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Abstract Using three accurate potential energy surfaces

of the 3A00, 3A0, and 1A0 states constructed recently, we

present a quasi-classical trajectory (QCT) calculation for

O ? HCl (v = 0, j = 0) ? OH ? Cl reaction at the

collision energies (Ecol) of 14.0–20.0 kcal/mol. The

three angular distribution functions—PðhrÞ, PðurÞ, and

Pðhr;urÞ, together with the four commonly used polari-

zation-dependent differential cross-sections, 2p
r

dr00

dxt
; 2p

r
dr20

dxt
;

2p
r

dr22þ
dxt

; and 2p
r

dr21�
dxt

are exhibited to get an insight into the

alignment and the orientation of the product OH radical.

There is a similar behavior of the tendency scattering

direction for the two triplet electronic states (3A00 and
3A0)—backward scattering dominates, however, forward

scattering prevails for the case of 1A0 state. Also, obvious

differences have been found in the stereo-dynamical

information, which reveals the influences of the potential

energy surface and the collision energy. The degrees of

polarization and the influence of the collision energy on the

stereo-dynamics characters of the title reaction are both

demonstrated in the order of 3A0[ 3A00[ 1A0.

Keywords Quasi-classical trajectory � Stereo-dynamics �
Distribution function � Alignment � Orientation

1 Introduction

In the recent decades, the reactions of halogen-containing

molecules have been received considerable attention.

Because of the important role in stratospheric chemistry,

numerous experimental [1–11] and theoretical [12–48]

investigations of O ? HCl appeared. Any dynamical calcu-

lation must rely on a sufficiently accurate potential energy

surface (PES), preferably of ab initio stem. Since the first ab

inito calculations by Hirsch et al. [44] and Bruna et al. [45],

enormous efforts have been spent on the construction of

O ? HCl PESs [15, 16, 22–24, 31, 35, 47, 48]. Most previous

studies deal basically with the scalar properties, such as

reaction probability, the integral cross-section, vibrational/

rotational distributions, and branching ratio, etc. The vector

properties could provide valuable information about the ste-

reo-dynamics, for example, velocity and momentum vectors

contain magnitudes related to the translational and rotational

energies and well-defined directions as well [49–59]. With

the development of polarized laser techniques, the measure-

ment of the reagent/product alignment and orientation could

be realized. However, to the author’s best knowledge, few

literatures were concerned with the study of the vector

properties about the title reaction. Although there are two

channels for O ? HCl on 1A0 state [31], we only study the

following one–O ? HCl ? OH ? Cl in order to compare

with the results on 3A00/3A0 state.

In this paper, using the recent-developed 3A00/3A0 [48]

and 1A0 [31] PESs, we perform a quasi-classical compu-

tation on the O ? HCl (v = 0, j = 0) ? OH ? Cl reac-

tion so as to study the influence of the PESs and collision

energies on the stereo-dynamics characters. The 3A00 and
3A0 states [48] are degenerated at collinear and asymptotic

regions of configuration space, and the scaled reaction

barrier height on 3A00/3A0 state is 10.60/13.77 kcal/mol.

The potential energy surface for the 3A00 state contains a

fairly deep van der Waals well (with the scaled depth of

-5.22 kcal/mol) on the product side of the reaction barrier

at a rather sharp O–H–Cl angle (68.57o) and a shallow well

(the scaled depth is -1.54 kcal/mol) on the reactant side at
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collinear O–H–Cl geometry. The reaction on 1A0 state [31]

proceeds without a barrier. 1A0 state has a deep well in bent

geometry corresponding to stable HOCl molecule, and the

well depth is -101.47 kcal/mol.

2 Methodology and computational details

The QCT method used is similar to that described in Refs.

