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Synthesis and thermal Kinetic studies

of quinazolin polymer complexes

Polymer of 2- acrolyl—quinazolin-carboxyl and homopolymer (PAQNH) complexes with

, Uoy'", Zr'" and Nb™* metals have been synthesized and characterized using different
Spectroscopzc techniques (‘H- NMR, IR and Uv-Vis) and magnetic measurements. The
results obtained suggest that the metal ions dopping in dimer monomer forming octahedral
complexes. The thermal stabilities of dopping polymer complexes of AQNH with metal
chlorides were studied thermally, The rates of polymerization of quinazoline acrolyl
(PAQNH) in the absent and in presence of metal ions were studied. The activation
parameters of the degradation of doping were discussed and calculated.

Key words: Quinazoline; Dopping, polymer complexes; IR, UV VIS 'H-NMR, (TGA,

DTA).Activation parameters.

1. INTRODUCTION

We have been interested in the chelating pro-
perties of polymers containing mixed donor atom
sets[1-3]. Increasing interest in synthesis and reac-
tivity of polymeric metal complexes of poly (5-
vinylsaliclidene-2-benzothiazoline) (PVSBH,) ari-
ses due to their use against many Metal complexes
of polymers are of interest for a variety of diseases,
antifungial activity and employment in industry[2].
It has recently been observed that some drugs have
increased activity administered as polymeric metal
complexes [1], the azo-dyes form a very interesting
class of reagents for the photometric determination
of niobium [2,1]. New heterocyclic azo compounds
synthesized during the post few years have proved
valuable for the rarer elements. In particular, pyri-
dylazo and thiazolylazo derivatives have attracted
much attention. Because their complexation beha-
viour (the color reaction complex) is often peculiar
[3, 4]. The azo-dyes form a very interesting class
of reagents for the photometric determination of
niobium, new heterocyclic azo compounds synthe-
sized during the post few years have proved va-
luable for the rarer elements. In particular, pyri-
dylazo and thiazolylazo derivatives have attracted
much attention, because their complexation beha-
vior (the colour reaction complex) is often peculiar
[5,6]. In this paper, polymer complexes of 5-vinyl-
salicylidene-2-benzothiazoline with some transi-
tion metal salts were prepared, characterized and
the nature of chelate is discussed.

Address author: Department of Chemistry, Faculty
of Science, Benha University, Benha — Egypt

2. EXPERIMENTAL

Quinazolinone (2-acrolyl-quinazoline) was
prepared as reported previously, and stored over
anhydrous Na,SO4 and 2,2-azobisisobutyronitrile
(AIBN, Eastman Kodak) was purified by recrysta-
lization from EtOH [5].

2- Acrolyl-quinazoline

(AQNH) monomer was prepared firstly new
monomer in this work but the method for prepa-
ration according to reported previously [1].

The homopolymer and its metal polymer com-
plexes were analyzed for C, H, N and S by mic-
roanalytical techniques at Cairo University, Egypt.
Metal contents in the polymer complexes were
estimated by standard methods [8, 9].

o

=
N@CH— CH—%1

Equimolar amounts of quinazoline and acrylic
acid in Et OH were stirred for 24 h to give 2-
acrolyl-quinazoline monomer molecular formula
Cy1HgN,O3: (M. wt. 216) [Caled. (found) C, 61.4
(61.11); H, 6.06 (6.02); N, 21.5 (21.21); O, 36.36
(36.60) %.

Polymer Complexes

Polymer complexes of AQNH Mn(Il), UO(ID),
Zr(IV) and Nb(V) were prepared by dissolving
equimolar amounts of APNH and the metal salt in
DMF with 0.1 w/v AIBN (AIBN=2,2-azobisi-
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sobutyronitrile) as initiator. The mixture was boi-
led under reflux for 6 h and the resulting polymer
complexes precipitated by pouring into a large
excess of distilled H,O containing dilute HCI to
remove contaminating metal salts. The polymer
complexes were filtered off, washed with H,O and
dried in vacuo at 40 °C for several days.

Microanalysis of all the samples was carried
out at Cairo University Analytical Centre, and the

Table (1): Analytical data for the polymer complexes

metal contents of the polymer complexes were
calculated by a standard technique[14] (Table 1).
'H NMR spectra were obtained with a Jeol Fx 90
Fourier transform spectrometer with DMSO-d¢ as
solvent after heating and TMS as the internal
standard. IR spectra were recorded on a Perkin-
Elmer 1340 spectrophotometer, and UV-VIS spec-
tra (nujol mull) on Shimadzu spectrophotometer.

