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Abstract—The thermal decomposition reactions of aliphatic peroxy acids containing from 8 to 16 carbon
atoms in a molecule were studied. It was found that the carbon radical length had no effect on the thermal
stability of peroxide groups. The apparent rate constants of thermolysis of peroxydecanoic acid in various sol-
vents and the activation energies of the test reaction were found. The thermal degradation of peroxy acids
involved secondary reactions of induced chain degradation in addition to the primary homolysis of the per-
oxide group. The rate constants of induced chain degradation were found.
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INTRODUCTION

Organic peroxy acids are commonly used as oxidiz-
ing agents in many processes [1, 2]. Aliphatic peroxy
acids can be successfully applied to modify polymers
[3]; they are also intermediates in the synthesis of per-
oxide initiators for radical processes. Both in a pure
form and in solutions, peroxy acids can simulta-
neously undergo decomposition by several mecha-
nisms. Transition metal ions cause the intense degra-
dation of peroxy acids [4, 5]. In water-containing
solutions, the hydrolysis reaction can occur, in the
course of which hydrogen peroxide and a correspond-
ing carboxylic acid are formed [6]. The thermal degra-
dation reactions of peroxy acids are not clearly under-
stood, and available data are incomplete and contra-
dictory [7, 8]. Here, we report the results of a study on
the thermal decomposition of higher aliphatic peroxy
acids in various organic solvents. These results can be
useful in studying oxidation processes occurring at
various temperatures and accompanied by the thermal
degradation of an oxidizing agent.

EXPERIMENTAL

Aliphatic peroxy acids were prepared by the inter-
action of a corresponding carboxylic acid with hydro-
gen peroxide in a sulfuric acid solution [9]. The syn-
thesized products were repeatedly recrystallized from
hexane. Peroxy acid samples of 99% purity or greater;
the main impurities were the corresponding carboxylic
acids. The following peroxy acids were prepared and
characterized in this study: peroxyoctanoic (Cg), per-
oxynonanoic (Cy), peroxydecanoic (C,,), peroxylau-
ric (Cyp), peroxytridecanoic (C,3), peroxytetrade-
canoic (C,4), peroxypentadecanoic (C,;s), and peroxy-
palmitic (C,¢) acids. All of the solvents were purified in
accordance with published procedures [10, 11] and
distilled in an atmosphere of argon. The thermal deg-
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radation constants of the test peroxy acids were deter-
mined over the temperature range of 358—393 K.

An ampoule procedure was used to find the rate
constants of thermolysis of peroxy acids. A peroxy acid
solution with a specified concentration was placed in a
glass ampoule and purged with argon, and the
ampoule was sealed. Thereafter, the ampoule was
transferred to a thermostat, in which the temperature
was maintained to within +0.05 K. After a certain
lapse of time, the ampoule was removed from the ther-
mostat, sharply cooled, and opened; the contents were
analyzed by iodometry to determine peroxy acid con-
centration [12].

Thermogravimetric analysis was performed on a
Derivatograph Q-1500 D instrument at a sample heat-
ing rate of 5 K/min. The thermal degradation of per-
oxy acids was performed in ceramic crucibles. Before
heating, the samples of peroxy acids were mixed with
highly dispersed Al,O5.

RESULTS AND DISCUSSION

The test peroxy acids began to decompose at a
noticeable rate in the used solvents at temperatures
higher than 358 K. Their thermal degradation was
adequately described by a first-order reaction rate
equation. In this case, the results obtained in the
course of a process performed in toluene suggest that
the hydrocarbon radical length had almost no effect on
the apparent rate constant k,,, (Table 1). The numeri-
cal values of apparent activation energies (E,) were
calculated from the temperature dependences of k,;
these values were similar for all of the test peroxy acids,
and they varied from 95 to 116 kJ/mol (Table 1). Note
that the values of E, for peroxy acids containing even
numbers of carbon atoms in a molecule were some-
what lower than those for peroxy acids with odd num-
bers of C atoms (Table 1). The numerical values of E,
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Table 1. Apparent rate constants and activation energies of the thermolysis of aliphatic peroxy acids in toluene

