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Abstract: The relation between time-dependent population of vibrational state
and collision-induced state-to-state rate coefficients is discussed within the
Landau-Teller kinetic equations for the relaxation of harmonic oscillators in
a heat bath. In particular, the increase of the populations in the first and the sec-
ond vibrational state of an initially cold oscillator shows a considerable variety of
its relation to a single Landau-Teller state-to-state rate coefficient. It is suggested
that this variety should be kept in mind when experimental studies of the relax-
ation of specific level are analyzed.
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1 Introduction

Vibrational relaxation and dissociation of diatomic molecules in a heat bath pro-
vide a simple example for transient multilevel kinetics. There are extensive solu-
tions of the respective master equations, employing various models for collision-
induced state-to-state (StS) vibrational transitions and transitions to the dissocia-
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tion continuum (see e.g. [1-7]). For not too high temperatures, relaxation and dis-
sociation are decoupled, implying that the former establishes a non-equilibrium
quasi-stationary distribution before a noticeable fraction of molecules has chance
to arrive at the dissociation. Under this condition, the vibrational relaxation can
be treated disregarding dissociation. The form of the kinetic relaxation equations
and the general properties of their solution are well documented (see e.g. the
texts [8—11]). While a variety of approximations for setting up the relaxation equa-
tions is available, a closer look at the simplest of these equations appears worth-
while, in particular when analytical solutions are possible. We are motivated for
this work through our recent reinterpretation of the vibrational relaxation NO in
Ar [12, 13]. Originally, the experimental data were reported either in terms of the
first-order (FO) rate laws [14, 15] or within a simplified two-state (TS) approxima-
tion [16] where the kinetics was characterized by apparent state-specific (SSp) rate
coefficients.

In order to arrive at a transparent relation between the StS and SSp rate pa-
rameters, in this article we adopt the Landau-Teller (LT) approach to multi-state
kinetics. We first consider some general features of TS and LT models (Section 2),
then discuss possible relations between the apparent SSp and the fundamental
StS rate coefficients (Section 3). Finally we apply these relations to the relaxation
of population of the first and second vibrational states of an initially cold har-
monic oscillator (Section 4). Section 5 concludes the paper.

2 Two state (TS) vs. Landau-Teller (LT) model

The first relaxation models [17, 18] employed a TS concept (for the ground and the
first excited vibrational states). The TS model allows one to derive well-defined
apparent state-specific SSp rate coefficient that describes the exponential change
of population of the excited vibrational state of a diatom, and relates this to the
StS rate coefficient that describes the transfer of population from the excited to
the ground state. The TS relaxation equation contains a single StS kinetic param-
eter, k?ﬁ (T), that is related to the collisional deactivation of the first vibrational
state in the 1 — 0 transition upon collisions of the diatom with the atoms X at the
heat bath of temperature T'. An analytical solution for the time dependent popu-
lation of the first level, xfs(t) (and hence that of the zeroth level, xgs(t), due to
the normalization xgs(t) + xfs(t) = 1) which asymptotically approaches its final
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equilibrium value xf? = xf?(T) starting from its initial value xfls reads

TS _ 1T (p)
L = FRO = exp-IXIK (D) )
1f li

Here kfs is a SSp relaxation rate coefficient which is related to the state-to-state
rate coefficient k;; by

ki*(T) = kys(T) (1 + b(T)) @

where b(T') is the Boltzmann factor for level v = 1 above the level v = 0 with the
energy difference AE,, b(T) = exp(—AE,,/kgT). Equation (1) defines the SSp rate
coefficient kIS(T ) and provides the relation to the StS rate coefficient kIS(T ) by
Equation (2).

