic domain, after
nitrogen elimination, and in
exothermal one for the sample
b. ¢ Degradation mechanism in
endothermic domain, after
nitrogen elimination, and in
exothermal one for the sample ¢
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Table 3 Weight losses in nitrogen atmosphere, W, % (N,), and in
air in the endothermic domain, W_,% (endo)

Sample W% (N,) W_ % (endo) air
a 77.83 77.62

77.94 75.84

68.29 63.26

curves for degradation in air are grouped into
two temperature domains corresponding to those from
TG-DTG-DTA analysis (Figs. 1a—c, 2a—)

By the FTIR analysis [18-22] of the gases resulting by
thermal degradation in air in the endothermic domain and
in nitrogen atmosphere and making use of the IR standard
spectra [23], the same gaseous species for the same sample
were identified and differences were noticed from one
sample to another. Thus,

e Sample a: gaseous species: N,, NHs, H,O, SO,, HCI,
HNCO, C,H,, C4H,

e Sample b: gaseous species: N,, NH;, H,O, SO,, CO,,
C,4H,, HC1

e Sample c¢: gaseous species: N,, NHiz, SO,, H,O,
CH,=NH, CO,, C,H,, HCI, HNCO, C4H,

The nitrogen eliminated at the degradation beginning in
both air and nitrogen atmosphere made evident by TG—
DTG (Table 2) cannot be detected by FTIR analysis due to
the high nitrogen content in both cases (in air: 70% N»).

It can be noticed that the nature of the gases resulting by
degradation is different from one sample to another which
makes evident the influence of the substitute nature on the
degradation mechanism.

In the exothermic domain, in case of the degradation in
air, the following gaseous components resulting by the
burning of the solid intermediates formed after the endo-
thermic degradation domain are identified: CO,, H,O,
SO,.

For exemplification (Figs. 3a, b), the FTIR spectra of the
gaseous species resulting by the thermal degradation of the
sample a in air and in nitrogen atmosphere at 20.1 min and
24.4 min are depicted:

The IR absorbances in function of temperature for the
identified gaseous species are depicted in Fig. 4.

The above-mentioned conclusions are also supported by
the 3D-FTIR spectra. The 3D-FTIR spectra of the samples,
for degradation in air and in nitrogen atmosphere, are
presented in Figs. 5a—c and 6a—c, respectively.

On the basis of the TG-FTIR analysis, correlated with
the compound structures, the most plausible mechanism of
thermal degradation in air and in nitrogen atmosphere
under the conditions of the TG analysis is given in
Scheme 3.
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Fig. 3 a FTIR spectrum for gaseous products evolving from sample a
(20.1 min). b FTIR spectrum for gaseous products evolving from
sample a (24.4 min)
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FTIR system (heating rate 10 °C min~'; N, flow rate 100 mL min™")
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0 Time/min 80

0 Time/min 80

6 Time/min 80

Fig. 5 a 3DFTIR spectra obtained for the thermal degradation of the
sample a in air. b 3DFTIR spectra obtained for the thermal
degradation of the sample b in air. ¢ 3DFTIR spectra obtained for
the thermal degradation of the sample ¢ in air

Conclusions
The comparative study on the thermal degradation in air
and in nitrogen atmosphere of three new diazoaminode-

rivatives by TG-FTIR analysis affords the following
conclusions:

@ Springer
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Fig. 6 a 3DFTIR spectra obtained for the thermal degradation of the
sample a in nitrogen atmosphere. b 3DFTIR spectra obtained for
the thermal degradation of the sample b in nitrogen atmosphere.
¢ 3DFTIR spectra obtained for the thermal degradation of the sample
¢ in nitrogen atmosphere

— The TG-DTG-DTA analysis of the compounds under
study is indicative of a complex and specific thermal
degradation mechanism in air where two domains are
to be found: an endothermic one identical to the case of
the degradation under nitrogen atmosphere and the
other exothermic which is not to be found with the
degradation under nitrogen atmosphere.

— The characteristic temperatures resulting from the TG—
DTG-DTA analysis are indicative of a good agreement
between the melting points from DTA and those
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measured by the Boetius method. The initial degrada-
tion temperatures afford the following order of thermal
stability sustained also by the chemical structure of the
compounds under consideration:

c>b>a

The degradation domains found by TG-DTG-DTA
analysis of the samples are in agreement with the
grouping of the spectra of the eliminated gaseous
species (Gram—Schmidt diagrams for degradations in
both air and nitrogen).

Based on the identification of the gaseous species
eliminated by thermal degradation in air and in nitrogen
atmosphere in the endothermic domain and in the
exothermic domain (degradation in air), as well as on
the TG-DTG-DTA analysis data, the most plausible
thermal degradation mechanism was advanced for the
compounds under study.

The degradation mechanism in air, in the endothermic
domain, was found to be identical to that under
nitrogen atmosphere.

The structure correlation with thermal stability and
degradation mechanism brings valuable information on
both the temperature range of using and storing these
compounds and the possible environmental impact of
the gaseous degradation products evolved when the
initial degradation temperature is exceeded.