Polymer complex Found (Caled,) % Metal Mo}ar
C H N 0] Cl ratio
[Mn(ANP),.2H,0], 50.48 3.82 10.71 24.74 - 10.52 1:2
(49.90) (3.60) (9.97) (24.60) - (10.04)
[UO,(ANP),.2H,0], 35.77 2.71 7.59 17.34 - 36.59 1:2
(35.20) (2.55) (6.75) (16.95) - (37.30)
[Zn(ANP),Cl,.H,0], 43.21 2.95 9.17 18.33 11.46 14.89 1:2
(42.80) (2.75) (8.96) (17.95) (10.90) (15.30)
[Nb(ANP),Cl;.H,0], 40.74 2.78 8.64 17.28 16.20 14.35 1:2
(40.30) (2.64) (8.110) (16.98) (15.80) (13.95)
Thermal Analysis

Thermogravimetric (TG) measurements were
made using a Du Pont 950 thermobalance. Samples
(10 mg) were heated at 10 °C min" in a dynamic
nitrogen atmosphere (70 ml min"), in a boat-
shaped sample holder, 10x5x2.5 mm deep. The
temperature-measuring thermocouple was placed
within 1 mm of the holder. TG was also used for
the determination of the rate constant of the de-
gradation of (PAEPH) homopolymer and the po-
lymer complexes. Activation energies were obtai-
ned from TG and DTA curves, using the method of
Pilojan and Novikova [11].

3. RESULTS AND DISCUSSION

3.1. Characterization of the homopolymer

2-Acrolyl-quinazoline (AQNH) was prepared
by the a mediation reaction of acrylic acid with
quinazoline in presence of hydroquinone refluxing
in benzene as solvent [12). The monomer (AQNH)
has been characterized in the experimental section.
This monomer was then polymerized by radical
polymerization initiated by 2,2-azoisobutyronitrile
(AIBN). The homopoymer has been characterized
by various techniques [10].

Both IR and 'H-NMR spectroscopy were used
to characterize the (PAQNH) homopolymer. The
IR spectrum of the new ligand Table (2) exhibits
absorptions in common, due to the pyridine ring,
imino, CO, phenyl ring and the — CH,—CH,-
bridge. The vibrations of interest in PAPNH are
the four v (C=C), v(C=N) bands between 1595
and1425 cm™, the C-H in plane deformations in
the region 1225-1045cm™, the ring breathing at
995 and 1005 cm™, the out-of-plane C—H defor-
mation vibrations between 775 and 750 cm” and
the C—C out-of-plane deformation at 400 + 5cm™.

The strong bands at 1595, 1560, 1475 and 1425
cm™ in the PAPNH spectrum are due to C=C and
C=N symmetric and antisymmetric vibrations[12].
The donation of electrons by the nitrogen atom of
pyridine will increase the double bond character of
C=C bonds because of the pull of electrons from
hydrogen to C=C and C=N bonds. A medium to
strong band at 630 cm™ is due to an in-plane
pyridine ring deformation, and a weak to medium
band in the region 415-405 cm’™ is attributed to an
out-of-plane pyridine ring deformation [12].
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Table (2): IR Spectra of (PANQH) and its polymer complex.

Polymer complex vC=C | vNH vC=N OCH vCH v(M-N) | v(M-O) [ vC=0 | yC-O
PANQH 1560 3160 1565,1425 890,480 770,745 - - 1750 1150
[Mn(ANQ),.2H,0], 1610 1572,1440 985,968 775,750 477 531 1680 1570
[UO,(ANQ),.2H,0, 1615 1578,1440 980,960 795,780 540 460 1740 1302
[Zr(ANQ),Cl,.H,0, 1610 1585,1433 954,873 795,780 335 525 1675 1340
[Nb(ANQ),Cl;.Hy], 1616 1570,1480 950.875 783,772 296 510 1730 1300

In PAQNH an intense band in the region 3160-
3170 cm™ is attributed to the intramolecularly hyd-
rogen bonded v (N-H) vibration. The ligands show
strong multiple absorption centred at 1540 cm’,
probably a major contributor being a combination
of a CN stretch coupled with a N-H deformation
mode [12]. The ortho-substituted pyridine ring
exhibits three characteristic bonds around 1290,
1135 and 1040 cm’™".

