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Abstract Solvent re-orientation process of triplet ace-
tone/methanol complex and intermolecular hydrogen atom
abstraction reaction on the triplet state energy surface,
(CH3),C=0 (T,) + CH3;0H — (CH3),C-OH + CH,OH
in gas phase, have been investigated by means of density
functional theory (DFT) and direct ab initio molecular
dynamics (MD) methods. The static DFT calculation of
hydrogen abstraction reaction at the T, state showed that
the transition state is 16.4 and 30.9 kcal/mol lower than the
energy levels of S; and S, states, respectively, and
9.2 kcal/mol higher than the bottom of T; state. The
product state, (CH3),C-OH---CH,OH, is 8.4 kcal/mol
lower in energy than the level of T, state. The direct
ab initio MD calculation showed that the product is rapidly
formed within 150 fs and the separated products (CH3),C—
OH + CH,OH were formed. The mechanism of reaction
dynamics of the triplet acetone/methanol complex was
discussed on the basis of theoretical results.

Keywords Triplet acetone - Hydrogen abstraction -
Ab initio MD - Trajectory

1 Introduction

The reactions of triplet state molecule (via triplet state
surface) have been important in biochemistry and photo-
chemistry because the molecules at the triplet state have a
highly activity as an intermediate. In particular, the
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carbonyl compounds have usually a long lifetime, so that
several reactions occur via triplet state [1].

For example, Norrish type II reaction is one of the
typical reactions of carbonyl compounds at the triplet state
(T, state) [2, 3]. The C=0O carbonyl group abstracts a
hydrogen atom of methyl group at the T, state (1,5-shift).
This reaction occurs efficiently as an intramolecular reac-
tion within the carbonyl compound.

Du et al. [4] measured a nanosecond time-resolved
resonance Raman (ns-TR3) spectra of the triplet state
benzophenone reaction with the 2-propanol hydrogen-
donor solvent. The TR3 spectra show that the benzophe-
none triplet state (nm*) hydrogen abstraction reaction with
2-propanol is very fast (about 10-20 ns) and forms a
diphenylketyl radical and an associated 2-propanol radical
partner.

From a theoretical point of view, Chen and Fang [5]
calculated that potential energy diagram for the Norrish II
reaction of butanol using ab initio calculation. The acti-
vation energy of the 1,5-hydrogen shift in butanal was
calculated to be 27.7 kcal/mol from the bottom of T, state.

The structural and electronic properties of the triplet
state of acetone in aqueous solution model were studied
using an effective QM/MM molecular dynamics (MD)
approach [6]. In particular, the striking consequences of the
electronic transitions of n — 7* electron promotion on the
acetone structure and on its microsolvation have been
analyzed in some detail and compared to the behavior of
the acetone ground-state. Moreover, the phosphorescence
emission spectrum was calculated on sampled molecular
configuration. They showed a Stokes shift in good agree-
ment with available experimental data.

Muldoon et al. [7] showed that the reaction efficiency
via triplet state is significantly higher than the S; state
because the reaction via S; state is branched to both
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reactive (1,5-hydrogen shift) and non-reactive (return to the
So state) products.

Benzophenone, which is a typical C=0O carbonyl com-
pound, reacts with alcohol and causes a hydrogen
abstraction reaction. It is known that this reaction occurs
efficiently on T, state. Acetone, one of the simplest C=0
carbonyl compounds, also causes an intermolecular
hydrogen abstraction reaction. Nau et al. [8] measured rate
constants for quenching of excited state acetone by
hydrogen donor tributyltin hydride and 2-propanol using
time-resolved spectroscopy. They showed that both singlet
and triplet excited states can abstract a hydrogen atom of
the donor molecules.

In the present study, an intermolecular hydrogen
abstraction reaction of triplet acetone from a methanol
molecule in gas phase is investigated by means of den-
sity functional theory (DFT) and direct ab initio molec-
ular dynamics (MD) methods [9-11] in order to elucidate
the reaction mechanism of triplet C=0 carbonyl with a
methyl group. Also, the solvent re-orientation process of
acetone/methanol 1:1 complex before the hydrogen
abstraction was investigated. As a model, a hydrogen
abstraction reaction on the T, state, (CH3),C=0 (T,) +
CH;0H — (CH3),C-OH + CH,OH, was examined in
this work.

2 Method of calculation

The geometries of the stationary points of the reaction of
triplet acetone with a methanol molecule were fully opti-
mized at the B3LYP/6-311++4G(d,p) level of theory [12-
14]. The harmonic vibrational frequency of the complex at
the optimized point was calculated to elucidate the stability
of the complex.