After papers [17, 18], it was quickly realized [19], with the citation of the
Landau and Teller’s work published later [20], that a two-level scheme, except
for special particular cases, is not adequate. The LT model represents a multi-
level vibrational manifold of harmonic oscillator states which are weakly cou-
pled to a stochastic Boltzmann reservoir and which are only allowing the nearest-
neighbor transitions v <> v + 1 with linear dependence of the StS rate coefficient
on the vibrational quantum number:

kyyo1 = vk
kv—l.v = vklOb (3)

Similar to the TS model, the LT model requires asingle StS rate coefficient
k,o(T) only. However, for this model, the relaxation kinetics for the population
of a specific vibrational state is not exponential, and therefore well-defined SSp
rate coefficients do not exist. Thus, the question arises whether ill-defined appar-
ent SSp rate coefficients k,(T") nevertheless can be related to the well-defined StS
rate coefficient k,(T).

The LT relaxation equations for the populations x,(t) employing StS rate co-
efficients from Equation (3), possess the remarkable property that the mean en-
ergy E™ of the ensemble of the harmonic oscillators (HO) exponentially relaxes
from its initial value E; towards its final, thermally equilibrium, value E Iz This
is described by the LT expression (also cited sometimes as Bethe-Teller equa-
tion [21, 22]):

E?O ~ B ()

F(t) = om0
E;IO _ E?O

= exp(—[X]kgt) (4)
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Here where kj is an energy relaxation rate coefficient which is related to the state-
to-state rate coefficient k;, by

ky = kyp(1 - b). )

In Equation (4) E; = E(¢)| _, and E® = AE,,b/(1 - b). Note that Equation (4)
is valid irrespective of an initial distribution of populations, xf,{io, of vibrational
(oo}
states that defines the quantity E; by E; = Y vAE,x™.
v=0
The evolution of the population of individual states, xﬁT(t), is described by
analytical solution of the LT kinetic equations [23], and it depends on the initial
distribution xfio. A particular case, as discussed below, is the relaxation starting

from an initial Boltzmann distribution of temperature T}, for which
xh0 = (1 - by,
E, = AE,)b,/(1 - by) 6)

with b, = exp(—AE,,/kgT,). The Boltzmann-to-Boltzmann (from T}, to T') relax-
ation of the harmonic oscillators within the LT model then occurs through a set of
Boltzmann distributions (the so-called canonical invariance):

X2 (7, by, b) = (1 - a(t, by, b))a’ (, by, b) 7)

where 7 is the reduced time, T = [X]k,t, related to the rate of the energy relax-
ation, see Equation (4). The explicit form for the function a(z, b, b) reads [23]:

(1 -by) — exp(—71)(1 - by/b)

a(z, by, b) = (8)
0 (1 -8y)/b - exp(-1)(1 - b,/b)
with the initial and final values given by
a(t, by, b)|T=0 =b,,
a(t, by, b)|r=00 =b. )
The expression
HO _ _IT
X, — X, (7,by, b)
: foO - xHQO = Fz%T(T’ by, b) (10)

with x:’fo = (1 — b)b’ then is the the LT counterpart of Equation (1) for an initial
Boltzmann distribution. However, the expression in Equation (10), in contrast to
Equation (1), does not have exponential form.
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3 Apparent SSp rate coefficients for LT model

Though FII}‘T(T, by, b) in Equation (10) is not exponential in time, one may try to fit
it by an exponential in analogy to first order (FO) kinetics

F,'(7,by,b) = F,""(1, by, b) = exp (-« (b, b)7) . (11)

Here 7 should cover a reasonable range dictated by the experimental conditions
and it corresponds to the trial value of the apparent rate coefficient, Kl]jTFo(bo, b),
which can be regarded as SSp rare coefficient for the LT model. This implies that
KLTFO will depend, beside the heat bath parameters b, and b, also on a certain
parameter p that governs the choice of the above “trial value”, i.e. KLTFO

KETFO(bO, b, p). Once KLTFO is chosen, it relates a SSp rate coefficient k, to a StS
rate coefficient k,, by requiring that FI%TFO from Equation (11) coincides with its

SSp counterpart
F3% (1, by, b) = exp(—«,(by, b)T). (12)
In this way one gets an expression
ky(Bos b, p) = 50O (by, b, p)keyo(B)(1 = D), (13)

which relates the multitude of experimentally measured rates k,(b,, b, p) to
asingle LT rate coefficient k,,(b).