The 'H-NMR spectrum of PAQNH showed the
expected peaked 6 (DMSO-ds) at 11.1 (H, NH),
2.85 (4H, 2CH,) and 8.56-7.06 ppm (4H, CsH,),
which are downfield from TMS. The first signal
disappeared on adding D,O; the other signals were
still observed. The NMR spectrum of AQNH mo-
nomer showed the expected peaks and pattern of
the vinyl group (CH,—CH), i.e. 6 (DMSO-d¢) 6.25
for the vinyl CH proton and proton & 5.12ppm for
the vinyl CH, protons, respectively. These peaks
disappeared on polymerization while a triplet at &
1.86 and a doublet at & 1.80 ppm appeared. This
indicates that the polymerization of AQN mo-
nomer occurs on the vinyl group [12]. It is worth
nothing that the rest of the proton spectrum of the
monomer and polymer remain almost without
change.

3.2 Characterization of the polymer complexes

The stoichiometries of the complexes have
been deduced from their elemental analyses. These
indicate that the metal-polymer complexes fall into
two distinct categroies, namely 1:1 and 1:2 (ligand:
metal). PAQNH is mononucleating and hence
requires one metal ion for coordination. All the
products were found to be only partially soluble in
common organic solvents. Because of this, it was
not possible to characterize them in terms of their
molecular weights. On the basis of elemental ana-
lysis (Table 1), the compositions of the complexes
agree well with their structural formulae. The
conductances of these polymer complexes were too
low to indicate any dissociation

3.3 IR spectra

Table 2 gives diagnostic IR and for IR bands.
In the v (O—H)yaer region, the spectrum of com-
pound shows two strong, sharp bands at 3430cm’
attributed to the presence of coordinated water!"".
The presence of coordinated water is further con-
firmed by the appearance of a non-ligand band in
the region 830-840 cm™, non-ligand band in the
region 830-840 cm™', assignable to the rocking mo-
de of water[14]. The spectrum of polymer exhibits,
in addition to the bands of coordinated water, a
broad continuous absorption at 3510-3100cm™,
which is apparently due to the presence of both
coordinated and crystal water in this compound. In
all the other compounds, a strong and broad absor-
ption at 3480-3150cm™ indicates that lattice water
is present.

On examination of IR spectra of homopolymer
and polymer complexes, it is observed that there is
no significant change in C=0, but there is strong
multiple absorption centered at 1530 cm™ in the
homopolymer, probably a major contribution being
a combination of a CN stretch coupled with a N-H
deformation mode. This disappears in most
complexes, which is evidence of the loss of the N—
H proton on complexation. The vibrations due to
v(C=C) and v(C=N) are shifted to higher regions.
This indicates participation of pyridine nitrogen
during chelation, which is also confirmed by an
upward shift of the pyridine ring breathing modes
to about 1015 cm™ and ring deformation modes to
the 630 and 430 cm™ regions. The Zr (IV) polymer
complexes show v (Zr—Cl) frequencies that seem
too low for terminal Zr—Cl bonds and correspond
to bridging chlorine (225-340 cm™) groups. Howe-
ver, bands in the region 350-390cm” may be
attributed to terminal Zr—Cl groups, to which there
are no corresponding ligand bands.

The v (M—Npomep) and v (M—Nyy,) assignn-
ments are in agreement with literature data!'® It is
well known!' that metal-nitrogen stretching vibra-
tions are often coupled with other normal modes of
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vibration of the same symmetry, especially ring vi-
brations. Thus, the proposed assignments in Table
2 must be regarded as approximate descriptions of
the vibrations. The absence of a v(M—CI ) band in
the appropriate region in compounds, and the
appearance of a new weak to medium band at
395cm™, is assigned to v (M—O)[14] in compound.

The [UO,(AEP)(AcO)(OH,)] spectrum exhibi-
bits characteristic bands for the monodentate ace-
tate group at 1620 and 1395 cm™ with Av = 235cm™
'. The spectrum also exhibits three bands at 907,
799 and 275 cm’! assigned to vs, v; and v, of the
dioxouranium ion. The force constant, f, for the v
(U=0) vibration was calculated according to the
method of McGlynn[17] and was found to be
6.793 mdynes / A°. The U-O bond distance was
calculated using the following equation:

Ruo=108f""+17

The U-O bond distance is around 1.740 A,
which lies in the usual range (1.60-1.92 A) obser-
ved for the majority of dioxouranium (VI)
complexes.

The UV spectrum of the uranyl complex ex-
hibits a band at 219 100cm™ assigned to the
Es"'—*n, transition[17].