Direct ab initio molecular dynamics (MD) calculation
was carried out at the B3LYP/6-3114++G(d,p) level of
theory throughout. The transition state of hydrogen
abstraction reaction was fully optimized by the energy
gradient method. The trajectories were run from the tran-
sition state geometry. The electronic state of the system
was monitored during the simulation. We confirmed care-
fully that the electronic state is kept during the reaction.
The solvent re-orientation process of acetone/methanol
system was also investigated with the same manner. A
trajectory on the T; state was run from the optimized
structure of acetone/CH;OH complex at the S, state.

The velocities of atoms at the starting point were
assumed to zero (i.e., momentum vector of each atom is
zero). The equations of motion for n atoms in a molecule
are given by
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where j =1 — 3N, H is the classical Hamiltonian, Q; is
Cartesian coordinate of the j-th mode and P; is conjugated
momentum. These equations were numerically solved by
the Verlet algorithm. No symmetry restriction was applied
to the calculation of the energy gradients. The time step
size was chosen as 0.10 fs, and a total of 10,000 or 20,000
steps were calculated for each dynamics calculation. The
drift of the total energy is confirmed to be less than 10™%
throughout at all steps in the trajectory. The momentum of
the center of mass and the angular momentum were
assumed to zero. More details of the direct MD calcula-
tions are described elsewhere [9-11].

Static ab initio and DFT calculations were carried out
using Gaussian 03 program package [15]. To confirm the
stability of the molecules at all stationary points, the har-
monic vibrational frequencies were calculated at the
B3LYP/6-3114++G(d,p) level of theory. All vibrational
frequencies obtained were positive except for those of TS,
indicating that the stationary points were located at the
local minima on the potential energy surface. The excita-
tion energies of acetone/CH3;OH complex were calculated
by means of time-dependent (TD) DFT method [16, 17].
Ten electronic states were solved. Intrinsic reaction coor-
dinate (IRC) [18-22] of hydrogen abstraction reaction was
calculated from the transition state (TS) to both reactant
and product directions.

3 Results
3.1 Energy diagram

The energy diagram of the intermolecular hydrogen atom
abstraction reaction of triplet state acetone from a methanol
molecule is illustrated in Fig. 1. The optimized structures
of molecules at the stationary points are illustrated in
Fig. 2. The value of energy level is calculated at the
B3LYP/6-3114++G(d,p) level. At an initial state of the
reaction, acetone (Ac) binds to the methanol molecule by a
hydrogen bond (S, state). By photo-irradiation to the
complex, the electronic state is vertically changed to the
first and second excited states (S; and S,). In case of
acetone, intersystem crossing (ISC) from singlet to triplet
states occurs efficiently (quantum yield of ISC is
0.53 £+ 0.04) [23-25] and the surface is changed to the T,
state.
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Fig. 1 Energy diagram of S1 s
hydrogen abstraction reaction of
triplet state acetone from
CH30H. The values were ]
calculated at the B3LYP/6-
311++G(d,p) level. °RC, TS
and *PD mean reactant state,
transition state, and product

state, respectively 452 eV

i
7/

So

The bottom of triplet state (T;) is 25.6 kcal/mol lower in
energy than the vertically excited S; state. The point of S,
state corresponds to the initial state of the hydrogen
abstraction reaction on the T, state. The energy level of
transition state (TS) of the hydrogen atom abstraction reac-
tion is 9.2 kcal/mol higher than the bottom of T state. The
product state (PD) is 34.0 kcal/mol lower than the vertically
excited S state. Therefore, the hydrogen abstraction reaction
is exothermic in the energetics. The energy level calculation
suggests that the solvent re-orientation occurs first, and then
the hydrogen abstraction proceeds.

3.1.1 S, state

Before the photo-irradiation, the complex composed of
acetone and methanol molecules is located at the ground
state (Sq state). The optimized geometries at the stationary
points along the hydrogen abstraction reaction are given in
Fig. 2. The hydrogen atom of CH3OH orients to the carbonyl
oxygen of acetone. The binding energy of CH;0OH to acetone
is calculated to be 6.3 kcal/mol. The intermolecular distance
between hydrogen of CH;0H and oxygen of C=0 carbonyl
(i.e., distance of hydrogen bond) is calculated to be 1.923 A.

3.1.2 Excited singlet states (S; and S>)

If the complex is photo-irradiated, the electronic state of
acetone/CH30H (Sg) is vertically excited to the first and

hydrogen
abstraction

second excited states (S; and S,). The energy differences
from Sy to S; and S, states are calculated to be 4.52
and 5.15 eV, respectively, at the TD-DFT (B3LYP/6-
3114+4G(d,p) level. These states have singlet nn* and nn*
excited states denoted by ](nn*) and 1(7171*), respectively.

