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Theoretical Study on Polymerization of Oxepane High Explosives

Joon-Tae Kim'

Abstract

Oxepane high explosives substituted to explosive group such as azido, nitrato and hydrazino are investigated
theoretically the acid catalyzed reaction using the semiempirical MINDO/3, MNDO and AM1 methods to use as the
guidelines of high explosives. The nucleophilicity and basicity of oxepane high explosives can be explained by the value
of negative charge on oxygen atom of oxepane and the reactivity in propagation step can be represented by the value
of positive charge on carbon atom and low electrophile LUMO energy. It was known that carbenium ion was favorable
due to the stable energy (19.507~32.101 Kcal/mol) between oxonium ion and carbenium ion in the process of cyclic
oxonium ion of oxepane high explosives being converted to open carbenium ion in oxepane high explosives. The value
of concentration of cyclic oxonium ion and open carbenium ion in equilibrium status was found to be a major determinant
of mechanism, it was expected to react faster in the prepolymer propagation step in SN1 mechanism than in that of S\2.
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1. Introduction

It was studied for the useful possibility of oxepane
being an energized binding to the polymer!'? when
monomer is grafted to the reactivity of open prepolymer
as the synthesis method of cyclic ether was introduced.
It is in 5th hazardous materials and open prepolymer of
the monomer was applied as a combiner of high explo-
sion as these compounds of substitution (-CH,ONO,,
-C H,N3, -CH,N,H3) product which are part of ener-
gized binding are explosive.

Reactive mechanism and active chemical species are
influential to the polymerization when cyclic ether and
acetal series react with open copolymer under the acid
catalyzed reaction in the propagation step and there are
steric hindrance effect of a substitute, polar effect and
the thermodynamic effect of ring strain which could
effect to the nucleophilic monomer”!. Penczek et al.™
explained the copolymerization of acetal and cyclic
ether under the acid catalyzed polymerzation as the
additional reaction by the electrostatic effect when the
protonated monomer reacts to the polymer.

The reactive velocity of the polymerization and the
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equilibrium of oxonium-carbenium ion which is one of
active chemical species in the propagation step was con-
sidered as Sy1 and Sy2 mechanism due to the compet-
itive reaction of the growth of polymer. Chien et al.”!
mentioned that a-oxycarbenium ion that is active chem-
ical species in the propagation step in 2-butyl-1,3-
dioxepane and 2-butyl-1,3,6-trioxocane which are 2-
substitutional acetal does an important role in reactive
mechanism. And the nucleophilic and basicity which
are a degree of reactivity between two monomers in the
polymerization are possible to study in IR and NMR*

On the other hand, the polymerization of energized
substitutive oxetane!”*) monomer was studied under the
acid catalyst and it brought the result of the polymeri-
zation! between energized oxetane monomers. It was
possible to know that the nucleophilic and basicity that
is a degree of reactivity between two monomers of ener-
gized substitutive oxetane through getting the most nor-
mal alternating copolymer when the product of
reactivity ratio between two monomers approaching to 1.

Also, it was known that the nucleophilic and basicity
of monomer and the changeable reactivity due to tran-
sition of substitute, when compared to contra reactivity
of copolymerization when the substitutes change.

The issue for energized bonding materials improving
the weakness of the mechanical prop- erty!*!! contrary
to high energy has constantly been studied for their
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practical usage. Exothermic reaction could be emerged
when the energized bonding materials get heated
according to the chemical structure or disassembled by
contact with combustibles material, heat of fire, humid-
ity, shock and friction when it is carried or storaged.

This study was investigated to know the reactivity,
reactive mechanism and the process of reactivity of
oxepane high explosives including MNO, MAO, MHO,
which were explosive energized bonding materials and
also in Sth hazardous matters under the acid catalyst
polymerization. And formal charge, heat of formation
and energy level were used to get a conclusion using
MIND 0O/3, MNDO, AM1 which were semiempirical
molecular orbital methods.

