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Abstract The temperature dependence of rate coefficient k is usually described
by the Arrhenius expression Ink = In A — (E/R)T ~!. Chemical kinetics databases
contain the recommended values of Arrhenius parameters A and E, the uncertainty
parameter f(T) of the rate coefficient and temperature range of validity of this infor-
mation. Taking In k as a random variable with known normal distribution at two
temperatures, the corresponding uncertainty of In k at other temperatures was calcu-
lated. An algorithm is provided for the generation of the histogram of the transformed
Arrhenius parameters In A and E/R, which is in accordance with their 2D normal
probability density function (pdf). The upper and the lower edges of the 1D normal
distribution of In k correspond to the two opposite edge regions of the 2D pdf of
the transformed Arrhenius parameters. Changing the temperature, these edge regions
move around the 2D cone. The rate parameters and uncertainty data belonging to
reactions H + H,O> = HO;, + H, and O + HO> = OH + O, were used as examples.
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1 Introduction

The temperature dependence of rate coefficient k is usually described by the Arrhenius
equation k(T) = A exp(—E/RT), where T is the temperature in Kelvin, R is the gas
constant and temperature independent parameters A and E are called the preexponen-
tial factor and the activation energy, respectively. The Arrhenius equation is frequently
used in the following transformed form:

E__
Ink=InA—=T (1)
R

According to Eq. (1), In k is a linear function of 7~! and the In k versus T ! repre-
sentation is called the Arrhenius plot. The traditional Arrhenius equation (1) is used
in liquid phase kinetics and in atmospehric chemistry. In combustion kinetics fur-
ther expressions, not be discussed here, are also used [1] to describe the temperature
dependence of the rate coefficient.

The chemical kinetic databases for each elementary reaction provide the chemical
equation, the Arrhenius parameters, and the temperature range, in which the recom-
mendation is valid. In the kinetics of gas phase reactions, application of an uncertainty
parameter is common that characterizes the uncertainty of rate coefficient k in this
temperature interval. In general, the uncertainty parameter f(7') is a function of tem-
perature. Uncertainty parameter f; of reaction j is usually defined [2] in the following

way:
i KO\, (5D .
fi = 10810 —k;.nin(T) = 10819 —k(;(T) )

where k? is the recommended value of the rate coefficient calculated from the listed
Arrhenius parameters A} and EY using equation k)(T) = A%exp (—E?/RT),
while k‘J?“i"(T) and k;?“ax(T) are the possible extreme values of k; at temperature T'.

Rate coefficients outside the [k;.ni“(T), k;.nax(T)] interval are considered to be highly
improbable. It is usually assumed that the minimum and maximum values of the
rate coefficients correspond to 30 deviations [3—8] or 20 deviations [9,10] from the
recommended values on a logarithmic scale, thus uncertainty f can be converted [4]
at a given temperature 7 to the variance of In k using equation

. 2
o (In (k;j(T))) = (M) , A3)

n

where n = 3 or 2, respectively. Usually normal distribution is assumed [3-10] for
parameter In k, truncated at the kM and kMAX yalyes.

When the Arrhenius parameters are determined from chemical kinetics measure-
ments, the experimental data allow the determination of the uncertainty of these param-
eters. This topic has been discussed in the classic articles of Cvetanovi¢ et al. [11-13].
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A numerical study of the uncertainties of Arrhenius parameters has been carried out
by Héberger et al. [14]. They stated that the Arrhenius parameters calculated from
rate coefficients are highly correlated and this correlation should be characterized by
a correlation matrix. Estimation of Arrhenius parameters A and E using the logarith-
mic form (1) of the Arrhenius equation was investigated by Klicka and Kubacek [15],
and by Sundberg [16], based on different assumptions for the errors of the measured
rate coefficients. Rodriguez-Aragén and Loépez-Fidalgo [17] discussed the determi-
nation of the Arrhenius parameters from the point of view of experimental design
theory. Schwaab and his coworkers [18,19] studied the question of the selection of the
optimum reference temperature to decrease the correlation between the parameters
of the reparameterized Arrhenius equation. Najm et al. [20] calculated the Arrhenius
parameters of a single-step global reaction for the ignition of methane from simulated
methane concentration—time data with added Gaussian noise. They found that the
joint probability density function (pdf) of the transformed Arrhenius parameters In A
and In E was almost of a 2D normal distribution.