A possibility of such a fitting is illustrated by Figure 1 which shows the drop
of the function F,fT(T, by, b), forb, = 1/10,b = 1/2, from 1 to 0.1, i.e. by one order
of magnitude such as relevant to the experimental conditions. The approximately
linear dependence of log F-' (7, by, b) on  across this interval is observed for v =
1,2, 3 but noticeable non-linear incubation periods are clearly apparent for higher
v; these are due to the late arrival of populations at higher levels from the lower
ones.

The quality of the exponential fitting is illustrated by Figure 2 for b, =
1/10, b=1/2.1t clearly shows the difficulties with this type of fit for v = 3; for v = 4,
the exponential fitting appears inadequate. However, one can improve the LTFO
fitting by introducing a delayed LTFO exponential (DLTFO) which corresponds to
a first-order kinetic equation as

F)M0(1, 7, by, b) = exp [0 (b, b, 1) (T - 1)O(T — 1) (14)
dFP0 1dr = OBy, b, 1,)O(7 — 7,) OO (15)
where O is the step function, and 7, is adelay time. We see from Figure 2 that,

for v = 4, the DLTFO graph noticeably differs from the LTFO graph but reproduces
reasonably well the LT graph.
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Figure 1: Single-level LT relaxation curves (log scale), FbT(r, by, b) vs. 7 (labeled by quantum
numbers v) for b, = 1/10,b = 1/2 (full lines). Open circles correspond to the exponential
relaxation of the oscillator mean energy, Fg(r, by, b) vs. . Interestingly, the population in level
v = 3 relaxes approximately at the same rate as the mean energy (for these values of 4, and b).

One way to choose SSp rate coefficients and to inspect the corresponding
accuracy of the exponential approximation consists in the following procedure:
one forces Equation (11) to pass through the point FIETFO = p at the time 7, =
7,(by, b, p), such as found from the requirement that the solution of the LT ki-
netic equation describes the drop of FvLT by the same factor p during the time pe-
riod 7, = 7,(by, b, p). In this way, the SSp rate coefficient k, (b,, b, p) is expressed
through StS rate coefficient k,, as

k,(by, b, p) = K, (by, b, p)k;,(b) (16)
with
_ (I-b)lnp
(b b p) = === 1)

Here, 7, is found from the equation

FX (7, by, b) (18)

=7, (by,b,p) = p
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Figure 2: Single-level LT relaxation curves (log scale), FH(T, by, b) (full curves), their FO fitting
F:;TFO(T, by, b) (dashed straight lines) for b, = 1/10, b = 1/2 (labeled by quantum numbers v).
Fitted rate coefficients are «}' (b, b) = 2.8, k5" (b, b) = 1.3, x5 (b, b) = 1, &5 (b, b) = 0.8. Forv = 4,
the DLTFO fitting F?'"™ (1, b, b, 7,;) (diamonds) corresponding to 2" (b, b,7,) = 1 and 7, = 0.3
is also shown.

The variety of KETFO(bO, b, p) found from avariation of p across a “reasonable”
range (as determined by the experimental conditions) characterizes the accuracy
of the exponential approximation.

4 Relaxation of initially cold oscillator

We illustrate the preceding analysis by the case of an initially cold oscillator with
b, < 1,b (typical conditions for relaxation in shock waves). Then, Equation (8)
becomes

1 - exp(-7)

1/b — exp(-7) (19)

a(T’ bO’ b)|b0<<1,b =
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and the expressions for FULT(T, by,b) are simplified. For instance,
F{“T(T, by, b)’b il = F}T(‘r, b) becomes:
() >

1 - exp(-7)
(1 - bexp(-1))?