3.4 Stereochemistry

The polymer complexes are diamagnetic as ex-
pected for square planar d* metal ion complexes.
The electronic spectra of square planar Mn*" and
Nb>* polymer complexes are expected to show
three d-d bands ,'A ;> 'As, (~19400, 30040 cm’™);

'Ajg — 'Big (~23500, 32 230 cm™);
and 'A; > 'E, (~29 380, 39550 cm™),
Table (3): Apparent activation energy of polymer-

rization of (AQN) homopolymer and poly-
mer complexes of AON with NbCls

Polymer AIBN w/v E, (KJ mol™)
PAQN 0.1 108:67
AQN-NbCl; 0.1 98:25
PAQN 0.2 103:54
AQN-NbLCl; 0.2 65:40
PAQN 0.3 95.38
AQN-NbLCl;s 0.3 35.60

In order of increasing energy (Table 3). The
values of ligand field parameters, A;, A, and A 3,
were calculated [18] using various energy level

diagrams. These are consistent with the values re-
ported earlier for such complexes [19]. The A
value for Nb°* complex is must higher than that
observed for Mn®" complex but is in accordance
with those required for Nb>" square planar com-
plexes. The values of A; lie between those obser-
ved for cyanide (~ 30000 cm™) and chloride com-
plexes (~ 19000 cm™) and are consistent with
intermediate ligand field strength [18].

where X=U0, Y=—
X=Nb Y=Ch
X=Zr Y=Ch

All these observations taken together with the
wide range of coordination numbers ranging from
4 to 8 suggest that in these complexes zirconium
exhibits a coordination number of 5 or 6.

However, it is known from the available data
[20] that complexes belonging to d°, d* and d'
systems have trigonal bipyramidal configuration,
and only a few have square pyramidal configu-
ration. In view of these findings for the zirconium
complexes, it may be suggested that these com-
plexes may exist as trigonal bipyramidal structures.

3.5. Thermal methods of analysis

Thermal studies have been carried out on the
polymer complexes. The thermal decomposition of
the polymer complexes was studied using TGA/
/DTA techniques. The TG curves of all complexes
show a first mass-loss between 55 and 120°C that
corresponds very well to the release of the water
content. (The relatively low temperature of water
loss shows that this is lattice held). Polymer com-
plex releases water in two steps, from 35 to 215°C
indicates that stable hydrated intermediates cannot
be formed. A clear TG plateau after complete
dehydration is reached for all complexes, up to
165°C, the decomposition of the anhydrous species
starts almost immediately after dehydration. The
curves for all polymer complexes have similar
patterns. After three stages of weight loss, the mass
of the samples becomes constant above 530-
700°C. The DTA curves exhibit several endo-
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thermic peaks, I (130-145 °C), II (250-285 °C) and
III (395-420 °C), and also two exothermic peaks, I
(350-365 °C) and II (430-475 °C). The composi-
tions of the intermediate compounds formed at va-
rious stages of the thermal decomposition were
evaluated by calculation from weight loss measu-
rements (TG curves). The PAQNH homopolymer
degrades in two stages, initially at 100 °C with
35% weight loss. Followed by a second stage at
155°C with 40 % weight loss. There are three
degradation stages in all the polymer complexes.
The first stage is probably due to the loss of water
molecules in the structure. TG studies showed that
all the compounds decomposed in a first step at
around 130-385 °C, losing the greater part of the
ligand atoms. In a second step the halogens and/or
halide heterocyclic base and the remaining part of
the ligand were lost. The straight chain in homo-
polymer and polymer complexes gave higher va-
lues of weight loss during the first decomposition
step. Only small differences were observed in the
characteristic temperatures corresponding to the
second and third steps, which can be accounted for
by the formation of a common decomposition pro-
duct at the end of the first step.

The final details in the TG curves occasionally
indicate two- or three-stage degradation, without
any well defined plateau, all the compounds attai-
ned constant weight at 530-700 °C. Weight loss
continued without interruption up to around 500°C,
at which temperature the weight of the residue

(metal oxides) was in good agreement with those
calculated from the metal content. Finally, the ha-
logeno complexes are most stable. It is evident that
differences in the initial decomposition tempera-
ture of step 2 for the polymer complexes are due to
the influence of the anion. The dehydration energy
calculated for these effects varied between 40.0
and 29.0 kg mol™', while A H = 52.0 kg mol™ (per
H,O released) for compound.

3.6 Kinetic of polymerization

The polymerization of (PAQNH) in the absent-
ce and in the presence of Mn(II), UO,(II), Zr(IV)
and Nb(V) chlorides were carried out using 0.1,
0.2 and 0.3 w/v AIBN in DMF for various periods.
The conversion was DMF for various periods. The
conversion was calculated using the equation [17]:

1
Conversion% = WPC—XOO

TPC

Where Wp¢ is weight of the polymer complex and
Wipc is total weight of the polymer complex
according to the suggested structure.