In all articles listed in the previous paragraph, the uncertainty of the Arrhenius
parameters was calculated from real or simulated experimental data. An entirely dif-
ferent approach is the investigation of the relation between the uncertainty of rate coef-
ficient k and the uncertainty of the Arrhenius parameters. Nagy and Turdnyi recently
published an article [1] in which an equation is derived that relates the temperature
dependent variance of In k and the covariance matrix of the Arrhenius parameters.
They stated that if the Arrhenius parameters of Eq. (1) have temperature indepen-
dent 2D joint normal distribution, then Ink has temperature dependent 1D normal
distribution at each temperature, and random variables In k(7") are uncorrelated at not
more than two temperatures. If In k(7') is a random variable having such a feature,
then the corresponding 2D normal distribution of the Arrhenius parameters can be
unambiguously determined.

The present article is a kind of continuation of the paper of Nagy and Turdnyi
[1]. Random In k values were generated at two temperatures, and using Arrhenius
equation (1), the corresponding random In k values were calculated at other tempera-
tures. An algorithm is presented to calculate the histogram of the Arrhenius parameters
starting from the uncertainty information for In k. The features of the histograms of
these random variables were analyzed. In all calculations, rate parameters and uncer-
tainty data taken from the latest review of Baulch et al. [2] were used. The data for the
two investigated reactions are listed in Table 1.

Table 1 Data of reactions used as examples

Ag In(Ag) Eo/R T T» Uncertainty parameter

Unit s~ lem3mole™! - K K K -

Rl H+Hy0p =HOp +Hy 1.69 x 10'2 2816 +1,890 280 1,000 f = 0.5(T = 280 — 1,000K)

R2 O+HO, =OH+0, 1.63x 1013 3042 —224 220 1,000 f = 0.1 at 220K rising to
f=05at 1,000K

The Arrhenius parameters and the uncertainty data are assumed to be valid in temperature range [77, 7>]
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2 Case 1: equal uncertainty of the rate coefficient is defined
at two temperatures

The two parameters of the Arrhenius equation is determined if the values of the rate
coefficient are known at two different temperatures. Consequently, if these rate coeffi-
cients are independent random variables, then the Arrhenius parameters will be random
parameters and the rate coefficient values calculated at other temperatures will not be
independent random variables. This situation is investigated in this section.

The following algorithm considers the uncertainty of the rate coefficient k at two
temperatures. The variance of the rate coefficient was calculated from the uncertainty
parameter f using Eq. (3) with parameter n = 3, and normal distribution was assumed,
which was truncated at +3c.

1. Generation of m pairs of random points In k(77) and In k(7>) independently
from each other having uncertainty f(77) and f(75) at temperatures 77 and 7>,
respectively.

2. The Arrhenius parameters were calculated using Eq. (1) for each pair of In k
points.

3. Ataselected T, m values of In k(T') are calculated from the (In A, E/R) pairs
obtained in the previous step.

For many reactions, the chemical kinetic databases define a temperature indepen-
dent uncertainty parameter. For example, the uncertainty of the rate coefficient of
reaction R1 (H + H,O> = HO; + Hj) is considered constant f = 0.5 by Baulch
et al. [2] in the temperature interval of evaluation. (see Table 1). In our calculations,
m = 108 pairs of rate coefficients were generated at temperatures 280K and 1,000 K
independently of each other and the corresponding transformed Arrhenius parameters
were determined. The question is if the In k values calculated at mid temperatures in
step 3 also have a normal distribution and what is the variance that belongs to In k at
this temperature?

