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Abstract The activation and reaction energies governing
hydrogen atom transfer between «-tocopherol analogues
and methylperoxyl radical were determined using the
B3LYP/6-311++G(d,p) method. An a priori qualitative
estimation of the charge transfer involved in the formation
process of the two-fragment reaction between -
tocopherol-like molecules and the methylperoxyl radical
was used as a predictive tool to determine antioxidant
activity. Consistency between the energetic data and
reactivity criterion was nicely reached indicating that the
electronic nature of the substituents in the heterocyclic ring
in o-tocopherol-like molecules strongly influences the
activation and reaction energies.

Keywords Density functional theory - «-Tocopherol -
Reactivity - Hydrogen abstraction - Conceptual DFT

Introduction

Biological systems possess many metabolic processes that
produce reactive oxygen species (ROS) [1, 2]. ROS are
chemical substances that, through specific reactions, lead to
oxidative degradation of carbon-based materials. Biological
systems regulate the content of ROS thus protecting
themselves from oxidative processes. However, external
agents, such as radiation and interaction with chemicals,
can significantly increase ROS content, thus overcoming
the antioxidant capabilities of the system; the result is an
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increase in oxidation processes, which is thought to
contribute to various different types of sickness, inflamma-
tory injuries, cancer, etc. [1, 3]. In short, the unbalanced
ratio between ROS content and protecting antioxidants
seems to be at the origin of the so-called oxidative stress
that attacks biological structures [4].

Oxidative degradation of carbon-based materials begins
with ROS attack on an alkyl group of a lipid molecule, RH,
to produce the carbon-centered radical R® derived from it
by removal of a hydrogen atom [4]. Further oxidation
reaction of R® with oxygen—so-called autoxidation—
produces a peroxyl radical, ROO®:

R°+0, — ROO" (1)

ROO® can extract a hydrogen atom from another
hydrocarbon molecule to generate peroxide and another
reactive free radical in a propagation process in which new
reactive radicals are formed:

ROO® + RH — ROOH + R® (2)

The chain of reactions in reactions 1 and 2 can be broken
by an important class of compounds, phenolic antioxidants,
which inhibit oxidation of materials of biological interest.
Phenolic antioxidants (ArOH) have the function of inter-
cepting and reacting with free radicals [5] at a rate faster
than that of the hydrocarbon molecule RH in reaction 2,
and generate a comparatively unreactive free radical species
according to:

ROO"® + ArOH — ROOH + ArO® (3)

The effectiveness of phenolic compounds as antioxidants
is directly related to the rate of reaction 3, which is
determined by the barrier height of hydrogen transfer from
phenol to the peroxyl free radical [6-9]. One of the most
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important and effective lipid-soluble, chain-breaking, natu-
ral antioxidant in human blood plasma is «-tocopherol
(Fig. la), a major component of vitamin E [10-15]. The
present work investigated the antioxidant capability of six
a-tocopherol-like molecules (M1-M6) toward the methyl-
peroxyl radical CH;00°® (MPR; Fig. 1b). The aim of this
investigation was to gain a deeper appreciation of the
aptitude of a-tocopherol-like molecules as antioxidants. In
this context, we studied reaction (3) with ROO*=MPR and
ArOH=M1-M6. These reactions, labeled RX (X=1, 6),
describe the MPR + MX reaction of H-atom abstraction
from antioxidant MX (X=1, 6) by the methylperoxyl
radical, (for example, in Fig. 2: R1 is MPR + M1).

Since the effectiveness of a given antioxidant is directly
related to the energy barrier for the hydrogen transfer
reaction from the antioxidant molecule MX to the peroxyl
free radical MPR, in this work special attention is devoted
to the characterization of transition states. On the other hand,
electronic properties that are important for characterizing the
electronic activity taking place during a chemical reaction
are chemical potential and hardness. One novelty of this
research is to study the antioxidant activity of a-tocopherol-
like molecules in terms of these electronic properties. These
will be determined through computational methods based
upon density functional theory (DFT) [16-23].

M1: CH; CH3 M5: CHs CH3 CH3
M2 COOH CH, M6 CH, CH, H
M3: F CHjs
M4: CN CH,

T

.C o MPR
o
HH/ \0/

Fig. 1 a «-Tocopherol. b Common molecular skeleton of o-
tocopherol-like molecules as antioxidants (M1-M6) and methylper-
oxyl radical (MPR)
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Theoretical background

This section provides definitions for the most relevant
theoretical elements used to characterize reaction (3) and
for rationalizing the transition states involved in it.