The conversion increases with increasing con-
centration of AIBN. The rate of polymerization
increases as a result of addition of metal chlorides
in the order AQN-UO,

Cl; > AQON-Nb Cls > AQN-ZrCl;> AQN-MnCL,.

(0) 0.1 w/v A/BN of PAQN

(*) 0.1 w/v A/BN of PAQN

(x) 0.1 w/v A/BN of PAQN

(A) 0.1 w/v A/BN of AQN-NbCl;.
(™ ) 0.2 w/v A/BN of AQN-NbCls
(0) 0.3 w/v A/BN of AQN-NbClIs

VT % 30T

Figure 1. Arrhenius plot of the polymerization rate constant of PAQN homopolymer
and AQN with NbCls polymer complexes
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The polymerization of AQNH in the presence
of NbCls was carried out at various temperature
(60, 65, 70 and 75 °C) with different concentra-
tions of initiator for various periods. Show the
conversion percentage in the absence and in the
presence of NbCls at different concentration of
initiator. The role of polymerization increases with
rising temperature, the apparent activation energies
(E.) were determined [14] plats of log (initial rate)
versus 1/T were linear Fig. (1).

Table (3) gives the activation energies in the
absence and in the presence of NbCls. The acti-
vation energies for PANP are higher than for ANP-
NbCls polymer complexes and decrease with in-
creasing AIBN initiator concentrations.

The synthesis of thermally stable polychelates
and their thermal decomposition now promises an
interesting area in the chemistry of heat-resistant
polymers. Some of the polymers containing metal
ion linked by chelate rings derived from organic
backbone units are much more stable than aliphatic
rings, and have significantly higher melting
temperatures. The greater stabilities of the polymer
complexes compared with homopolymer may be
due to the formation of six-membered ring
structures in the homopolymer complexes.

The values of energy of activation (E,) for de-
hydration of the polymer complexes were deter-
mined from TG and DTA curves, using the met-
hods of Pilojan and Novikova [17].

REFERENCES

[1] E. H. El-Mossalamy and A. A. Khalil; Eur. Polm. J.
32, 3, 397-400 (1996).

[2] Desai T. and Suthar B. Synth. React. Inorg. Met.-
Org. Chem. 16, 675, (1986).

[3] V.N. Tikhonov, Zn, Analit. Khim. 32, 1435 (1977).

[4] 1. M. Gibalo, Analytical Chemistry of Niobium and
Tantalum, Israel Program for Scientific Tran-
slations, Jerusalem (1968).

[5] Vogel, A. I. A Textbook of Quantitative Inorganic
Analysis, Longmans, London (1982).

[6] H.R.Hovind, Analyst 100, 769 (1975).

[7] Grant D.M., Grassie N. J. Polym. Sci. 42, 587
(1960).

[8] Vogel A. 1. A Textbook of Quantitative Inorganic
Analysis 3™ Edit., Longman (1969).

[9] A. Sanz Medel, C. Camara Rica, J. A. Perez-
Bustamanate, Anal. Chem. 52, 1035 (1980).

[10]A. S. Amin, G.O. El-Sayed, Y.M. Issa, Microchem.
J. 52,367 (1995).

[11]Pilojan, G. O. & Novikova, O. S., Zh. Neorg.
Khim., 12, 602 (1967).

[12]E.H.El-Mossalamy and A.A.Khalil ; Annili Di
Chem. 92,7-8, p. 741-748(1998).

[13]Prashar, P. & Tandan, J.P., J. Less-Common
Metals, 15, 4473 (1968).

[14]E. H. El-Mossalamy ; Bull. Electrochem. 17 (10),
Oct. 473-476(2001).

[15]Woodward, L. A. & Taylor, M. T., J. Chem. Soc.,
4473 (1960).

[16]Nakamoto, K., Infrared and Raman Spectra of In-
organic and Coordination Compounds, 4™ Edn.
Wiley, New York, (1986).

[17]McGlynn, S. P., Smith, J. K. & Weely, W.C.J. Mol.
Spectrosc., 6, 164 (1961).

[18]Lever, A. B. P., Inorganic Electronic Spectroscopy.
Elsevier, Amsterdam (1968).

[19]Rana, V. B., Sahni, S. K. & Sangal, S. K., Acta
Chim. Scand., 101, 405 (1979).

[20] Muetterties, E. L. & Wright, C. M., Q. Rev. Chem.
Soc., 21, 109 (1967).

28 ZASTITA MATERIJALA 49 (2008) broj 3




<<
  /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 /Error
  /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
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