[53–56]. We use the center-of-mass (CM) frame with the

reagent relative velocity vector k paralleling to the z-axis

and xz plane containing the initial and final velocity vectors

(k and k0) as the scattering plane. In the center-of-mass

frame, hr and ur refer to the corresponding polar and

azimuthal angles of the product rotational momentum j0,

and xt ¼ ht; ut, the coordinates of the unit vector k̂0 along

the direction of the product velocity k0.
The distribution function PðhrÞ describing the k-j0 cor-

relation could be written as

PðhrÞ ¼
1

2

X

k

ð2k þ 1Þa0ðkÞPkðcos hrÞ; ð1Þ

where the polarization parameter a0ðkÞ is given by

a0ðkÞ ¼
Zp

0

PðhrÞPkðcos hrÞ sin hrdhr ¼ Pkðcos hrÞh i: ð2Þ

The expanding coefficients a0ðkÞ are called orientation

(k is odd) or alignment (k is even) parameters. And PðhrÞ is

expanded up to k ¼ 18 in this work to ensure the conver-

gent results.

The dihedral angular distribution of the k-k0-j0 correla-

tion is characterized by the angle ur. The distribution

function PðurÞ could be expanded as a Fourier series

PðurÞ ¼
1

2p
ð1þ

X

even; n� 2

an cos nur þ
X

odd; n� 1

bn sin nurÞ;

ð3Þ

with an and bn given by

an ¼ 2 cos nurh i; ð4Þ
bn ¼ 2 sin nurh i: ð5Þ

In this calculation, PðurÞ is expanded to n ¼ 24 so as to

ensure the convergence.

The joint probability density function of angles hr and

ur, which determines the direction of j0, could be repre-

sented as follows.

Pðhr;urÞ ¼
1

4p

X

kq

ð2k þ 1Þak
qCkqðhr;urÞ

�

¼ 1

4p

X

k

X

q� 0

ak
q� cos qur � ak

q�i sin qur

h i
Ckqðhr; 0Þ: ð6Þ

Here

ak
q� ¼ 2hCk qj jðhr; 0Þ cos quri if k even; ð7Þ

ak
q� ¼ 2ihCk qj jðhr; 0Þ sin quri if k odd: ð8Þ

Ckqðhr; urÞ are modified spherical harmonics. In our cal-

culation, Pðhr; urÞ is expanded to k ¼ 7, which is suffi-

cient for good convergence.

The full three-dimensional angular distribution associ-

ated with k-k0-j0 correlation could be given as

Pðxt; xrÞ ¼
X

kq

2k þ 1

4p
1

r
drkq

dxt
Ckqðhr;urÞ�; ð9Þ

where 1
r

drkq

dxt
is a generalized polarization-dependent

differential cross-section (PDDCS), and it could be

written as the following form

1

r
drkq�
dxt

¼
X

k1

2k1 þ 1

4p
Sk1

kq�Ck1�qðht; 0Þ; ð10Þ

where Sk1

kq� is an expected value with its expression given via

Sk1

kq� ¼ Ck1qðht; 0ÞCkqðhr; 0Þ ð�1Þqeiqur � e�iqur
� �� �

: ð11Þ

The angular brackets � � �h i in Eq. 11 represent the average

over all angles.

The initial ro-vibrational numbers of the HCl reactant

are chosen at v = 0, and j = 0 level, 10,000 trajectories are

used on the three electronic states (3A00, 3A0, and 1A0) over

the collision energy range of 14.0–20.0 kcal/mol. The time

integral step size and the energy gap are 10-4 ps and 1 kal/

mol in due order.