In this case, equation Equation (18) can be solved analytically yielding, together
with Equation (17), the following expression for K, (b,, b, p)|b0<<b , =K, (b, p):

Fl(r,b) =1~ (20)

_ -b)l

K (b, p) = % e
_2b(1-p)-1 (zb(l—P)—l)2 P

M) = 5 - \j w1-p) ) " P-p (22)

The graphs of K, (b, p) are shown in Figure 3 for three values of p: p = 1/2,
p =1/eand p = 1/5. Had the decay been exponential, all three curves would
coincide. The difference between curves for various values of p characterize the
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Figure 3: Coefficients K, (p, b) in Equation (21) vs b for different values of p (solid lines). Also
shown is the result for a TS model (dashed line). The upper abscissa axis refers to temperatures
for NO molecule with AE,/kg = 2700 K.
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Figure 4: Similar to Figure 3 but for K,(p, b).

accuracy of the exponential approximation. For instance, with T' = AE,,/kg (i.e.
b = exp(-1) = 0.368), the difference in K, (b, p) for p = 1/2 and p = 1/5 equals
0.20, while the mean value of K for these two values of pis about 1.35. Also shown
in this Figure is K¥S(b) = (1 + b), the respective quantity for the two-states ap-
proximation, see Equation (2). The convergence of K, (b, p) to K¥S (b) with decreas-
ing b is a manifestation of progressively better performance of the TS approxima-
tion when transitions to (and from) higher states are ignored. On the other hand,
asharp increase of K; (b, p) for b about 1/2 and higher is related to the overshoot
phenomenon (see below).

Similar plots, but for K, (b, p), are shown in Figure 4. Here the curve for the
TS model is absent since it is not applicably to the case v = 2.

As a practical example, we consider now the vibratioinal relaxation of NO in
Ar behind a shock wave studied experimentally in Ref. [15, 16] in a wide tempera-
ture range. For relaxation in v = 1 state, the relation between the measured rate
coefficients k; [15, 16] and the fundamental rate coefficients k,,, as predicted by
the above treatment, is given in Table 1 as a list of conversion factors K; = k, /k,,
for different temperatures and parameters p that determines the point at which
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Table 1: Conversion factors K, between SSp rate coefficients k, and StS rate coefficients k,, for
the relaxation of NO (v = 1) for different temperatures T and various values of the fitting
parameters p.

T 1800 K 2100 K 2400 K 2700 K 3000 K
p=1/5 1.05 1.10 1.15 1.23 1.31
p=1Je 1.13 1.19 1.26 1.35 1.44
p=1/2 1.17 1.24 1.32 1.41 1.51

the exponential LTFO kinetics (see Equation (11)) is fitted to the non-exponential
LT kinetics.

For afixed value of p, the temperature dependence of K, demonstrates the
manifestation of the multiple-state relaxation kinetics in an approximate first or-
der single state kinetics. For a fixed temperature, the dependence of K, on p indi-
cates uncertainties in the approximation of non-exponential kinetics by an expo-
nential decay.

Turning now to relaxation in v = 1 and v = 2 states, we show in Figure 5 the
predicted time dependence of populations of the vibrational statesv = 1and v = 2
of NO behind ashock wave at T' = 2700 K in a heat bath which was initially at
room temperature. For this case, b, is about 3 x 107, and b = 0.368. The figure
shows graphs of FILT(T, b) and FZLT(T, b) (full lines) which clearly demonstrate the
change of slopes in the former (dashed lines) and the appearance of an incuba-
tion period in the latter (open symbols). Also shown are the graphs for FILTFO (t,b)
and FZLTFO(T, b) with KILTFO =1.7, KETFO =1.1. Forv = 1, the straight line is defined
by the condition that it connects the correct initial and final points of FILT(T, b).
For v = 2, the straight line is defined by the condition that it starts at the correct
initial point of FZLT(T, b) and then asymptotically runs parallel to FZLT (t,b).Thera-
tio KETFO / K]fTFO, equals 0.647, while the ratio of the experimental rate coefficients
k,/k, is 0.65 (see Ref. [15], Table 1). If one goes to lower temperatures, the difficul-
ties with FO interpretation of the relaxation increases due to the longer induction
period for v = 2 state.