2. Calculation

The program used in this study was, restricted Har-
tree-Fock of AM1 (austin model 1), MINDO/3 (modi-
fied intermediate neglect of differential overlap), and
MNDO (modified neglect of differential overlap) which
was a semiempirical methods!'">!*. Calculated mono-
mers of oxepane high explosives are oxepane, MNO
(methyl nitrate oxepane), MAO (methyl azide oxepane),
and MHO (methyl hydrazine oxepane). Especially
MNO, MAO, MHO are monomers of oxepane high
explosives including explosive groups of nitrato, azido
and hydrazino. The least condition of energy of the
monomer structure of every molecule has been taken by
normal value and this structure has been used to the
monomer structure of cyclic open compound. The mon-
omer of oxepane high explosives was calculated as nor-
mal, oxonium and carbenium type and also safe general
type was used to calculate in the normal status between
monomers.

3. Result and Discussion

Polymerization of oxepane high explosives monomer
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Scheme 1. Reaction progress in propagation step.
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under the acid catalyst changes its mechanism due to
the concentration of cyclic oxonium ion and open
carbenium ion, which are chemical species in the prop-
agation step. And transferring the charges of reactive
centered atom of monomer due to the substitute effect,
steric hindrance effect and molecular orbital energy
level are dominant elements on the decision of the reac-
tivity™. The process of reactivity in propagation step
has been issued™ because of (1), (2) in Scheme 1.

Charge value to the monomer of oxepane high explo-
sives calculated by semiempirical method of MINDO/
3, MNDO and AM1 was summarized in Table 1. The
investigation of the nucleophilic and basicity of cyclic
monomer was known by IR and *C-NMR!® and these
properties of monomer were directly proportional to the
value of a negative charge of oxepane-oxygen atom due
to the calculation of Table 1. And it was expected that
the reactivity of monomer would get larger as the pos-
itive charge of centered-carbon atom when these mon-
omers were attacked by electrophilic agent because
hard-hard type reactivity was dominant charge-adjust-
ing one according to hard and soft acid and base prin-
ciple!'*!,

There was contradiction that a charge of carbon atom
appeared to positive charge in MINDO/3 and MNDO
methods but it did to negative charge in AM1 method
when the value of charge of oxepane monomers was
observed. It had turned out that the value of negative
charge of oxygen atom among monomers has changed

Table 1. Formal charges of oxepane high explosives by MINDO/3, MNDO, and AM1 methods

MINDO/3 MNDO AM1
Oxepanes
C, Cy Cs o C, Cs o C, Cy Cs
Oxepane -0.339 0.372 0.091 0.375 -0.319 0.131 0.134  0.134 -0.281 -0.035 -0.216 -0.032
MNO -0.327 0380 0.115 0383 -0.302 0.145 0.145 0.142 -0277 -0.033 -0.177 -0.029
MAO -0.320 0.401 0.124 0.411 -0.298 0.146  0.148 0.146 -0.273 -0.030 -0.165 -0.023
MHO -0.313 0415 0.236 0415 -0281 0.147  0.152 0.148 -0.262 -0.027 -0.134 -0.024
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little due to the change in substitute in every positive
charge of carbon atom that was attack calculation meth-
ods in Table 1 and the value of centered electrophile of
monomer appeared in order of value, MHO > MAO >
MNO > oxepane. Under the acid catalyst polymeriza-
tion, as the negative charge of oxygen atom that was
nucleophile among monomers increased, the interaction
of electrostatic attraction increased proportionally
among molecules and so did the reactivity.

The heat of formation of oxepane high explosive
monomers was resulted in Table 2. Also, it was showed
that the stability of the molecule itself decreased while
the heat of formation made a marked energy as it had
positive value of energy. It had been investigated the
calculation of the heat of formation by AM1 method
had an approximate value to experimental value!',
especially it appeared a complete positive charge in
MAO and MHO, and the heat of formation had the
potential to change to positive value in MNO monomer
including nitrato group.