Figure 1 shows the histogram of the In k values calculated at 7 = 450 K. The
histogram clearly corresponds to a normal distribution. It has been expected since
a linear combination of two random variables having normal distribution is also of
normal distribution [21] and the In k(450 K) values were obtained via multiplications
and additions from the In £(280K) and the In k(1,000 K) values using Eq. (1).

The calculated empirical standard deviation of In k at 450K was o (In k) = 0.275.
The corresponding uncertainty parameter, obtained from Eq. (3), is f = 0.3587,
which is less than the f = 0.50 value used at the extreme temperatures. In a simi-
lar way, uncertainty f was calculated for the whole temperature interval and Fig. 2
shows f as a function of temperature. As expected, f is equal to 0.50 at 77 = 280K
and at 7> = 1,000 K, but it is always lower at mid-temperatures. The lowest value is
f = 0.355 at temperature 7 = 440 K. This result is in accordance with the align-
ment of the random In k(7") lines on an Arrhenius plot, when both In A and E/R has
uncertainty. Figure 3 that shows ten randomly selected In k functions belonging to
ten different (In A, E/R) pairs, using an Arrhenius plot. Many lines cross each other,
therefore the variance of In k should be smaller at mid-temperatures.
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Fig. 1 The histogram of the In k values calculated at 7 = 450 K for reaction R1. The line is the fitted
Gaussian function
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Fig.2 Temperature dependence of uncertainty parameter f, calculated from the random pairs of Arrhenius
coefficients for reaction R1 (Case 1)

The conclusion is that if at temperatures 77 and 73 the rate parameters have identi-
cal uncertainty and are sampled independently, then the uncertainty of In &, calculated
from the uncertainty of the Arrhenius parameters, is smaller at middle temperatures.

An alternative approach is to change In k at both extreme temperatures using the
same random multiplication factor. The values of this factor are selected in such
a way to reproduce the assumed In k distribution at both temperatures. As Fig. 4
shows, the corresponding In & lines are parallel, indicating that all random pairs of rate
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Fig. 3 Arrhenius plot of the rate coefficient—temperature functions, obtained from n = 10 random (In
A, E/R) pairs (Case 1)
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Fig.4 Arrhenius plot of the rate coefficient—temperature functions, obtained from fully correlated In(ky)
and In(k7) values of reaction R1

coefficients result in identical E/R, but different In A. Thus, the variance of In k is
identical in the whole temperature range, it is equal to the variance of In A, and the
value of E/R does not have uncertainty. This is a physically not realistic scenario,
since the activation energy of reactions cannot be known without uncertainty.
Several conclusions can be obtained from the calculations presented in this section.
If the random In k values are sampled independently, this determines the distribution
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of the Arrhenius parameters and also the uncertainty of In k at other temperatures.
Knowing the probability density function of In & at two different temperatures is not
enough for the characterization of the uncertainty of the Arrhenius parameters; the cor-
relation of random variables In k(7 ) and In k(7%) also has to be known. A temperature
independent uncertainty parameter of In k is possible only if the activation energy is
known with full certainty, which is physically not possible. These conclusions are in
accordance with the results of Nagy and Turdnyi [1] obtained in a different way.

3 Case 2: uncertainty of the rate coefficient is monotonically changing
with temparature

One of the results of the calculations presented in the previous section is that the
geometry of the Arrhenius plot implies that if the random In & values are indepen-
dent at the extreme temperatures, then the f(7') function will have a minimum at a
mid temperature. The following algorithm is suggested that produces monotonically
increasing or decreasing f(7") function between two selected temperatures. Accord-
ing to the review of Baulch et al. [2], this type of uncertainty—temperature function is
characteristic for many reactions. Usually the room temperature measurements have
low uncertainty, while at higher temperatures the experimental methodology is more
difficult and therefore fi < f, if T < T5. In the opposite case the algorithm below
is still applicable by reversing the role of 77 and 75.