References

. Odochian L, Mocanu AM, Moldoveanu C, Carja G, Oniscu C.
Study by thermal methods on some new hydrazinic complexes. J
Therm Anal Calorim. 2008;94:329-34.

. Mocanu AM, Odochian L, Carja G, Oniscu C. Study on thermal
behavior of some new diazoaminoderivatives. Roman Biotechnol
Lett. 2008;13(6):3990-8.

. Mocanu AM, Odochian L, Moldoveanu C, Carja G, Oniscu C.
Study by thermal methods on some new hydrazinic complexes.
Rev Chim. 2009;60:928-33.

. Mocanu AM, Odochian L, Apostolescu N, Moldoveanu C. TG-
FTIR study on thermal degradation in air of some new dia-
zoaminoderivatives. J Therm Anal Calorim. 2010;100:615-22.
doi:10.1007/s10973-009-0005-8.

. L. Odochian, M. Dumitras, Teoria cinetica si mecanismul reac-
tiilor in lant. I Reactii in lant simplu, Ed. Matrix ROM, Bucuresti;
2003. p. 38.

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

. Diaz JA, Vega S, Expodsito MA, Sanchez Mateo CC, Darias V.

Synthesis and antidepressant evaluation of new hetero[2, 1]ben-
zothiazepine derivatives. Arch Pharm. 1996;329(7):352-60.

. Hollay KL, Kookana RS, Noy DM, Smith JG, Wilhelm N. Per-

sistence and leaching of sulfonylurea herbicides over a 4-year
period in the highly alkaline soils of south-eastern Australia. Aust
J Exp Agric. 2006;46(8):1069-76.

. Hollay KL, Kookana RS, Noy DM, Smith JG, Wilhelm N. Per-

sistence and leaching of imazethapyr and flumetsulam herbicides
over a 4-year period in the highly alkaline soils of south-eastern
Australia. Aust J Exp Agric. 2006;46(5):669-74.

. Strebe AT, Talbert ER. Sorption and mobility of flumetsulam in

several soils. Weed Sci. 2001;49(6):806—13.

Jabusch TW, Tjeerdema RS. Partitioning of penoxsulam, a new
sulfonamide herbicide. J Agric Food Chem. 2005;53:7179-83.
Odochian L. Study of the nature of the crystallization water in
some magnesium hydrates by thermal methods. J] Therm Anal
Calorim. 1995;45(6):1437-48.

Odochian L, Dulman V, Dumitras M, Pui A. Study by thermal
methods on the materials obtained by dye removal from waste
waters with beech flour. J Therm Anal Calorim. 2007;89(2):625—
31.

Dumitras M, Odochian L. Study on the influence of PTFE particle
size on the polymer thermal behavior: 1. Melting. J Therm Anal
Calorim. 2002;69(2):599-606.

Jie L, Yuwen L, Jiugyan S, Zhiyoug W, Ling H, Xi Y, Cunxin W.
The investigation of thermal decomposition pathways of phen-
ylalanine and tyrosine by TG-FTIR. Thermochim Acta.
2008;467(1-2):20-9.

Chuang FS. Analysis of thermal degradation of diacetylene-
containing polyurethane copolymers. Polym Degrad Stab.
2007;92(7):1393-407.

. Barrall EM. Precise determination of melting and boiling points

by differential thermal analysis and differential scanning calo-
rimetry. Thermochim Acta. 1973;5(4):377-89.

Nenitescu CD (ed). Chimie organica, vol 1. Bucuresti: Didactica
si Pedagogica; 1974. p. 584, 601.

Whitely N, Ozao R, Cao Y, Pan WP. Multi-utilization of chicken
litter as a biomass source. Part II. Pyrolisis. Energy Fuels.
2006;20:2666-2671.

Pawlowski KH. Wirkungsmechanismen von Bisphenol-A-
bis(diphenylphosphat) als Flammschutzmittel in Polycarbonat/
Acrylnitril-Butadien-Styrol-Copolymerisat. BAM-Disserta-
tionsreihe Band 33, Berlin; 2008 (ISBN 978-3-9812072-3-1).
Schonherr R. TG-FTIR Atlas Elastomere. D-Burgdorf: Verlag
W.KSchonherr; 1996.

Walter D, Buxbaum G, Laqua W. The mechanism of the thermal
transformation from goethite to hematite. J] Therm Anal Calorim.
2001;63(3):733-48.

Opfermann JR. Kinetic analysis using multivariate non-linear
regression. 1. Basic concepts. J Therm Anal Calorim. 2000;60(2):
641-58.

NIST Chemistry Webbook. 2005. NIST Standard Reference
Database number 69. http://webbook.nist.gov/chemistry.

@ Springer


http://dx.doi.org/10.1007/s10973-009-0005-8
http://webbook.nist.gov/chemistry

	Comparative study on thermal degradation of some new diazoaminoderivatives under air and nitrogen atmospheres
	Abstract
	Introduction
	Experimental
	Materials
	Methods

	Results and discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