Table 3 showed the electric charge value calculated

Table 2. Heat of formation (AH;) of oxepane high
explosives by MINDO/3, MNDO, and AM1 methods

Heat of formation (kcal/mol)

Oxepanes
MINDO/3 MNDO AM1
Oxepane -49.338 -62.056 -51.378
MNO -61.426 -8.343 11.817
MAO -46.652 41.891 59.322
MHO -35.971 117.240 136.319

177

by AM1 method for every monomer of oxepane high
explosives and it is explained that was calculated by
MNDO method in Table 4. The charge of every chem-
ical species showed noticeably the positive charge of
carbon that was substituted to explosive group like
-CH,0NO;, -CH;N; -CH;N,Hj in Table 3 and 4 and it
showed that the positive charge of reactive centered car-
bon showed a large value to open carbenium ion than
to cyclic oxonium ion in comparison with protonated
cyclic oxonium ion and open carbenium ion. It implied
that the chemical species to the substitute group was
proportional to the value of the positive charge of reac-
tive centered carbon. It suggested Sy1 mechanism has
more potential in open cyclic status since the positive
charge of reactive centered carbon is advanced in open
carbenium ion. This implied the electrostatic attraction
of two chemical species in transition state reacted gen-
erally better in open carbenium ion than in cyclic oxo-
nium ion when it comes to electrophilicity and also was
advanced in MNDO method than in AMI.

On the other hand, Klopman!' explained the change
in energy (reactivity between molecules) that happens
when a molecular orbital overlaps with molecules that
has another energy level including electrostatic attrac-
tion term and perturbation term. Regarding the reactiv-
ity of acetal series and cyclic ether is as same as the
energy of ring strain suited to the change of substitute
group under the acid catalyst polymerization, it could be
presented to formula (3) that considered with perturba-
tion term and electrostatic attraction term, since this
combine ionic bonding and covalent bonding. First par-

Table 3. Formal changes of oxepane high explosives by AM1 method

Normal form

Oxonium ion Carbenium ion

Oxepanes
(¢} C, Cy Cs o C, Cy Cs (¢} C, Cy Cs
Oxepane  -0.281 -0.035 -0.216 -0.032 -0.213 0.163 0.181 0.185 -0.203 0.166 0.197 0.198
MNO -0.277 -0.033 -0.177 -0.029 -0.203 0.180 0.192 0.195 -0.192 0.182 0.201 0.205
MAO -0.273  -0.030 -0.165 -0.023 -0.195 0224 0.236 0236 -0.181 0229 0.239 0.241
MHO -0.262 -0.027 -0.134 -0.024 -0.188 0256 0.268 0269 -0.172 0261 0.271 0.278
Table 4. Formal charges of oxepane high explosives by MNDO method
Normal form Oxonium ion Carbenium ion
Oxepanes
C, Cy Cs o C, Cy Cs (¢} C, Cy Cs
Oxepane -0.319 0.131 0.134 0.134 -0284 0.165 0.184 0.187 -0.244 0.246 0246 0.246
MNO -0.302  0.145 0.145 0.142 -0275 0.193 0.198 0.198 -0.223 0.265 0.267 0.267
MAO -0.298 0.146 0.148 0.146 -0.247 0241 0246 0245 -0201 0.319 0.319 0.320
MHO -0.281 0.147 0.152 0.148 -0.222 0268 0271 0271 -0.181 0.351 0.352 0.352
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agraph is directly proportional to the product of reactive
centered charge in electrostatic attraction term, and sec-
ond one is in inverse proportional to the gap of energy
level (AE=Epnomo-Erumo) between two molecules in
perturbation term and is proportional to the value of res-
onance integral (/) and matrix element which is a factor
(C) of reactive centered atomic orbital. In perturbation
term, the bigger the reactivity is, the bigger matrix ele-
ment is, but the smaller the gap of energy of two orbitals
(AE)) is. The main reactivity by the gap of charge of
reactivity substance is controlling the charge and AE;
influences the reactivity to the control of the gap of
energy as the effect of AE;is outstanding when the gap
of energy charge is relatively small between two ele-
ments of perturbation term and matrix elements decides
the reactivity when the factor of orbits of two atoms gets
bigger.