Assume that recommended Arrhenius parameters A and E° are available
from a database in temperature interval [77, 7>] and uncertainty parameters fi and
f2(f1 < f») are known at temperatures 77 and 75, respectively. The algorithm consists
of the following steps:

1. Selection of temperature Ty and a corresponding uncertainty fo(7p < 77 and
fo < f1). Generation of m pairs of random rate coefficient points In k(7p) and
In k(T3) that belong to temperatures Ty and 7> by assuming independent normal
distribution for In k (truncated at +3¢°), using variance o belonging to uncertainty
parameters fy and f;, respectively.

2. Calculation of Arrhenius parameters In A and E/R from each pair of (Ink(7p),
In k(7)) points. The obtained m pairs of (In A, E/R) values are used for a sta-
tistical characterization of the (In A, E/R) distribution.

3. Optimization of temperature 7p to achieve that f(77) calculated from the
(In A, E/R) values at T1 becomes equal to f; and f(7T) is a continuously increas-
ing function in temperature interval [T, T2].

This algorithm results in m points of (In A, E/R) pairs in such a way that the
histogram of In k at temperatures 77 and 75 correspond to uncertainty parameters f7
and f7, respectively.

This method is illustrated on the example of reaction R2 : O + HO; = OH + O».
The uncertainty of the rate coefficient of this reaction is characterized by Baulch et al.
[2] with the following words: “f = 0.1 at 220K rising to f = 0.5 at 1,000K”
(see Table 1). Using the algorithm above, f> = 0.5 was used at 7» = 1,000K, and
fo = 0.08 was selected. By means of a search code for minimizing the difference
between f(771) and f1, Tp was changed from 220K till 200.0K when the calculated
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Fig.5 Temperature dependence of uncertainty parameter f, calculated from the random pairs of Arrhenius
coefficients for reaction R2 using the recommended algorithm

f(T1) became almost equal to f; = 0.1. In each iteration step m = 10° was used,
while in the final calculation m = 10% random (In A, E/R) pairs were computed.
Figure 5 shows that the obtained f(7") curve is monotonically increasing and passes
through points f(220K) = 0.1 and f(1,000K) = 0.5.

4 The histogram and the joint pdf of the Arrhenius parameters

Since increasing uncertainties are assumed for many reactions, the histogram of the
Arrhenius parameters obtained for reaction R2 : O + HO, = OH + O, will be
investigated further. Nagy and Turdnyi [1] predicted that the corresponding pdf of the
transformed Arrhenius parameters must have a 2D normal distribution.

The distribution of the obtained transformed Arrhenius parameters In A and E/R
can be visualized by a histogram. A 100 x 100 grid was defined between limits
min(ln A) — max(In A) and min(E/R) — max(E/R). The number of (In A, E/R)
pairs belonging to each rectangle defined by this grid was counted and this number
was attributed to the middle coordinate of the rectangle. Figure 6 shows the 2D his-
togram. The peak of the histogram is at In A = 30.69, E/R = —205K, which is
close to the nominal value of In A = 30.42, E/R = —224K. It is clear that the
(In A, E/R) values are correlated, that is a small change of In A can be compensated
with an appropriate adjustment of E/R to reproduce a similar k(7") value in a wide
range of temperature.

The histogram of the transformed Arrhenius parameters In A and E/R was used
to determine the parameters of the pdf of the transformed Arrhenius parameters. Each
number in the grid was divided by m, the total number of points, and the obtained
values were approximated using the following general equation [21] for a 2D normal
distribution:
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The fitted parameters are the following: 07,4 = 0.4959, og/g = 112.38K, r =
0.9876. The maximum of the fitted function is InA = 30.49 and E/R = —221.76,
which is in good accordance with the location of the largest value in the grid. Cor-
relation coefficient r is close to one, showing a very strong correlation between the
transformed Arrhenius parameters. The error of approximation was very low (the high-
est deviation is 1.65 % and the average of absolute deviations is 0.52 %), indicating
that the histogram really corresponds to a 2D normal distribution.