Chemical potential and molecular hardness

The basics of DFT state that energy may be written as a
function of N, the total number of electrons, and a
functional of v(¥), the external potential: E = E[N, v(¥)]
[18, 20, 22, 24, 25]. In this context, chemical potential (x)
and hardness (7)), which are very important global proper-
ties aimed at describing chemical reactivity [16, 18, 26-28],
are defined as:

OF 1 1
i=(Gv),, =50 A= re @)
_1 82_E L I—4 ~Li _ 5
n_z 8N2 V(F)Nz( )Nz(gL SH) ()

In numerical applications, x# and 7 are calculated
through the finite difference approximation involving the
first ionization potential (/) and electron affinity (A4);
further approximations, making use of Koopmans (or
Janak) [29] theorem, lead to 4 and 7 in terms of the energy
of the frontier molecular orbitals HOMO (ey) and LUMO
(eL)- Chemical potential is interpreted as the escaping
tendency of an electron with respect to an equilibrium
distribution, whereas hardness is often interpreted as the
resistance of the system to change in its electronic
distribution.

In electron transfer reactions, electrons flow from the
reactant presenting the higher value of u to the reactant
presenting the lowest value of chemical potential. Follow-
ing Sanderson’s principle of equalization of chemical
potential [27], electronic flux continues until chemical
potentials equalize to a given value for the whole system.
In this context, the larger the difference between the
chemical potentials of the reacting molecules, the larger
the electronic transfer among them and the reaction is more
likely to occur. This is therefore a reactivity criterium in
electronic transfer reactions. On the other hand, hard
molecules are expected to be less reactive than soft
molecules, as stated by the principle of maximum hardness
(PMH) [30]: stable molecules are expected to be as hard as
possible. In this context, the relative hardness of the
systems under study (M1-M6) will provide an absolute
criterion for reactivity that will be used in the present
analysis of reaction (3).
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Fig. 2 Reactant (R), transition state (TS) and product (P) structures for the MPR + MX reaction (R1) representing H-atom abstraction from

antioxidant M1 by the methylperoxyl radical

Energy barriers and the Marcus equation

Energy barriers are often rationalized through the Marcus
equation [31]:

AE°)?

S ©
16AE?

AE* = [E(TS) — E(R)] = AE? + %AEO +

where E(TS) and E(R) are the energy of the transition state
(TS) and the reactant (R), respectively, AE°=[E(P)-E(R)] is
the reaction energy and from the knowledge of AE® and
AE” we can obtain Marcus® intrinsic activation energy,
AE,[31], which should be interpreted in terms of
electronic and structural properties; in this context, we
have suggested in previous works that Marcus’ intrinsic
barrier can be rationalized in terms of the electronic
properties u and n [32].

Along with the activation energy, the Bronsted coeffi-
cient § comes into the picture [33]:

_ OAE? 1 AE°

~onr =P =2 AR @)

p 2 8AE?

This parameter defined within the interval 0<8<1, may
have different interpretations. On the one hand it is a
measure of the resemblance of the TS to the products; it can
also be interpreted as the position of the TS defined in a
reduced reaction coordinate going from 0 at the reactants,
to 1 at the products. On the other hand, the Bronsted
coefficient can also be viewed as a descriptor of the
Hammond postulate (HP) [34], which interrelates the
reaction energy with the position of the energy barrier on
the potential energy surface. Within the HP framework, an
exothermic reaction has a reactant-like TS (8<1/2),
whereas product-like TS (8>1/2) characterize endothermic
processes.

Computational details

In this work, all calculations were carried out at the
DFT/B3LYP [35, 36] level of theory with the standard 6—
311++G** basis set using the Gaussian03 [37] package.
The geometries of M1-M6 and MPR together with the
stationary points of reactions R1-R6 were fully optimized.
Frequency calculations were subsequently performed in
order to characterize the stationary points as minima or
maxima. Radical fragments were calculated using UB3LYP
theory. Electronic chemical potential and molecular hard-
ness were calculated by applying Egs. 4 and 5, respectively,
using the frontier orbital energies & and &;.

Results and discussion

Table 1 lists the values of chemical potential, Au and
hardness of molecules M1-M6 together with x and n for
the radical MPR. Note that all molecules present values of
u and 7 that are quite close to each other. The system M5
(M4) has the largest(lowest) value of x and the lowest
(largest) value of 7.