2
AE = Onomo Qrumo " 2(Cromo’ Crumo™ P) (1)
eR Eyomo—Erumo

It is summarized in Table 5 and 6 by calculating the
energy level of HOMO and LUMO of oxepane high
explosives in AM1 and MNDO methods. It was
expected that the reactivity between monomer and equi-
librium of open carbenium ion or activated cyclic oxo-
nium ion in polymerization was in better position when
the HOMO (highest occupied molecular orbital) energy,
which was nucleophilic of monomer was high, and the
reactivity increased as the value of perturbation term
from the formula (3), since the gap of energy (AE)) got

lower when the LUMO (lowest unoccupied molecular
orbital) energy, which was electrophilic of carbenium
ion or activated oxonium ion in propagation step. It was
more reactive in MNDO method than in AM1 one, in
carbenium ion than in oxonium ion and it also repre-
sented that the order of substitutive oxepane, which
MHO > MAO > MNO was relatively coincident to that
of the heat of formation of Table 2. It was known that
the reactivity of open carbenium ion was advantageous
when compared to the action between activated elec-
trophiles like cyclic oxonium and open carbenium ion
and monomers like electrophile oxepane, MNO, MAO
and MHO. Thus, the reactivity to the polymerization of
oxepane high explosives went after to the HSAB prin-
ciple, which happened at the same time controlling
reaction of energy gap of perturbation term that was
soft-soft interaction and hard-hard one, an electrostatic
effect when the positive charge of reactive centered car-
bon atom showed large value. Especially, in case of
MNO, MAO, MHO, which were explosive monomers
in Table 3 to 6, the concentration of carbenium and oxo-
nium ion that were species under the acid catalyst
polymerization in propagation step influenced the reac-
tivity mechanism but carbenium ion type showed an
active movement in controlling charge reactivity and
energy level control that were electrostatic interactions.

Calculation about the heat of formation of oxepane
high explosive monomer by AMI method in Table 7
and MNDO method was mentioned in Table 8. It could
be known that the low value of the energy (19.507~

Table 5. Energy levels (eV) of HOMO and LUMO of oxepane high explosives by AM1 method

Normal form

Oxonium ion Carbenium ion

Oxepanes
HOMO LUMO HOMO LUMO HOMO LUMO
Oxepane -10.691 2.889 -17.914 -5.658 -16.023 -8.123
MNO -11.286 -0.095 -15.990 -5.317 -14.562 -7.537
MAO -9.773 -0.173 -12.965 -5.142 -13.719 -7.514
MHO -8.046 -0.261 -10.278 -4.983 -11.675 -6.863

Table 6. Energy levels (eV) of HOMO and LUMO of oxepane high explosives by MNDO method

Normal form

Oxonium ion Carbenium ion

Oxepanes
HOMO LUMO HOMO LUMO HOMO LUMO
Oxepane -11.006 -3.101 -17.871 -5.363 -16.277 -8.028
MNO -11.393 -0.821 -14.135 -5.278 -12.385 -6.702
MAO -9.780 -1.256 -10.397 -5.127 -11.351 -6.811
MHO -8.802 -1.986 -9.673 -5.722 -9.157 -6.646
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Table 7. Heat of formation (AH,) of normal form, protonated oxonium ion, and open carbenium ion of oxepane high

explosives by AM1 method

Oxepanes Heat of formatoin (kcal/mol) AH; (AH,-AH,)
Normal form (AH)) Oxonium ion (AH,)  Carbenium ion (AH,) kcal/mol
Oxepane -32.647 141.276 153.243 11.967
MNO 15.242 182.346 158.261 -24.085
MAO 84.590 253.912 223.091 -30.821
MHO 107.604 338.788 306.687 -32.101

Table 8. Heat of formation (AHf) of normal form, protonated oxonium ion, and open carbenium ion of oxepane high

explosives by MNDO method

Oxepanes Heat of formation (kcal/mol) AH; (AH,-AH,)
Normal form (AHj) Oxonium ion (AH,)  Carbenium ion (AH,) kcal/mol
Oxepane -21.461 159.363 172.715 13.352
MNO 13.110 134.492 114.985 -19.507
MAO 67.418 235.317 211.312 -24.005
MHO 91.242 310.435 287.257 -23.178