The f(T) obtained by this algorithm is not unique, since e.g. other fj and optimized
Ty values may also result in a curve that passes through the f1(77) and f>(7>) points.
This means that the pdf generated in this way is also not unique. However, we may
claim that the obtained pdf of the Arrhenius parameters corresponds to the uncertainty
definition given in the kinetic database.

Using the most probable In A and E/R values (the peak of the cone) in Eq. (1),
the most probable In & value is obtained, belonging to peak of the In & bell curve (c. f.
Fig. 1). It is also expected that the less probable In k values (belonging to the lower
or upper edges of the bell curve) correspond to edge regions of the In A — E /R cone,
but the actual locations of the corresponding regions depend on temperature.

In Fig. 7a—f, 1,000 randomly selected (In A, E/R) points of reaction R2 are plotted.
These points well outline the 2D normal distribution. Among these points, triangles
indicate those points that belong to the low In k values having less than 2% prob-
ability, while the squares indicate those that belong to the high In k values having
less than 2% probability at a given temperature. The triangles and the squares are

“)
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Fig. 7 1,000 random (In A, E/R) pairs of Arrhenius parameters (solid points) of reaction R2. The tri-
angles and the squares correspond to the low and high In k values having each less than 2% probability,
respectively, at each indicated temperature (see text)a 7 = 220K. b7 =450K.c¢ 7 =700K.d T = 800
K.eT =900K.f7T =1,000K

always on the opposite edges of the 2D distribution, but their location changes with
temperature. These points make a half rotation while the temperature changes from
220K to 1,000 K. Comparison of Fig. 7a and f shows that the same (In A, E/R) points
may belong to small and large In k values (compared to the mean value) both having
low-probability, depending on temperature.
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5 Conclusions

Uncertainty analysis of chemical kinetic models became an important issue in the last
years (see e.g. [3-10,22,23]), since agreement between experimental and simulated
data can be judged only if the uncertainty of both is known. A contradiction in the
chemical kinetics databases (see e.g. [2]) is that the rates of reactions are characterized
by Arrhenius parameters, but the uncertainties of these Arrhenius parameters are not
provided. Instead, the uncertainties of the rate parameters are indicated in the whole
temperature range using a generally temperature dependent uncertainty parameter f.

In this article, the results of a series of numerical investigations are reported on the
examples of reactions R1: H + HyO, = HO; + Hy and R2 : O + HO, = OH + O3,
The same calculations were repeated with the data of several other reactions and
qualitatively similar results were obtained. Although these are important combustion
reactions and up-to-date chemical kinetic data were used for these reactions, we con-
sidered that not the numerical results belonging to the actual reactions were interesting,
but the general conclusions.

Our numerical studies indicated that if both transformed Arrhenius parameters In
A and E /R have uncertainty and the uncertainty parameter of k is identical at the two
ends of the temperature interval, then the uncertainty parameter of & that is consistent
with the uncertainty of the Arrhenius parameters should be smaller at mid tempera-
tures. The case of temperature independent uncertainty parameter f corresponds to
the case when E/R is known without uncertainty, which is a physically not realistic
assumption.

It is a common situation in chemical kinetics that the rate coefficient of a reaction
is well known at room temperature, while it is less studied at high temperatures. In
other words, the rate coefficient is known with low uncertainty (small variance, low
uncertainty parameter f) at room temperature, while the uncertainty of k is high at
high temperature that corresponds to large variance and large uncertainty parameter f.

A numerical algorithm is suggested that is applicable when uncertainty parameters
f1and f2(f1 < f>) are defined at temperatures 77 and 7. The method provides the
corresponding random (In A, E/R) points and the distribution of these points can be
represented by a 2D histogram. Using this histogram, the joint probability density
function (pdf) of the Arrhenius parameters can be estimated. All calculations were
carried out with custom made Matlab codes.