One more interesting feature should be mentioned. For high enough tempera-
ture T, the populations of some lying levels pass, in the relaxation course, through
asingle maximum (the overshoot phenomenon), so that the function FII:T(T, b)
changes its sign before disappearing at equilibrium. For a given value of v, the
overshoot occurs under condition b > v/(v + 1). For v = 1, the asymptotic (for
7 > 1) form of FILT(T, b)is

F'(r,b)| = (1-2b) exp(~7) + (2b - 3b) exp(-27) + O(exp(-31)). (23)
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Figure 5: Single-level LT relaxation curves (NO + Ar, log scale), FILT(T, b) and FZLT(T, b) for

b, = 3 x 10~* (room temperature before the shock front) and b = 0.368 (T' = 2700 K behind the
shock front) for AE,,/kg = 2700 K (solid curves). Dashed lines show the change of slopes in the
linear approximation of the exponent for v = 1, and symbols indicate the existence of the
induction period for v = 2. Also shown are the graphs for FF(z, b) and £ (7, b) with

K}TFO =17, K;TFO = 1.1 (dotted lines). For v = 1, the straight line is defined by the condition that
it connects the correct initial and final points of FILT(T, b). Forv = 2, the straight line is defined
by the condition that it starts at the correct initial point of FZLT(T, b) and then asymptotically runs
parallel to F¥' (7, b).

Here, the threshold value of b that corresponds to the overshootis 1/2. Forb < 1/2,
the function FILT(T, b) approaches zero from above, and for b > 1/2 from below
(overshoot). In both cases, the time dependence of FILT(T, b) is governed by the
lowest eigenvalue of the LT kinetic matrix (factor of unity in front of 7 in the ex-
ponent of the first term in the r.h.s. of Equation (23)). For b = 1/2, the first term
in Equation (23) vanishes, and the long-time decay of FILT(T, b) is governed by the
second eigenvalue (factor of two in front of 7 in the remaining term in the r.h.s. of
Equation (23)). Figure 6 shows examples of FILT(T, b) for the values of b = 1/2 as
well as below (b = 1/4) and above (b = 3/4) it. Also shown are possible exponen-
tial approximations to these three cases.

Finally we emphasize that our analysis refers to Boltzmann-to-Boltzmann
relaxation (shock wave conditions) and not to arelaxation of an initial non-
Boltzmann distribution (e.g. an optical excitation of a single vibrational state).
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Figure 6: Illustration of the overshoot for v = 1. Plots of F, (z,b) vs. 7 for b = 1/4, 1/2, 3/4 (solid
lines) and approximations of F, (z,b) by exponentials exp(—f7) with 8 = 1.61, 3.68, 17.5
respectively (dashed lines). These exponentials are fitted by the requirement that they coincide
with F, (z,b) at points where F, (z,b) = 1 and F,(t,b) = 0.5. The exponential with 8 = 1 (open
circles) correspond to the energy relaxation.

5 Conclusion

The interpretation of the vibrational relaxation kinetics in terms of state-specific
relaxation rate coefficient meets some difficulties. First, this quantity cannot be
strictly defined on the basis of a relaxation master equation since the population
change of a single state is not exponential. Second, if it is defined on the basis of
experimental data as an effective rate coefficient, one should carefully indicate the
time interval across which the change of the population was measured. The latter
information can be used in forcing non-exponential relaxation to be represented
by an exponential, thus allowing one to relate SSp rate coefficients to StS rate
coefficients which enter into the master equations and which can, in principle, be
calculated theoretically.