An a priori qualitative estimation of the charge transfer
involved in the formation process of the two-fragment
reaction between MX (X=1,6) and MPR can be deter-
mined through the following expression:

|Ap|(MX) = |(u(MPR) — u(MX))| (X =1, 6) (8)

The results are displayed in Table 1. It is interesting to
note that, in all cases, the transfer direction is from MX to
MPR so that the radical is acting as an electrophile,
whereas antioxidants M1-M6 act as nucleophiles with
different strengths. Within this series, M5 is the best

Table 1 Electronic properties, chemical potential (¢) and chemical hardness (1) for molecules M1-M6 and methylperoxyl radical (MPR) and
charge transfer (Au) at DFT/B3LYP//6-311++G** level of theory. All values are in kcal mol™

M1 M2 M3 M4 M5 M6 MPR
u —65.92 —69.98 —70.21 —73.85 —65.39 —66.15 —126.73
n 56.40 56.99 58.65 59.28 55.66 56.99 47.58
[Au| 60.81 56.75 56.52 52.88 61.34 60.58
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Table 2 Energetic parameters

for reaction R1-R6 at DFT/ Reaction R1 R2 R3 R4 RS R6
B3LYP/6-311++G** level of
theory. All values are in kcal AE° —-12.98 -11.63 -11.01 -9.92 -13.89 -12.17
mol . AE” Reaction energy, AE? 9.56 10.06 10.23 10.53 9.11 9.52
AE” energy barrier, AE] Mar- = 417 5.08 547 6.16 3.49 441
cus’ intrinsic activation energy,

8 0.33 0.36 0.37 0.38 0.31 0.34

[ Bronsted coefficient

nucleophile whereas M4 is the worst. The Ay criterium for
reactivity in electronic transfer reactions shows that reaction
RS: M5 + MPR should be the most favored reaction. On
the other hand, the hardness criterium indicates that M5 is
the most reactive system among the molecules under study.
In summary, the Ay and hardness criteria indicate that the
reactivity of the molecules toward the MPR appears to be
ordered as M5 > M1>M6 > M2>M3 > M4.

Let us now consider the energetic results of the H-
transfer reactions displayed in Table 2. It can be observed
that all six reactions are thermodynamically favorable,
leading to reaction products considerably more stable than
the reactants; the thermodynamic control indicate that the
feasibility of the H-transfer reaction can be ordered as R5 >
R1>R6 > R2>R3 > R4. On the other hand, AE” values
show that the kinetic control is in agreement with thermody-
namic criteria, with reaction RS the most likely to take place
because of its low energy barrier. In contrast, R4, the least
exothermic reaction, is the reaction presenting the largest value
of AE” and therefore exhibiting the lowest probability to take
place within this series. These results are in complete
agreement with the predicted reactivity of the isolated systems.

In all cases, TS are shifted strongly toward the reactants,
thus stressing the degree of similarity expected among these
structures. Moreover, the values of the Bronsted coefficient
(Table 2) are considerably lower than 0.5, indicating that
the structure and properties of the TS should be closer to
those of reactants. In this context, all the reactions follow
the HP: with early activation barriers, the more exothermic
the reaction, the closer the TS is to the reactant, as indicated
by Eq. 7. It is important to mention that this result is in

complete agreement with the observed structural deviation
of the TS with respect to reactants and products. In all cases
under study, the TS was found to be structurally much
closer to the reactant structure (Fig. 2). Moreover, analysis
of structural parameters indicated that most deviation of TS
occurs within the aromatic ring. These results validate the
use of the Bronsted coefficient as a descriptor of the relative
similarity of TS with respect to reactants and products.
Consistency between thermodynamic and kinetic criteria
is observed in Fig. 3a, where a nice correlation between
AF”and AE® (°=0.98) was obtained for the complete series
of reactions under study. This results follows the principle
of Evans and Polanyi [38], which states that, within a
series of closely related atom transfer reactions, the activation
energy displays a linear dependence on the reaction energy.
Hence, the correlation in Fig. 3a clearly shows that reactions
(R1-R6) would follow the same mechanism [39].
Moreover, consistency between the energetic data and
the Au reactivity criterion is also reached, as can be
observed in Fig. 3b, c. These correlations can be associated
to the electronic nature of the systems involved. Within the
strongest nucleophilic systems (M1, M5, M6), the barrier is
strongly dependent upon the Au value (dashed line in
Fig. 3b), whereas in less nucleophilic systems (M2, M3,
M4) the AE” vs Au plot presents a considerably smaller
slope (solid line in Fig. 3b). This situation is replicated
when looking at the relationship between reaction energy
and Au in Fig. 3c. In summary, reactions R1, RS and R6
are largely favored kinetically and thermodynamically by
large, although similar, values of Au whereas R2, R3 and
R4 are less favored both kinetically and thermodynamically