Acknowledgments This work was partially financed by OTKA grant T68256. The European Union and
the European Social Fund have provided financial support to the project under the grant agreement No.
TAMOP-4.2.1/B-09/1/KMR. The authors thank the helpful discussions with Dr. Tibor Nagy.

References

1. T. Nagy, T. Turdnyi, Int. J. Chem. Kinet. 43, 359 (2011)

2. D.L. Baulch, C.T. Bowman, C.J. Cobos, R.A. Cox, T. Just, J.LA. Kerr, M.J. Pilling, D. Stocker,
J. Troe, W. Tsang, R.-W. Walker, J. Warnatz, J. Phys. Chem. Ref. Data 34(3), 757 (2005)

M.J. Brown, D.B. Smith, S.C. Taylor, Combust. Flame 117, 652 (1999)

T. Turanyi, L. Zalotai, S. D6bé, T. Bérces, Phys. Chem. Chem. Phys. 4, 2568 (2002)

5. L.G.Zsély, J. Zador, T. Turanyi, Int. J. Chem. Kinet. 40, 754 (2008)

B w

@ Springer



J Math Chem (2011) 49:1798-1809 1809

[e BN o)

Re)

21.
22.

23.

. L.G. Zsély, J. Zador, T. Turanyi, Proc. Combust. Inst. 30, 1273 (2005)

. J.Zador, 1.G. Zsély, T. Turanyi, M. Ratto, S. Tarantola, A. Saltelli, J. Phys. Chem. A 109, 9795 (2005)
. J. Zador, 1.G. Zsély, T. Turanyi, Reliab. Eng. Syst. Safe. 91(10-11), 1232 (2006)

. D.A. Sheen, X. You, H. Wang, T. Lgvas, Proc. Combust. Inst. 32, 535 (2009)

. D.A. Sheen, H. Wang, Combust. Flame 158, 645 (2011)

11.
12.
13.
14.
. R. Kli¢ka, L. Kubacek, Chemomet. Intell. Lab. Syst. 39, 69 (1997)
16.
17.
18.
19.
20.

R. Cvetanovi¢, R. Overend, G. Paraskevopoulos, Int. J. Chem. Kinet. S1, 249 (1975)
R.J. Cvetanovié, D.L. Singleton, Int. J. Chem. Kinet. 9, 481 (1977)

R.J. Cvetanovié¢, D.L. Singleton, G. Paraskevapoulos, J. Phys. Chem. 83, 50 (1979)
K. Héberger, S. Kemény, T. Vidéczy, Int. J. Chem. Kinet. 19, 171 (1987)

R. Sundberg, Chemom. Intell. Lab. Syst. 41(2), 249 (1998)

L.J. Rodriguez-Aragon, J.S. Lopez-Fidalgo, Chemom. Intell. Lab. Syst. 77(1-2), 131 (2005)

M. Schwaab, J.C. Pinto, Chem. Eng. Sci. 62(10), 2750 (2007)

M. Schwaab, J.C. Pinto, Chem. Eng. Sci. 63, 4631 (2008)

H. Najm, B.J. Debusschere, YM. Marzouk, S. Widmer, O.P. Le Maitre, Int. J. Numer. Meth.
Eng. 80, 789 (2009)

C.R. Rao, Linear Statistical Inference and Its Applications, 2nd edn. (Wiley, New York, 1973)

R.T. Skodje, A.S. Tomlin, S.J. Klippenstein, L.B. Harding, M.J. Davis, J. Phys. Chem. A 114(32),
8286 (2010)

T. Ziehn, K.J. Hughes, J.F. Griffiths, R. Porter, A.S. Tomlin, Combust. Theor. Modell. 13, 589 (2009)

@ Springer



	Numerical investigation of the uncertainty of Arrhenius parameters
	Abstract
	1 Introduction
	2 Case 1: equal uncertainty of the rate coefficient is defined at two temperatures
	3 Case 2: uncertainty of the rate coefficient is monotonically changing with temparature
	4 The histogram and the joint pdf of the Arrhenius parameters
	5 Conclusions
	Acknowledgments
	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


