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SPECTRAL, THERMAL AND BIOLOGICAL ACTIVITY STUDIES ON
RUTHENIUM(II) COMPLEXES WITH SOME PYRIDYLAMINES

M. M. Omar"

Chemistry Department, Faculty of Science, Cairo University, Giza, Egypt

Complexes resulted from the interaction of [Ph;P];RuCl, with 2-aminoethylpyridine (aepy), 2-hydrazinopyridine (hzpy) and
dipicolylamine (dpa) with KPF¢have been isolated from ethanol. The structures of the complexes were investigated using elemental
analyses, IR, magnetic moment, UV-Vis and 'H NMR spectroscopy. The complexes have been isolated as [Ru(hzpy)s](PFe),,
[Ru(hzpy),(aepy)](PFs),. [Ru(hzpy)(aepy).](PFs)., [Ru(dpa),](PFs), in an octahedral geometry. The thermal decomposition of com-
plexes was discussed in terms of their structures and the thermodynamic parameters were evaluated. The metal complexes were
screened for their antibacterial activity against bacterial species, Escherichia coli, Staphylococcus aureus, as well as fungus

(Candida). The activity data show the metal complexes have potent antibacterials against one ore more bacterial species.
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Introduction

The role of ligands in coordination and organometallic
chemistry does not need emphatic presentation since
their fundamental importance in determining the mor-
phology and the chemical-physical properties of the
complexes are well documented by an impressive
wealth of literature data. Pyridylamines find a large ap-
plication in the field of coordination chemistry with dif-
ferent metal ions for their biological, spin transition,
organometallic and catalytic activities [I-15].
Hydrazinopyridine (hzpy), aminoethylpyridine (aepy)
and dipicolylamine (dpa) are extremely capable ligands
for complex formation with metal ions. These ligands,
with diamine groups, which might involve some poten-
tial antitumour properties, encouraged us to study its re-
action with different metal ions. The present study aims
to synthesize and investigate the structures of the new
complexes obtained from the reaction of [Ph;P];RuCl,
with 2-aminoethylpyridene (aepy), 2-hydrazinopyridine
(hzpy) and dipicolylamine (dpa). The thermal analysis is
an important tool in studying the thermal stability and
the kinetics of complexes [16-20], hence the thermal
decompositions and their kinetics were studied.

Experimental
Materials

[PhsP];RuCl, and a2-(2-aminoethyl)pyridine, hzpy
and dpa were supplied from Aldrich. All solvents
were of analytical grade and/or were purified by dis-
tillation before use.
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Synthesis of [Ru(hzpy);](PFs), complex

A mixture of 1.0 mmol of [Ph;P];RuCl, (0.96 g),
3.0 mol of 2-hydrazinopyridine (0.3273 g) and
3.0 mmol of KPF¢ (0.5522 g) were degassed by N, and
stirred for 1 h where a dark blue precipitate was sepa-
rated [16]. The isolated solid was recrystallized from
ethyl alcohol, filtered and washed thoroughly with eth-
anol and then diethyl ether and dried under vacuum.

Synthesis of [Ru(hzpy),(aepy)](PFs), complex

A mixture of 1.0 mmol of [Ph;P];RuCl, (0.96 g),
2.0 mol of 2-hydrazinopyridine (0.2182 g) and
1.0 mmol of 2-(2-aminoethyl)pyridine (0.1222 g) and
3.0 mmol of KPF¢ (0.5522 g) were degassed by N, and
stirred for 1 h where a dark blue precipitate was sepa-
rated. The isolated solid was recrystallized from ethyl
alcohol, filtered and washed thoroughly with ethanol
and then diethyl ether and dried under vacuum.

Synthesis of [Ru(hzpy)(aepy),](PFs), complex

The complex was prepared by the same method as
[Ru(hzpy).(aepy)](PFs), while the mole ratio mixed
were; 1:1:2:3 mmol of RuCls:hzpy:aepy:KPF6, re-
spectively.

Synthesis of [Ru(dpa),](PFs), complex

A mixture of 1.0 mmol of [Ph;P];RuCl, (0.96 g),
2.0 mol of dipicolylamine (0.3986 g) and 3.0 mmol of
KPFs (0.5522 g) were degassed by N, and stirred
for 1 h where a dark blue precipitate was separated.
The isolated solid was recrystallized from ethyl alco-

Akadémiai Kiado, Budapest, Hungary
Springer, Dordrecht, The Netherlands



OMAR

hol, filtered and washed thoroughly with ethanol and
then diethyl ether and dried under vacuum.