3.1.3 T, state

In case of acetone, it is known that the intersystem crossing
(ISC) occurs rapidly and the electronic state of acetone/
CH;O0H (S)) is efficiently converted to the T, state denoted
by *(nm*).

The intermolecular distance r(CO-HO) of acetone/
CH;OH (T)) is calculated to be 2.027 A, which is slightly
longer than that of the singlet ground state (1.923 A). The
energy level of *(nm*) triplet state is 25.6 kcal/mol lower
than that of the S; state.

3.1.4 Transition state (TS) and product state (PD)

Transition state structure of the complex was fully optimized
by means of energy gradient method. In the optimized
structure, the distances of transferred hydrogen atom from
carbonyl oxygen and methyl carbon are Ry = 1.336 A and
R, = 1.236 A, respectively. The oxygen—carbon distance
is 2.572 A, which is significantly shorter than that of Sy
state. The activation energy of TS relative to T, state is
calculated to be 9.2 kcal/mol. The excess energies of TS are
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Fig. 2 Optimized structures
and geometrical parameters of
3RC, TS and *PD. Distances
are in A

So

acetone (Ac)

16.4 kcal/mol (vertical excitation to S; state) and 30.9 kcal/
mol (S, state). Imaginary frequency of TS is calculated to
be 1,087i cm™'. From analysis of vibrational mode, it is
assigned that the imaginary frequency of TS is asymmetric
stretching mode composed of (HOCHj;:--H---O=C).

The energy level of product state (°PD) is —8.4 kcal/
mol relative to the T, state. The distance between
CH,OH radical and hydroxyl alcohol radical C(CH;),OH
is 1.870 A.

3.2 Zero-point energy dynamics on S, state

In an actual complex, the structure fluctuates because of
zero-point vibration (ZPV). The results of direct ab initio
MD calculations of the complex with zero-point energy
(ZPE) on the ground state S state are illustrated in Fig. 3.
The ZPE dynamics calculation showed that the potential
energy oscillates periodically as a function of time, and the
structural conformation of the complex changes markedly
over time during the simulation. However, the hydrogen
bond is retained during the simulation.

@ Springer

3.3 Solvent re-orientation dynamics on the T surface

First, the solvent re-orientation of CH;OH around the
triplet acetone (T;) may occur before the hydrogen
abstraction of triplet acetone. In this section, the solvent re-
orientation process in gas phase was investigated by means
of direct ab initio MD method. Potential energy of the
system is plotted as a function of time in Fig. 4. The
structure at time zero was assumed to that of S state. After
the excitation to the T, state, the energy decreases gradu-
ally with a vibrational structure. The intermolecular dis-
tance r(H-O) is elongated from 1.922 A (time = 0.0 fs) to
2.163 A (121 fs). This bond elongated is caused by a
spontaneous weakening of the hydrogen bond after the So—
T, transition. Also, it was found that the planar structure
around a C=0 carbonyl of acetone is changed to a bent
form. The position of methanol was changed from n-orbital
of the carbonyl to m-orbital orientations.

The energy of the system was stabilized to
—10.5 kcal/mol after the solvent re-orientation. The time
profile of energy vibrates periodically and the solvation
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Fig. 3 Potential energy (A) and atomic distances (R; and R, in 10\) of
acetone/methanol complex with zero-point energy plotted as a
function of time, obtained by means of direct ab initio MD calculation
at the B3LYP/6-311++G(d,p) level
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Fig. 4 Time profile of potential energy of acetone/methanol system
following excitation to the triplet state surface obtained direct
ab initio MD calculation at the B3LYP/6-3114++G(d,p) level.
Inserted structures show snapshots of acetone (T;)/methanol complex
after the triplet state excitation

structure is gradually changed as a function of time.
Thus, the solvent re-orientation takes place spontane-
ously after the T, state.

Energy (kcal/mol)
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Fig. 5 Intrinsic reaction coordinate (IRC) for the hydrogen abstrac-
tion reaction of triplet state acetone from CH;OH

3.4 Intrinsic reaction coordinates (IRC)

In the IRC calculation, the first, the transition state of
hydrogen abstraction reaction is obtained at the B3LYP/6-
31144G(d,p) level. The optimized geometry was illus-
trated in Fig. 2 (°TS). This structure has an imaginary
frequency (1,087 cm™"). The IRC was calculated using
normal mode corresponding to the imaginary frequency for
the forward and backward directions.