3 Results and discussion

3.1 P(hr) distributions

On all three electronic states of 3A00, 3A0, and 1A0, PðhrÞ
distributions are symmetric with respect to 90o, indicating

that the product angular momentum j0 tends to align along

the direction perpendicular to initial velocity vector

k. As described in Refs. [57, 58], PðhrÞ is sensitive to two

factors: the characters of PESs and the mass factors. We

use the same mass factor in our calculation. The distinct

difference of PðhrÞ distributions on three different states

probably comes from the different characteristics of the

three PESs. Comparing all the PðhrÞ distributions gener-

ated on the three surfaces, one could clearly observe that

products of 3A0 state display the strongest alignment for

the highest and narrowest distribution, and next are those

on 3A00 state, while those on 1A0 state show the least

alignment for the lowest and broadest distribution. Over the
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whole collision energy range, different collision energies

correspond to different alignment degrees. The PðhrÞ
distributions do not contract or expand monotonously with

the increase in Ecol, which implies the higher collision

energy does not definitely lead to the stronger product

alignment. This is exhibited in Fig. 1. Apparently, the

alignment degrees on the three electronic states are in the

order of 3A0[ 3A00[ 1A0. Usually, as well-known high

barrier leads to strong rotational alignment/orientation.

And deep well causes weak rotational alignment/orienta-

tion. Since a large number of resonances appear in reaction

probabilities and the reaction is dominated by the forma-

tion of a complex due to the deep well. The complex-

forming mechanism usually favors the molecule rotation in

various directions so that the product alignment and ori-

entation degree would be weak. For the two triplet states,

the reaction barrier on 3A0 state is higher than the barrier on
3A00 state. There is no barrier on 1A0 state, but a much

deeper well exists compared with the well depth on 3A00

state. This might give a reason of different polarization/

orientation degrees on the three states, which will be also

shown in Figs. 2, 3 and 4.

3.2 P(ur) distributions

The PðurÞ distributions on the three electronic states at

four collision energies (14.0, 16.0, 18.0, and 20.0 kcal/mol)

are given in Fig. 2. Since ur is the dihedral angle between

the planes consisting of k-k0 (the scattering xz plane) and

k-j0, PðurÞ function describes the k-k0-j0 vector correlation

and could provide some stereo-dynamical information on

the alignment and orientation characters of the product as

well. As shown in Fig. 2, all the values of PðurÞ are larger

or equal to zero except for the case of 3A0 PES in Fig. 2b.

We could also observe that the products formed on 3A0 PES

have the strongest alignment and orientation, and those on
3A00 come second, while those on 1A0 are the least. All PðurÞ
distributions tend to be asymmetric with respect to k-k0

plane (the scattering xz plane), which directly reflects the

strong polarization of product angular momentum j0.
Besides the case of the low collision energy of 14.0 kcal/mol

Fig. 1 The PðhrÞ distributions as a function of both the polar angle hr

and the collision energy Ecol for the O ? HCl (v = 0,

j = 0) ? OH ? Cl reaction on a 3A00, b 3A0, and c 1A0 states

Fig. 2 The PðurÞ distributions as a function of the dihedral angle ur

at four collision energies of 14.0, 16.0, 18.0, and 20.0 kcal/mol (from

inner to outer) for the O ? HCl (v = 0, j = 0) ? OH ? Cl reaction

on a 3A00, b 3A0, and c 1A0 states
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on 3A0 PES (such an energy is approaching to the height of

reaction barrier, which might give the explanation of the

particularity), all the largest peaks of PðurÞ distributions

exist at/around either ur ¼ 90� or ur ¼ 270�, which dem-

onstrates that j0 is preferentially oriented along the positive

or negative direction of y-axis (i.e., the alignment is along

y-axis), respectively. The rotation direction of the product is

not isotropic. Collision energy has influences on the distri-

bution function of PðurÞ. The increasing energy leads to the

variation of alignment and orientation degree and even the

direction of orientation. It seems that on 3A0 state, the effects

of collision energy on product polarization are the most

prominent. Obviously, the PðurÞ distributions display strong

dependent behaviors not only on PESs, but also on collision

energies.