kapp % 103, 57!
Peroxy acid Temperature, K FE,, kJ/mol
358 363 368 373 378 383
Cqg - 6.32 9.83 14.5 23.1 34.4 99
C 3.18 4.89 7.65 13.1 23.8 33.6 112
Cio 3.92 6.79 10.6 15.8 24.9 33.7 96
Ch - - 8.78 15.2 25.3 34.0 109
Cis 2.77 4.73 7.69 13.0 23.1 35.4 116
Cus — 6.40 10.0 14.7 23.4 32.3 95
Cis — 5.66 8.96 14.2 20.6 32.5 104
Cis - - 10.2 14.2 23.9 34.1 96

Note: Initial peroxy acid concentration: 0.05 mol/l. The error in the determination of E, was =5 kJ/mol, and the values of k.

measured to within 3%.

suggest that, evidently, the thermolysis of peroxy acids
in toluene occurred by a radical mechanism. It was
found [13, 14] that the thermal degradation of peroxy-
benzoic and peroxyacetic acids in hydrocarbon sol-
vents occurred by a homolytic mechanism and E, =
125 kJ/mol. Levush et al. [15] studied the decomposi-
tion of low-molecular-weight peroxy acids in a gas
phase and found that the overall reaction involved both
homogeneous and heterogeneous degradation. The
activation energy of a homogeneous process varied
from 118.6 to 138.6 kJ/mol.

In(Co/C)
2.0

60 80

| |
100 120
tx 1072, s

40

Fig. 1. Kinetic curves of the thermal degradation of C,, at
383 K. Solvents: (/) chlorobenzene, (2) benzene,
(3) dichloroethane, (4) acetic acid, (5) toluene, (6) ace-
tone, (7) dioxane, and (&) decane. Initial C,, concentra-
tion: 0.05 mol/I1.

app WeTe

We studied the effect of a reaction medium on the
rate of thermal degradation of peroxy acids with the
use of 13 solvents of different nature. The thermal deg-
radation of C,; in the test solvents was adequately
described by first-order reaction rate equation (Fig. 1).
In the In(C,/C,) — t coordinates (¢ is reaction time), the
kinetic curves remained linear to high degrees of con-
version. The apparent rate constants (k,,,) were deter-
mined at the initial stages of C,;, decomposition in the
test solvents at various temperatures (Table 2). At
373 K, the thermal degradation of peroxy acids
occurred at the lowest rate in benzene, whereas the
rate of the process in dimethylformamide (DMF) was
higher by a factor of about 140. The apparent activa-
tion energies of the process and the activation param-
eters of the test reaction were determined from the
temperature dependences of the overall rate constants
of the thermal degradation of peroxy acids (Table 3).
The numerical values of E, varied from 55 to
119 kJ/mol. The comparatively low values of E, in ace-
tone, DME, and chloroform can suggest a contribu-
tion from the bimolecular reaction of a peroxy acid
with a solvent to the overall decomposition process.
The possibility of this reaction occurring in DMF was
found by polarography and calorimetry [16]. Because
the overall rate constants of degradation of peroxy
acids in toluene were almost independent of the length
of a hydrocarbon radical, it is believed that this behav-
ior will be also observed in other solvents.

Table 3 summarizes the parameters AH*, AS*, and
AG* corresponding to a transition state. The numerical
values of AH* varied from 51.8 to 115.8 kJ/mol,
whereas the values of AS* can be not only positive but
also negative. The values of AG* varied to a lesser
extent and fell within the range of 65.5—76.6 kJ/mol.
There is a linear correlation between the parameters
AH” and AS” (Table 3); that is, a compensation effect
was observed under conditions of our experiments.
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Table 2. Apparent rate constants and activation energies of the thermolysis of C,, in various solvents
Kapp % 10°,s7!
Solvent Temperature, K E,, kJ/mol
363 368 373 378 383 387 393