The IRC is plotted in Fig. 5 as a function of reaction
coordinate (s). The structures of reactant intermediate
(*RC’), transition state (°TS) and product intermediate
(*PD’) calculated along the IRC are illustrated as insert
figures. At 3RC’ (s = —1.5), the distances R, and R, are
1.690 and 0.969 A, respectively. The structure of *PD’
(s = +1.0), the distances R; and R, are 0.984 and 1.609 A,
respectively.

In order to confirm the true transition state connecting
between RC and PD states, the geometry optimizations
were carried out from the intermediates (SRC’ and 3PD’) in
the IRC. The geometry optimizations from *RC’ and *PD’
gave “RC and *PD, respectively. The results indicate that
the transition state (TS) is actually connected between
reactant (*RC) and product (°PD) states in the hydrogen
abstraction reaction.

3.5 Reaction dynamics from transition state (TS)

To elucidate the reaction dynamics of intermolecular
hydrogen abstraction of triplet acetone molecule from
CH;OH, direct ab initio MD calculation was carried out at
the B3LYP/6-3114++G(d,p) level. The calculations were
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time = 0.0 fs (a)

58 fs (c)

3.208

"'lnn-ru“

137 fs (d)

Fig. 6 Snapshots of hydrogen abstraction reaction of triplet state
acetone from CH30H obtained direct ab initio MD calculation at the
B3LYP/6-311++G(d,p) level

started from around TS structure to forward (PD) and
backward (RC) directions (Fig. 6).

Snapshots and potential energy as a function of time are
illustrated in Fig. 7. At time zero, the structure is close to
that of TS. After the starting the reaction, O-H distance of
C(CHj3),0H radical is rapidly shortened (R;), indicating
that the hydrogen of the O-H group of methanol is
abstracted by the carbonyl oxygen C=0. For example, the
O-H distances at time = 0 and 24 fs are 1.330 and 0.948
A, respectively. In addition, the product of CH,OH radical
is gradually leaved from a protonated acetone. The dis-
tances of O-C (acetone oxygen and methyl carbon) are
2.648 A (time = 0.0 fs), 2.727 A (24 fs), 3.126 A (58 fs)
and 4.197 A (137 fs).
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Fig. 7 Time profiles of potential energy and atomic distances of
acetone/methanol system. The trajectory was started from near TS of
the hydrogen abstraction reaction

The potential energy (PE) and bond distances of the
system are plotted in Fig. 7 as a function of time. The PE
goes down rapidly within 50 fs, and is minimized at 58 fs.
(point ¢). The lifetime of *TS is roughly estimated by 90 fs
in this trajectory. A complex with a large amplitude mode
between OH and alcohol radical is formed as a product.
Finally, separated products were formed.

3.6 Effects of initial structures of the complex at the TS
on the dynamics

In the previous section, only one trajectory was discussed
as a representative case. In this section, several trajectories
initiated at different geometries around TS are compared.
A total of ten trajectories were run. The time profiles of
potential energies of four trajectories are plotted in Fig. 8.
All trajectories exhibited the similar energy changes in the
reactions. The general results were thus not dependent on
the initial structure of TS.
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Fig. 8 Effects of initial conditions for the trajectories on the
hydrogen abstraction dynamics of the acetone (T;)/methanol system.
The plot shows the time-dependence of potential energy. Four
trajectories from different selected initial structures are shown

4 Summary

In the present study, first, the solvent re-orientation of
methanol molecule around acetone by the photo-irradiation
to the triplet state was investigated by means of direct
ab initio MD method. Next, a hydrogen abstraction reac-
tion of acetone from methanol molecule was investigated.
The transition state is 9.2 kcal/mol lower than that of S,
state, and the product state, (CH3),C—OH---OH, is 8.4 kcal/
mol lower in energy than that of T state. The direct DFT-
MD calculation showed that the product is rapidly formed
within 50 fs and the separated products (CHj3) ,C—OH +
CH,OH are formed.

We considered only triplet state potential energy surface
throughout. Recently, the reaction via singlet excited S,
state has been also observed experimentally. Nau et al. [8]
showed that the S; acetone has a higher reactivity but lower
efficiency than the reaction via T state. This is attributed
to an efficient radiationless deactivation on the S; state.

To elucidate the overall reaction, in addition to the
reaction on the T state, reaction dynamics on the S; and S,
states are also needed. However, it is known that the
reaction efficiency (quantum yield) is significantly reduced
by addition of the triplet quencher [26]. Hence, the T, state
is correlated strongly to the reaction mechanism. The

present work provided one of the theoretical aspects about
the reaction dynamics of C=0O carbonyl.