7 7
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Fig. 3 a Plot of activation energy (AE”) vs reaction energy (AE°) for reactions R1-R6. b Plot of activation energy (AE”) vs charge transfer
descriptor (Au) for reactions R1-R6. ¢ Plot of reaction energy (AE®) vs charge transfer descriptor Au for reactions R1-R6. All values in kcal mol™!
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by a relatively lower electronic transfer among the
reactants. Accordingly, the nature of substituents as electron
donor or withdrawing, in particular in the position R1
present in the heterocyclic ring A (see Fig. 1b), play a
fundamental role: all electron donating groups, e.g., methyl
groups, decrease the activation and reaction energies in the
order R6 < R1 < RS, and electron withdrawing substituents
like COOH, F and CN increase the activation and reaction
energies of hydrogen abstraction in R2, R3 and R4,
respectively.

Using Au as a criterion of nucleophilicity for antioxidant
systems, it can be observed that the average nucleophilic
power of the series is Au=58.15 kcal mol™'. Within the
series, M2 is the molecule presenting the closest nucleo-
philic activity to the average value of the six systems. Also,
R2 presents a value of AE” that is closest to the mean
value, AE#*=4.80 kcal kcal mol™". In this context, M2 (and
R2) may be seen as pivotal to the system, defining the
turning point from high nucleophilic power to low
nucleophilic power. This observation has a sound chemical
basis: while M1, M5 and M6 present electron donor
substituents with respect to M2, M3 and M4 present at
least one electron-withdrawing substituent. This represents
an important difference when characterizing the electronic
activity of the whole system. Taking M2 as a reference,
substitution by methyl groups (M1, M5 and M6) stabilizes
the phenoxyl free radical generated, lowers the barrier, and
makes the reaction more exothermic, as shown in Table 2.
On the other hand, substitution by withdrawing groups
COOH (M2), F (M3) and CN (M4) increases the reaction
barrier and makes the reaction less exothermic.

Concluding remarks

From electronic structure calculations on six x-tocopherol-
like molecules at the B3LYP/6-311++G** level of theory,
we can conclude that: (1) the reactions of hydrogen
abstraction from vitamin-E analogues from methylperoxyl
radical follow the Hammond postulate, i.e., all reactions are
exothermic with early activation barriers and have TS
structurally close to the reactants; (2) Au is an excellent
parameter for the estimation of the charge transfer involved
in the formation process of the two-fragment reaction
between MX (X=1,6) and MPR, and can be used as a
predictive tool to determine antioxidant activity; (3) a good
linear relationship between activation energy and reaction
energy is found, which can be used to understand the
mechanistic behavior of hydrogen abstraction from antiox-
idant molecules; (4) consistency between energetic data and
the Au reactivity criterion was also reached. These
correlations are associated with the electronic nature of
the systems involved, with the strongest nucleophilic

systems increasing electronic transfer to the methylperoxyl
radical, lowering the barrier and leading to a more
exothermic reaction; (5) the electronic nature of the
substituents in the heterocyclic ring strongly influences
the activation and reaction energies, with electron with-
drawing substituents in the heterocyclic ring of «-
tocopherol-like molecules decreasing antioxidant activity
and donor substituents increasing this activity.

Acknowledgment The author acknowledges financial support from
project FONDECYT N° 11070197