3.3 Joint Pðhr;urÞ distribution

In order to further verify the above-mentioned findings

associated with the influences of potential energy surfaces

and collision energies on the PðhrÞ and PðurÞ distributions,

we also plot the joint Pðhr; urÞ distributions with peaks

and valleys as displayed in Fig. 3. The joint Pðhr; urÞ
distributions performed on 3A0 state in Fig. 3b show the

most sensitive dependence on the collision energy, which

could be observed prominently on the angular distributions

in Figs. 1 and 2.

3.4 PDDCSs

The four commonly polarization-dependent differential

cross-sections (PDDCSs): 2p
r

dr00

dxt
; 2p

r
dr20

dxt
; 2p

r
dr22þ
dxt

; and 2p
r

dr21�
dxt

as a function of both collision energy Ecol and scattering

angle (the angle between the reagent relative velocity k and

the product velocity k0) ht are exhibited in Fig. 4. A high

sensitivity of PDDCSs to the potential energy surface could

be easily observed.

As well known, PDDCS00 is associated with the usual

differential cross-sections, PDDCS20 (alignment parameter),

Fig. 3 Joint Pðhr; urÞ
distributions as a function of

both polar angles hr and ur for

the O ? HCl (v = 0,

j = 0) ? OH ? Cl reaction at

four collision energies of 14.0

(the first column), 16.0 (the

second column), 18.0 (the third

column), and 20.0 kcal/mol (the

fourth column) on a 3A00, b 3A0,
and c 1A0 states
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the expectation value of the second Legendre moment

P2 cos hrð Þh i, PDDCS22?, a reflection of the tendency align-

ment direction with the value of sin2 hr cos 2ur

� �
, and

PDDCS21- is similar with PDDCS22? with the value of

� sin 2hr cos urh i.
The PDDCS00s of the two triplet states (3A00 and 3A0)

show very strong backward scattering, while those of the

singlet state (1A0) demonstrate strong tendency of forward

scattering. The variation laws and the magnitudes of

PDDCS00 with the increase in scattering angles on 3A0 and
1A0 surfaces are similar at different collision energies, and

the only exception is 20.0 kcal/mol on 3A0 surface.

Although the varying collision energy does not change the

scattering direction, it affects the magnitude of PDDCS00.

And on 3A0 state, the influence of scattering angle on

PDDCS00 is the largest.

The PDDCS20s on 3A00 PES are close to -0.5 with the

scattering angle around 150o at low collision energies

(Ecol \ 17.0 kcal/mol), which suggests that j0 is preferen-

tially polarized perpendicular to the reagent velocity under

such condition. While the angular momentum j0 is preferen-

tially vertical polarized (j0?k) at very small scattering angles

(less than 10o) on 1A0, and such polarization of j0 arises

regardless of backward or forward scattering on 3A0. At low

collision energies (Ecol \ 18.0 kcal/mol), the PDDCS20s on
3A0 PES are close to 1.0 when the scattering angles are about

8o, 135o, and 147o. This indicates that the angular momentum

j0 is preferentially parallel or anti-parallel to the reagent rel-

ative velocity (k) on 3A0 state under such conditions. But no

such phenomena occur on 3A00 and 1A0 PESs. The relative

high reaction barrier and deep well structure on 3A0 PES

might answer for its particularities. Moreover, as depicted in

Figs. 1 and 2, on the three electronic states, the dependence of

PDDCS20 on collision energy is not a linear relationship. And

the dependence of PDDCS20 on collision energy is the least/

most for 1A0/3A0 state, which is in agreement with the dis-

tributions of PðhrÞ.
The positive value of PDDCS22? reveals the product

alignment along x-axis. Conversely, the alignment is along

y-axis. And the larger absolute value suggests the stronger

alignment along the relevant axis. Moreover, if the value is

close to zero, there is no obvious alignment direction. For
3A00 and 1A0 states, one could find that the product alignment

is along y-axis at the overwhelming number of scattering

angles, which also could be observed through the PðurÞ
distributions in Fig. 2. For 1A0/3A00 state, alignment at

small/large scattering angles is much stronger. For the 3A0

electronic state, however, the alignment is either along x or

along y-axis with the variation of the scattering angle.