Chlorobenzene — — 1.20 1.84 2.86 4.17 6.23 101
Benzene - - 1.01 2.31 5.33 8.52 12.3 104
Tetrachloromethane - - 4.30 6.23 8.15 12.5 16.9 85
Dichloroethane — - 8.16 11.8 15.5 25.5 35.3 86
Chloroform — - 12.5 16.6 20.5 29.1 37.8 67
Acetic acid 5.97 7.73 11.6 15.8 22.8 - 39.6 70
Toluene 6.79 10.6 15.8 24.9 33.7 — 68.4 96
Ethyl acetate 6.43 11.0 20.0 33.4 52.9 — - 119
Acetone 20.3 28.9 37.5 45.5 53.4 — — 55
Dioxane 9.16 14.6 25.5 41.3 67.7 — — 118
Decane 11.9 20.7 35.9 51.9 81.4 — — 104
DMF 68.5 104 138 176 - — — 57
Nitrobenzene 4.22 8.52 12.5 24.6 37.0 — — 100

Note: Initial peroxy acid concentration: 0.05 mol/I. The error in the determination of £; was £5 kJ/mol, and the values of k,,, were measured

to within 3%.

Table 3. Activation parameters of the reaction of C;, thermolysis in various solvents at 383 K

Solvent Kapp % 105, s7! E,, kJ/mol AH*, kJ/mol AS*, T mol~' K~! AG*, kJ/mol
Chlorobenzene 2.86 101 97.8 54.4 76.6
Benzene 5.33 104 100.8 67.6 74.6
Tetrachloromethane 8.15 85 81.8 21.8 73.2
Dichloroethane 15.5 86 82.8 30.8 71.2
Chloroform 20.5 67 63.8 —17.5 73.5
Acetic acid 22.8 70 66.8 -8.0 70.1
Toluene 33.7 96 92.8 61.6 68.7
Ethyl acetate 52.9 119 115.8 127.6 70.5
Acetone 53.4 55 51.8 —40.4 70.5
Dioxane 67.7 118 114.8 127.2 69.7
Decane 81.4 104 100.8 90.3 69.7
DMF 138* 57 53.8 —-23.0 65.5
Nitrobenzene 37.0 100 96.8 74.1 68.4
* Temperature: 373 K.

The occurrence of this effect suggests a complex char-  stant k,,, increased by a factor of 2.3. The same

acter of the influence of a solvent on the thermal
decomposition reaction of a peroxy acid. The isoki-
netic temperature found from the slope of the AH* =
f(AS?) function is 417 £ 15 K, which is somewhat
higher than the temperature of our experiments.

The experimental results suggest that the primary
reaction of C,, homolytic degradation was compli-
cated by induced chain decomposition processes. This
conclusion was supported by the results of a study on
the effect of the initial peroxy acid concentration in a
toluene solution at 373, 383, and 393 K on the numer-
ical value of k,,, (Fig. 2). The increase in the concen-
tration of C,; in toluene from 0.01 to 0.2 mol/I resulted
in an increase in k,,,. For example, at 373 K, the con-
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increase in the concentration of C,, in decane resulted
in an increase in ,,, from 16.3 x 107 to 61.9 x 10— s7".
In the reaction performed in dioxane, the overall rate
constant of thermolysis at the same change in the con-
centration of C,, increased to a lesser extent, namely,

from 20.5 x 107 t0 37.7 x 107> s~

The overall reaction of the thermal decomposition
of peroxy acids in solutions can be described by the
well-known equation

dC

~9C — k,C+ ki, (1)
dr

where k is the rate constant of the primary homolytic
degradation, k; is the rate constant of induced chain
decomposition, C is the peroxy acid concentration,
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Fig. 2. Dependence of the apparent rate constants of Cy
thermolysis in toluene on the initial peroxy acid concen-
tration at temperatures of (/) 373, (2) 383, and (3) 393 K.

and n is the order of induced chain decomposition
reaction. Equation (1) can be easily transformed to the
following form, which is suitable for calculating the
numerical values of k; and #:

In(k,,, — ko) = Ink; + (n — 1)InC. 2)
The dependence of In(k,,, — ky) on InC is linear
(Fig. 3). Its slope is (n — 1), and the intercept on the
axis of ordinates is Ink;. The numerical values of k;
were found by extrapolating k,,, to the zero concen-
tration of peroxy acids (Fig. 2). Table 4 summarizes
the reaction parameters of induced C,, degradation in
toluene, decane, acetic acid, and dioxane. The
numerical values of # in the test solvents were close and
fell within a range from 1.70 to 1.84. The rate constants of
primary homolytic degradation of C,jat 373 K increased
in the order acetic acid < toluene < decane < dioxane
from 3.40 x 1073 to 18.3 x 107> s~! (Table 4). The rate
constants of induced chain degradation k; in acetic
acid, toluene, and dioxane were almost the same; this
fact suggests the similarity of decomposition mecha-
nisms in these solvents. The numerical value of k; in
decane was higher than that in toluene, acetic acid, or

Table 4. Kinetic parameters of the induced degradation of
C,( in various solvents

5 4
Solvent Tfél;g elr<a - | ko :,110 ’ 11/;())(1*1 10 e n
Toluene 373 8.80 5.99 1.79
Toluene 383 19.2 12.3 1.77
Toluene 393 40.4 26.1 1.84
Acetic acid 373 3.40 6.11 1.70
Decane 373 12.0 20.3 1.80
Dioxane 373 18.3 5.53 1.70
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Fig. 3. Dependences of In (k,
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at 373 K.

— kp) on InC obtained in a

7 decane and (2) acetic acid

dioxane by a factor of about 4. The activation energy of
the process was calculated from the temperature
dependence of k; constants; it was found somewhat
lower than the apparent values of E, (Table 1) and
equal to 90.1 kJ/mol.

The thermolysis of peroxy acids in the absence of a
solvent came into play at 323—333 K. As the reaction
in solution, this process can be described by a first-
order reaction rate equation. The following apparent
rate constants of C,, thermal degradation in the
absence of a solvent were obtained:

338 343 348
324 482 17.71

353
11.9

358 363
18.5 27.8

Temperature, K
Kapp % 10°, 57!

The total activation energy of the C,, thermolysis
process in the absence of a solvent was calculated from

the temperature dependence of k,,,; it was 87 kJ/mol.

Aliphatic peroxy acids have a crystal structure. Thus,
the C, acid forms crystals that belong to the P2, /c struc-
tural class, Z = 4(1). In this case, intermolecular
hydrogen bonds are formed between peroxy acid mol-
ecules; the bond length is 2.74 A [17]. In a melt, the
crystal state was partially retained; in the thermal
decomposition of peroxy acids, this facilitated a high
contribution of induced degradation reactions to the
overall process.

The results of thermal analysis suggest that the
thermal degradation of the test peroxy acids in a mol-
ten state came into play at 320—328 K. The melting
temperature of C,, is 317 K [6]. Figure 4 shows the
thermogravimetric (TG) and differential thermogravi-
metric (DTG) curves obtained in the thermal analysis
of a sample of C,, mixed with Al,O,. We failed to per-
form this analysis without the use of Al,O; because the
degradation of the peroxy acid in the absence of a fill-
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Fig. 4. (1) TG and (2) DTG curves of a sample of C,in a
mixture with Al,O3. Heating rate: 5 K/min.

ing agent occurs uncontrollably and the results are
irreproducible. As judged from the experimental data,
the degradation of the peroxy acid occurred in two
steps. At the first step over the temperature range of
323—373 K, the degradation of the peroxide groups of
peroxy acid molecules occurred; in the course of this
degradation, volatile low-molecular-weight products
were formed. At this step, the change in the sample
weight was 9—10%. The results of the thermal analysis
are consistent with kinetic data obtained in the study
of C,, degradation in a molten state (see above),
according to which the degradation occurred over the
temperature range of 338—363 K. At the second step,
which corresponds to a maximum in the DTG curve
over the range of 413—483 K, the degradation of high-
molecular-weight products, which were formed at the
first step and adsorbed on the surface of Al,O;,
occurred. We calculated the activation energy and the
order of reaction # for the first step of C,, thermal deg-
radation using the Freeman—Carol method [18]. The
numerical value of E, is 53 £+ 7.0 kJ/mol, which is some-
what lower than the corresponding value obtained under
isothermal conditions using an ampoule procedure. The
order of reaction #is 0.45 £ 0.07. It is likely that the sur-
face of the Al,O; filling agent had a considerable effect
on the values of E, and » in thermal analysis experi-
ments.