References

1. Halliwell B, Gutteridge JMC (1989) Free radicals in biology and
medicine, 2nd edn. Clarendon, Oxford
2. Boveris A, Chance B, Sies H (1979) Physiol Rev 59:527-605
3. Sohal RS, Weindruch R (1996) Science 273:59-63
4. Cadenas E, Lester P (2002) Handbook of antioxidants (oxidative
stress and disease). Dekker, New York
5. Burton GW, Doba T, Gabe E, Hughes L, Lee FL, Prasad L, Ingold
KU (1985) J Am Chem Soc 107:7053-7065
6. Wright JS, Johnson ER, Di Labio GA (2001) ] Am Chem Soc
123:1173-1183
7. Tishchenko O, Kryachko ES, Nguyen MT (2002) J Mol Struct
Theochem 615:247-250
8. Nikolic KM (2006) J Mol Struct Theochem 774:95-105
9. Singh NK, O’Malley PJ, Popelier PLA (2007) J Mol Struct
Theochem 811:249-254
10. van Acker SABE, Koymans LMH, Bast A (1993) Free Radic Biol
Med 15:311-328
11. Burton GW, Ingold KU (1986) Acc Chem Res 19:194-201
12. De Herr MI, Mulder P, Korth HG, Ingold KU, Lusztyk J (2000) J
Am Chem Soc 122:2355-2360
13. Traber MG, Atkinson J (2007) Free Radic Bio Med 43:4-15
14. Bowry VW, Ingold KU (1999) Acc Chem Res 32:27-34
15. Burton GW, Page YL, Gabe EJ, Ingold KU (1980) ] Am Chem
Soc 102:7791-7792
16. Parr RG, Yang W (1995) Annu Rev Phys Chem 46:701-728
17. Chermette H (1999) J Comput Chem 20:129-154
18. Parr RG, Yang W (1989) Density functional theory of atoms and
molecules oxford. University Press, New York
19. Geerlings P, De Proft F, Langenacker W (2003) Chem Rev
103:1793-1874
20. Hohenberg P, Kohn W (1964) Phys Rev B 136:864-871
21. Kohn W, Becke AD, Parr RG (1996) J Phys Chem 100:12974—
12980
22. De Proft F, Geerlings P (1997) J Chem Phys 106:3270-3279
23. Geerlings P, De Proft F, Langenacker W (1999) Adv Quantum
Chem 33:303-328
24. Kohn W, Sham LJ (1965) Phys Rev A 140:1133-1138
25. Ghanty TK, Ghosh SK (1994) J Am Chem Soc 116:8801-8802
26. Parr RG, Pearson RG (1983) J Am Chem Soc 105:7512-7516
27. Sanderson RT (1955) Science 122:207-208
28. Jorgensen CK (1993) Electronegativity. In: Sen KD (ed) Structure
and bonding: chemical hardness. Springer, Berlin
29. Janak JF (1978) Phys Rev B 18:7165-7168
30. Parr RG, Chattaraj PK (1991) J Am Chem Soc 113:1854-1855
31. Marcus RA (1964) Annu Rev Phys Chem 15:155-196
32. Toro-Labbé A (1999) J Phys Chem A 103:4398-4403
33. Leffler JE (1953) Science 117:340-341

@ Springer



598 J Mol Model (2011) 17:593-598

34. Hammond GS (1959) J] Am Chem Soc 77:334-338 Rabuck AD, RaghavachariK, Foresman JB, Cioslowski J, Ortiz

35. Becke AD (1993) J Chem Phys 98:5648-5652 JV, Stefanov BB, Liu G, LiashenkoA, Piskorz P, Komaromil,

36. Lee C, Yang W, Parr RG (1988) Phys Rev B 37:785-789 Gomperts R, Martin RL, Fox DJ, KeithT,Al-Laham MA, Peng

37. Frisch MJ, Trucks GW, Schlegel HB, Scuseria GE, Robb MA, CY, Nanayakkara A, Gonzalez C, Hallacombe M, Gill PMW,
Cheeseman JR, Zakrzewski VG, Montgomery JA, Stratmann RE, Johnson B, Chen W, Wong MW, Andres JL, Gonzalez C,
Burant JC, Dapprich S, Millam JM, Daniels AD, Kudin KN, Head-Gordon M, Replogle ES, Pople JA (2003) Gaussian03.
Strain MC, Farkas O, Tomasi J, Barone V, Cossi M, Cammi R, Gaussian Inc, Pittsburgh, PA

Mennucci B, Pomelli C, Adamo C, Clifford S, Ochterski J, 38. Evans MG, Polanyi M (1935) Trans Faraday Soc 31:875-893
Petersson GA, Ayala PY, Cui Q, Morokuma K, Malick DK, 39. Mayer JM (1998) Acc Chem Res 31:441-450

@ Springer



	Theoretical study of the hydrogen abstraction from vitamin-E analogues. The usefulness of DFT descriptors
	Abstract
	Introduction
	Theoretical background
	Chemical potential and molecular hardness
	Energy barriers and the Marcus equation

	Computational details
	Results and discussion
	Concluding remarks
	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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /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 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