The outlined concept has no advantage compared to a direct numerical so-
lution of the relevant rate equations provided they contain well-defined state-to-
state rate coefficients. However, if the latter are taken in a trial numerical form,
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it is difficult to adjust them to a single effective rate coefficient derived from the
experimental kinetics of the population change. Moreover, such an adjustment
(many unknown to one known quantity) will suffer from several uncertainties.
We therefore decided to use an analytical solution of Landau-Teller rate equation
that contains a single state-to-state rate coefficient. This allows to see the accuracy
and possibility of adjustment of an exponentially-fitted experimental kinetics of
asingle-level population to the theoretical non-exponential kinetics. In this re-
spect the present approach is superior (compared to numerical solution of kinetic
equations with fitted state-to-state rate coefficients) for an evaluation of experi-
ments since it is more transparent. Its performance was demonstrated in Section 3
by introducing a concept of the delayed first-order relaxation, and in Section 4 by
aovershoot phenomenon. However, a simple case of single-level relaxation dur-
ing thermal heating of the ensemble of initially cold oscillators (e.g. behind the
shock wave front) shows ambiguities in the use of SSp rate coefficients for the
single-state relaxation kinetics. Fortunately, for the first vibrational state, the StS
and a set of related SSp rate coefficients do not differ much and sometimes their
difference falls into the accuracy range of the experiment provided that the heat
bath temperature is noticeably below the overshoot threshold. The situation can
be completely different for higher vibrational states where the population kinet-
ics in the Boltzmann-to-Boltzmann relaxation shows an incubation delay. Similar
difficulties arise when the initial state does not correspond to a Boltzmann distri-
bution (e.g. it is prepared by an optical excitation).

Acknowledgement: This work acknowledges many stimulating discussions with
Professor Juergen Troe and his continuing interest in our work.

References

V.A. LoDato, D.L.S. McElwain, and H. O. Pritchard, ). Am. Chem. Soc. 91 (1969) 7688.

. J.E.Dove and D.G. Jones, ). Chem. Phys. 55 (1971) 1531.

. J.E.Dove and J. Troe, Chem. Phys. 35 (1978) 1.

H. Teitelbaum, Can. ). Chem. 61 (1983) 1253.

H. Teitelbaum, Can. ). Chem. 61 (1983) 1267.

H. Teitelbaum, Can. ). Chem. 61 (1983) 1276.

H. Teitelbaum, Chem. Phys. 124 (1988) 55.

I.V. Adamovich, S. 0. Macheret, ). W. Rich, and C. E. Treanor, AIAA] 33 (1995) 1070.

M. Capitelli (Ed.), Nonequilibrium Vibrational Kinetics, Springer, Berlin Heidelberg (1986).
M. Capitelli, C. M. Ferreira, B. F. Gordiets, and A. |. Osipov, Plasma kinetics in Atmospheric
Gases, Springer, Berlin Heidelberg New York (2000).

SV®NOWHWN P

[y



1574 —— E.I. Dashevskayaetal. DE GRUYTER

11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22.

23.

R. Brun (Ed.), High Temperature Phenomena in Shock Waves, Springer, Berlin Heidelberg
(2012).

E.l. Dashevskaya, E. E. Nikitin, and J. Troe, Phys. Chem. Chem. Phys. 17 (2015) 151.

E.l. Dashevskaya, I. Litvin, E. E. Nikitin, and J. Troe, J. Chem. Phys 142 (2015) 164310.

G. Kamimoto and H. Matsui, J. Chem. Phys. 53 (1970) 3987.

K. Glaenzer and J. Troe, ). Chem. Phys. 63 (1975) 4352.

K. Glaenzer, Chem. Phys. 22 (1977) 367.

A. ). Rutgers, Ann. Phys. 16 (1933) 350.

A. Eucken and R. Becker, Z. Phys. Chem. B 27 (1934) 235.

A. Eucken and H. Jaacks, Z. Phys. Chem. B 30 (1935) 85.

L. Landau and E. Teller, Phys. Z. Sowjetunion 10 (1936) 34.

H.A. Bethe and E. Teller, Ballistic Research Labs. Rept. X-117, Aberdeen Proving Ground
(1945)

H. A. Bethe, Selected Works of Hans A. Bethe, Ch. 14: Deviations from Thermal Equilibrium
in Shock Waves (with E. Teller), p. 295, World Scientific, Singapore (1997).

E. W. Montroll and K. E. Shuler, J. Chem. Phys. 26 (1957) 454.



	On the Relation between Population Kinetics and State-to-State Rate Coefficients for Vibrational Energy Transfer
	1 Introduction
	2 Two state (TS) vs. Landau–Teller (LT) model
	3 Apparent SSp rate coefficients for LT model
	4 Relaxation of initially cold oscillator
	5 Conclusion



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 800
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
    /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 <>
  >>
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