Acknowledgments The author acknowledges a partial support from
a Grant-in-Aid for Scientific Research (C) from the Japan Society for
the Promotion of Science (JSPS) (Project No. 21550002).

References

1. Shizuka H, Yamaji M (2000) Bull Chem Soc Jpn 73:267 and
references therein
2. Ayitou AJL, Jesuraj JL, Barooah N, Ugrinov A, Sivaguru J
(2009) J Am Chem Soc 131:11314 [Norrish II reaction]
3. Natarajan A, Mague JT, Ramamurthy V (2005) J Am Chem Soc
127:3568 [Norrish II reaction]
4. Du'Y, Ma C, Kwok WM, Xue J, Phillips DL (2007) J Org Chem
72:7148
. Chen XB, Fang WH (2007) Chem Phys Lett 361:473
6. Brancato G, Rega N, Baronea V (2008) Chem Phys Lett 453:202
ONIOM acetone-water system
7. Muldoon MJ, McLean AJ, Gordon CM, Dunkina IR (2001) Chem
Commun 2364
8. Nau WM, Cozens FL, Scaiano JC (1996) ] Am Chem Soc 118:2275
9. Tachikawa H, Kawabata H (2009) J Phys Chem C 113:7603
10. Tachikawa H, Iyama T, Kato K (2009) Phys Chem Chem Phys
28:6008
11. Tachikawa H, Orr-Ewing AJ (2008) J Phys Chem A 112:11575
12. Becke AD (1993) J Chem Phys 98:5648
13. Lee C, Yang W, Parr RG (1988) Phys Rev B 37:785
14. Vosko SH, Wilk L, Nusair M (1980) Can J Phys 58:1200
15. Ab initio MO program Gaussian 98, Revision A.5, Frisch MJ,
Trucks GW, Schlegel HB, Scuseria GE, Robb MA, Cheeseman
JR, Zakrzewski VG, Montgomery JA Jr, Stratmann RE, Burant
JC, Dapprich S, Millam JM, Daniels AD, Kudin KN, Strain MC,
Farkas O, Tomasi J, Barone V, Cossi M, Cammi R, Mennucci B,
Pomelli C, Adamo C, Clifford S, Ochterski J, Petersson GA,
Ayala PY, Cui Q, Morokuma K, Malick DK, Rabuck AD,
Raghavachari K, Foresman JB, Cioslowski J, Ortiz JV, Stefanov
BB, Liu G, Liashenko A, Piskorz P, Komaromi I, Gomperts R,
Martin RL, Fox DJ, Keith T, Al-Laham MA, Peng CY, Nana-
yakkara A, Gonzalez C, Challacombe M, Gill PMW, Johnson B,
Chen W, Wong MW, Andres JL, Gonzalez C, Head-Gordon M,
Replogle ES, Pople JA (1998) Gaussian, Inc., Pittsburgh PA
16. Bauernschmitt R, Ahlrichs R (1996) Chem Phys Lett 256:454 (TD)
17. Casida ME, Jamorski C, Casida KC, Salahub DR (1998) J Chem
Phys 108:4439
18. Fukui K (1981) Acc Chem Res 14:363
19. Deng L, Ziegler T, Fan L (1993) J Chem Phys 99:3823
20. Deng L, Ziegler T (1994) Int J Quantum Chem 52:731
21. Gonzalez C, Schlegel HB (1989) J Chem Phys 90:2154
22. Gonzalez C, Schlegel HB (1990) J Phys Chem 94:5523
23. Szilagyi I, Kovacs G, Farkas M, Zugner GL, Gola A, Dobe S,
Demeter SA (2009) Rect Kinet Catal Lett 96:437
24. Blitz MA, Heard DE, Pilling MJ (2006) J Phys Chem A 110:6742
25. Gandini A, Hackett PA (1977) J Am Chem Soc 99:6195
26. Wagner PW (1967) J Am Chem Soc 89:2503

W

@ Springer



	Direct ab initio MD study on the hydrogen abstraction reaction of triplet state acetone from methanol molecule
	Abstract
	Introduction
	Method of calculation
	Results
	Energy diagram
	S0 state
	Excited singlet states (S1 and S2)
	T1 state
	Transition state (TS) and product state (PD)

	Zero-point energy dynamics on S0 state
	Solvent re-orientation dynamics on the T1 surface
	Intrinsic reaction coordinates (IRC)
	Reaction dynamics from transition state (TS)
	Effects of initial structures of the complex at the TS on the dynamics

	Summary
	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