32.101 keal/mol) in carbenium ion including explosive
group (-CH,ONO,, -CH,N;, -CH,;N,H;) made it
stablized in the equilibrium of oxonium and carbenium
ion of oxepane high explosives. This is the evidence
that carbenium ion, which is explosive in propagation
step was much more stabilized than oxonium ion was
and this expected the mechanism had converted S\2 to
Sx1. And the values to use these methods had proved
out similar result that was studied by Cheun et al”\.
Fig. 1 represented the change of heat of formation
according to the C-O formation of nucleophilic oxepane
monomer to activated cyclic oxonium ion and that for-
mation with nucleophilic oxepane to MHO that has the
largest heat of formation and reacts greatest among
oxepane high explosives. The transition state of C-O
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Fig. 1. C-O bond formation of MHO oxonium ion and
oxepane.

formation when the monomer attacks the cyclic oxo-
nium ion was the most stabilized form when the com-
plex was observed at 3.00 A.

On the other hand, the additional activating transition
state of nucleophilic oxepane monomer to open carbe-
nium ion on Fig. 2 became stable when the length of
C-O formation was 2.30 A The length of C-O forma-
tion was longer by 1.43 A" in C-O formation among
molecules and shorter than 3.00 A of C-O formation
when mo- nomer attacks oxonium ion. This meant the
prepolymer was formed by additional reactivity in

propagation step. The aspect of prepolymer in prop-
agation step appeared the length of the stabilized C-O
formation was 3.00 A when oxepane monomer was
added to activated cyclic oxonium ion while the length

CH3NzH3

AN

Heat of formation (Kcal/mol)

D T T T S A TR B
O W NOOUVHAEWNRO

oy

2 22 23 24 28 32 36 4 44 48 52
r (C-O formation angstroms)

Fig. 2. C-O bond formation of MHO carbenium ion and
oxepane.
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of formation with monomer in open carbenium ion was
230 A.

And MNO, MAO and MHO, which were substituted
to high explosives in Table 7 and 8 were much more
stabilized by 19.507~32.101 kcal/mol of carbenium ion
between oxonium and carbenium ion in equilibrium. It
was expectable that this polymerization mechanism
would conv- erse to Sy1, since it was influenced by sta-
bilized energy, the concentration value of chemical spe-
cies, and this led to the thick concentration of carbenium
ion.

4. Conclusions

Oxepane high explosives of 5th hazardous materials
which are substituted to explosive azido group (-CH,N3),
nitrato group (-CH,ONO,), and hydrazino group (-CH,
N,H;) has been studied to know their reactivity, reactive
mechanism and the process of reactivity under the acid
catalyst polymerization using semiempirical MINDO/3,
MNDO and AMI1 methods to investigate the formal
charge, heat of formation and energy level.

1) Oxepane high explosives had similar reactivity
and the reactivity was proportional to the value of neg-
ative charge of oxygen atom, to the value of positive
charge of carbon atom in propagation step, was bigger
when the low LUMO energy of oxonium and carbe-
nium ion.

2) The heat of formation of oxepane high explosives
changed to positive mark as it became energized while
the stabilization of molecule gets lower. It was expected
that mechanism would converse Sy2 to Sy1 as the sta-
bilized energy of carbenium ion in oxepane ring-open-
ing reaction in propagation step would become more
stable by 19.507~32.101 Kcal/mol.

3) The attack of monomer to carbenium ion would
made prepolymer form easier in propagation step
because the length of C-O formation of oxonium ion
when complex attacked by nucleophilic monomer
formed in oxonium ion and carbenium ion of oxepane
high explosives was 3.00 A and that of carbenium ion
was 2.30 A.

This study has led that it might be much safer in reac-
tivity and mechanical character when oxepane high
explosives are carried or storaged if they are made to
convert over to carbenium ion than to oxonium ion in
the manufacturing process.