KINETICS AND CATALYSIS Ml. 52  No.3 2011

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

REFERENCES

Prilezhaeva, E.N., Reaktsiya Prilezhaeva: Elektrofil’noe
okislenie (Prileschajew Reaction: Electrophilic Oxida-
tion), Moscow: Nauka, 1974.

. Haines, A., Methods for the Oxidation of Organic Com-

pounds, London: Academic, 1988.

. Dutka, V.S., Derkach, Yu.V., and Sikhovskaya, N.M.,

Ukr. Khim. Zh., 2008, vol. 74, no. 12, p. 113.

. Levush, S.S., Garbuzyuk, I.A., and Yatsyk, A.N., Ukr.

Khim. Zh., 1985, vol. 51, no. 4, p. 376.

. Kapustin, A.E., Egorenkov, A.A., and Mil’ko, S.B., Zh.

Fiz. Khim., 1990, vol. 64, no. 11, p. 3093.

. Antonovskii, V.L., Organicheskie perekisnye initsiatory

(Organic Peroxide Initiators), Moscow: Khimiya,
1972.

. Antonovskii, V.L. and Khursan, S.L., Usp. Khim., 2003,

vol. 72, no. 11, p. 1055.

. Ariko, N.G., Kornilova, N.N., and Mitskevich, N.I.,

Kinet. Katal., 1985, vol. 26, no. 2, p. 282.

. Parker, W.E., Riccuti, C., Ogg, C.L., and Swern, D.,

J. Am. Chem. Soc., 1955, vol. 77, no. 15, p. 4037.

Weissberger, A., Proskauer, E.S., Riddick, J.A., and
Toops, E.E., Technics of Organic Chemistry, vol. 7:
Organic Solvents: Physical Properties and Methods of
Purification, New York: Wiley, 1955.

Gordon, A.J. and Ford, R.A., A Handbook of Practical
Data, Techniques, and References, New York: Wiley,
1972.

Antonovskii, V.L. and Buzlanova, M.M., Anal-
iticheskaya khimiya organicheskikh peroksidnykh
soedinenii (Analytical Chemistry of Organic Peroxide
Compounds), Moscow: Khimiya, 1978.

Sorba, J., Fossey, J., Nedelec, J.Y., and Lefoort, D.,
Tetrahedron, 1979, vol. 35, no. 12, p. 1826.

Cohen, S.R. and Edwards, J.O., J. Phys. Chem., 1960,
vol. 64, no. 8, p. 1086.

Levush, S.S., Prisyazhnyuk, Z.P., and Koval’skaya, A.M.,
Kinet. Katal., 1983, vol. 24, no. 6, p. 1294.

Felitsin, N.M., Dutka, V.S., Kovbuz, M.A., and Gor-
bachevskaya, K.R., Ukr. Khim. Zh., 1995, vol. 61, no. 8,
p- 80.

Kitaigorodskii, A.I., Zorkii, PM., and Bel’skii, V.K.,
Stroenie organicheskogo veshchestva. Dannye struk-
turnykh issledovanii 1929—1970 gg. (Structure of
Organic Matter: Structural Data of the 1929—1970s),
Moscow: Nauka, 1980.

Praktikum po khimii i fizike polimerov (Polymer Chem-

istry and Physics: A Practical Course), Kurenkov, V.E,
Ed., Moscow: Khimiya, 1990, p. 254.




<<
  /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 /Warning
  /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