Through comparison, we conclude that 3A0 PES shows the

strongest alignment except for several medium collision

energies, which agrees with the above description of the

PðurÞ distributions. The dependence behavior on collision

energy is the most/least prominent on 3A0/1A0 state, which

also agrees with the case of the PðurÞ distribution functions.

According to the value of PDDCS21- , one could clearly

distinguish whether the product is aligned along the direction

of vector x - z or x ? z. For 3A00 state, negative PDDCS21-

values appearing at scattering angles larger or equal to 61�
(ht� 61�) indicate that the product alignment is along the

direction of vector x ? z at the overwhelming number of

scattering angles, and the product alignment is along vector

x–z since the values of PDDCS21- are smaller than zero at

small scattering angles. For the case of 3A0/1A0 state, the

alignment along x ? z alternating with the alignment along

x - z appears with the increase in scattering angle. And the

values of PDDCS21- alternating negative positive with the

variation of scattering angle are almost a process of syn-

chronization for different collision energies on 3A0 state.

4 Summary

We perform a quasi-classical dynamical calculation to

study the stereo-dynamics information of the title reaction

Fig. 4 The PDDCSs (PDDCS00, PDDCS20, PDDCS22?, PDDCS21-)

as a function of both the scattering angle ht and collision energy Ecol

on a 3A00, b 3A0, and c 1A0 surfaces
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on three different potential energy surfaces. We find the

large influence of the potential energy surface on the

stereo-dynamical characters. According to PðhrÞ; PðurÞ
and Pðhr;urÞ distributions and PDDCS22?, one could

conclude that the degrees of polarization are in the order of
3A0[ 3A00[ 1A0, which are similar with the results of

H/D ? FO ? OH/OD ? F and HF/DF ? O reactions

[59]. The highest/no barrier on 3A0/1A0 state and the

deepest/no well on 1A0/3A0 state might give an explanation

of the interesting features. On the three potential energy

surfaces, all the products are aligned perpendicular to the

initial velocity vector according to the PðhrÞ distributions.

The PDDCS00 on the three states demonstrates different

scattering behaviors—for the two triplet states (3A00 and
3A0), backward scattering prevails, while for 1A0 state

forward scattering dominates, and some information about

the alignment direction and degree is also shown through

PDDCS20, PDDCS22?, and PDDCS21-. Moreover, the

influences of the collision energy on the stereo-dynamics

characters of the title reaction are exhibited in the order of
3A0[ 3A00[ 1A0. We assume that the highest/no reaction

barrier and no/the deepest well structure on 3A0/1A0 state

might give an explanation of their particularities.
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Rábanos V, Aoiz FJ (2005) J Phys Chem A 109:6200–6217

53. Han KL, Zheng XG, Sun BF, He GZ, Zhang RQ (1991) Chem

Phys Lett 181:474–478

54. Li RJ, Han KL, Li FE, Lu RC, He GZ, Lou NQ (1994) Chem

Phys Lett 220:281–285

55. Han KL, He GZ, Lou NQ (1996) J Chem Phys 105:8699–8704

and references therein

56. Zhang X, Han KL (2006) Inter J Quant Chem 106:1815–1819

57. Wang ML, Han KL, He GZ (1998) J Chem Phys 109:5446–5454

58. Wang ML, Han KL, He GZ (1998) J Phys Chem A

102:10204–10210

59. Chu TS (2010) J Comput Chem 31:1385–1396

Theor Chem Acc (2011) 129:173–179 179

123


	Stereo-dynamics study of O + HCl rarr OH + Cl reaction on the 3APrime, 3Avprime, and 1Avprime states
	Abstract
	Introduction
	Methodology and computational details
	Results and discussion
	P( theta r) distributions
	P( varphi r) distributions
	Joint P(\theta_{r} ,\varphi_{r} ) distribution
	PDDCSs

	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