ZARAA =] A5HE A3E, 2012
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and reaction progress of oxepane high

1

2 Q : Oxepane

4
O’ CH20NO2 : MNO (methyl nitrate oxepane)
O’ CH2N3 : MAO (methyl azide oxepane)
O’ CH2N2H3 : MHO (methyl hydrazine oxepane)

Hf
R
R R
H* —_—
—_— — H- H2*

Normal form Oxonium ion Carbenium ion

References

[1] S. Penczek, P. Kubisa, and R. Szymmanski, “Acti-
vated monomer propagation in cationic polymeriza-
tions”, Makromol. Chem., Macromol. Symp. Vol. 3,
pp- 203-220, 1986.

[2] P. M. Lahti and C. P. Lillya, “An AM1 computa-
tional study of the cationic polymerization mecha-
nism of cyclic acetals”, Macromolecules, Vol. 23,
pp- 1214-1218, 1990.

[3] D. Cremer and E. Kraka, “Theoretical determination
of molecular structure and conformation. 15. Three-
membered rings: bent bond, ring strain, and surface
delocalization”, J. Am. Chem. Soc., Vol. 107, pp.
3800-3810, 1985.

[4] S. Penczek and R. Szymanski, “The carbenium ion-
onium ion equilibria in cationic polymerization”,
Polym. J., Vol. 12, pp. 617-628, 1980.

[5] J. C. W. Chien, Y. G. Cheun, and C. P. Lilya, “Cat-
ionic polymerization of dioxepane and its 2-alkyl
derivatives”, Macromolecules, Vol. 21, pp. 870-875,
1988.

[6] S. Sasaki, “Handbook of proton-NMR spectra and
data”, Asahi Research Center Co. Ltd (Ed), Aca-
demic Press Inc., Tokyo, Vol. 1~5 ,1985.

[7] Y. G. Cheun, J. T. Kim, and S. K. Park, “Theoretical
studies on the cationic polymerization mechanism
of oxetanes”, J. Korean Chem. Soc., Vol. 35, pp.
636-644, 1991.



Theoretical Study on Polymerization of Oxepane High Explosives 181

[8] J. T. Kim, “A study based on molecular orbital the- QCPE, Program 506, Version 2.10 was used in this
ory polymerization of oxetane high explosives”, J. work.
Korean Ind. Eng. Chem., Vol. 20, pp. 159-164, [13] M. ]. S. Dewar, E. G. Zoebisch, and J. J. P. Stewart,
2009. “Development and use of quantum mechanical
[9] N. P. Cheremisinoft (Ed). “Handbook of polymer molecular models. 76. AMI1: A new general pur-
science and technology”, Marcel Dekker, Inc., New pose quantum mechanical molecular model”, J. Am.
York and Basel, Vol. 3, PP. 503-539, 1989. Chem. Soc., Vol. 107, pp. 3902-3909, 1985.
[10] S. C. Moon, H. S. Jung, J. C. Lee, J. W. Hong, J. [14] L. Fleming, “Frontier orbitals and organic chemical
K. Choi, and B. W. Jo, “Preparation and properties reactions”, 5th Eds., Wiley Interscience, New York,
of low density polyethylene/organo claynano com- 2006.
posite”, J. Korean Ind. Eng. Chem., Vol. 16, pp. 52- [15] G Klopman, “Chemical reactivity and the concept
60, 2005. of charge and frontier controlled reactions”, J. Am.
[11] S. H. Park, T. V. Phuong, H. W. Song, K. N. Park, Chem. Soc., Vol. 90, pp. 223-225, 1968.
B. M. Kim, and Y. S. Choe, “Mechanical properties [16] B. Bigot, A. Sevin, and A. Devaquet, “Ab initio
and morphology of epoxy/polyamide/DDS/2E4MZ- SCF calculation on the photochemical behavior of
CNS reactive blends”, J. Korean Ind. Eng. Chem., the three-membered rings, 3. Oxirane: ring open-
Vol. 19, pp. 471-476, 2008. ing” J. Am. Chem. Soc., Vol. 101, pp. 1095-1100,
[12] M. J. S. Dewar, E. G. Healy, and J. J. P. Stewart, 1979.

J. Chosun Natural Sci., Vol. 5, No. 3, 2012




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