Determination of order of the decompostion reaction

The mass fraction of the material (C;) at the DTG
peak temperature (7.) is calculated from the
Horowitz and Metzger equation [17]:

C _VVs_VVf

= 1
T ()

where W; stands for the mass remaining at a given tem-
perature Ty, 1.€. the DTG peak temperature, W is the
initial mass of the material and W} is the final mass of
the material. Then, the order of the decomposition reac-
tion (n) can be calculated from the following relation:

CS:nI/(]fn) (2)

Instrumental methods

Elemental analyses (C, H, N) were made at the
Microanalytical Center at Cairo University; the anal-
yses have been repeated twice. The IR spectra have
been recorded on a PerkinElmer FT-IR type 1650
spectrophotometer in wavenumber region
4000-200 cm™'. The spectra were recorded as KBr
discs. UV-Vis measurements were performed using
1201 spectrophotometer (Shimadzu); in the wave-
length range 200-900 nm. 'H NMR spectra were re-
corded using 300 MHz Varian-oxford Mercury. The
samples were dissolved in deuterated DMSO using
TMS as an internal reference. The molar magnetic
susceptibilities were measured on powdered samples
(Gouy method) using a Sherwood Scientific magnetic
susceptibility balance.

Thermal analysis of the complexes were carried
out using a Shimadzu thermogravimetric analyzer
TGA-50H in a dynamic nitrogen atmosphere (flow
rate 20 mL min") with a heating rate of 10°C min ™"
The mass loss % was measured from the ambient tem-
perature up to 1000°C.

Calculation of kinetic and thermodynamic parameters

Integral method using the Coats—Redfern equation

For a first order process the Coats—Redfern equation
[18] may be written in the form:

o logWw, /W) _
o
T 3)

AR 2RT E*
=log 1- -
OF * E* 2303RT

lo
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where W, is the mass loss at the completion of the re-
action, W, is the mass loss up to temperature T;
(W=W,—W), W is the mass loss up to temperature 7, R
is the gas constant, £* is the activation energy in
Jmol " and 6 is the heating rate.

Since 1-2RT/E*=1, a plot of the left hand side of
Eq. (3) vs. 1/T was drawn which gave straight lines
where the activation energy £* and 4 (Arrhenius con-
stant) were calculated from the slope and the inter-
cept, respectively.

Approximation method using HM equation

For the first order kinetic process, the Horowitz—
Metzger equation [17] may be written in the form:

W, OF *
log| log —= |= ————— —10g2303 4
g[ S ] 2303RT. s )

T max

where 71,,,=DTG peak temperature and 0=T—T,x. A
plot of log[log(W./W,)] vs. © will give a straight line
and AE* can be calculated from the slope.

The activation energy E* was calculated from
both the Coats—Redfern and the Horowitz—Metzger
equations, and then the average of these two values
was used to calculate the in the activation enthalpy
H* using the following equation:

H*=E*-RT (5)

where R is the gas constant (R=8.314 J mol™' K™),
Tmax=DTG peak temperature, which is the maximum
decomposition rate temperature.

The activation entropy S* and the free energy of
activation G* were calculated using the following

equations:
Ah
S*=2303| log— 6
( g KTJR (6)
G*=H*-T,S* 7

Biological activity

A 0.5 mL spore suspension (10 °-107 spore mL™") of
each of the investigated organisms was added to a ster-
ile agar medium just before solidification, then poured
into sterile petri dishes (9 cm in diameter) and left to
solidify. Using sterile cork borer (6 mm in diameter),
three (wells) were made in each dish, then 0.1 mL of
the tested compounds dissolved in DMSO
(20 mg mL™") were poured into these holes. Finally, the
dishes were incubated at 37°C for 48 h where clear or
inhibition zones were detected around each hole.
0.1 mL DMSO alone was used as a control under the
same condition for each organism and by subtracting
the diameter of inhibition zone resulting with DMSO
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from the obtained in each case, both antibacterial activ-
ity can be calculated as a mean of three replicates [19].

Results and discussion

The complexes formed from [Ph;P];RuCl, and aepy,
hzpy and dpa in ethanol were prepared. The com-
plexes were subjected to elemental analysis, spectral
and magnetic investigations to elucidate their struc-
tures. The results of elemental analyses of the isolated
complexes are listed in Table 1. A good agreement
between the experimental and the calculated values
was observed.

Infrared measurements

The IR spectra of the pyridine ligands; Table 2, showed
medium to strong band(s) at 3420-3363 and
3308-3287 cm ' which are assigned to the stretching vi-
bration of the NH,(aepy and hzpy) or NH(dpa) groups.
These bands have been found shifted to lower frequen-
cies in the spectra of all complexes which indicate the
coordination of these groups to metals [15, 20]. The co-
ordination of the NH, or NH groups is also confirmed
from the shift of their deformation vibration found
at 1285-1207 (pNH,), 1150-1048 (pwNH,) and
769759 cm™' (p,NH),) to higher frequencies in the spec-
tra of complexes to be at 1326-1251, 1155-1150 and
781-772 cm™' [15, 20]. The pyridine (py) vibrations in
the higher frequency region are not shifted appreciably
upon complexation, whereas those at 610604 cm'
(in-plane ring deformation) and 415-406 cm
(out-of-plane ring deformation) are found to be shifted
in the spectra of complexes to higher frequencies;
658-640 and 467-436 cm’', respectively [15, 20, 21].
New bands appeared in the spectra of all complexes in
the range 569-545 cm ! which are assigned to the vy N
vibrations.

UV-Vis studies

The UV-Vis spectra of the ligands; Table 1, displayed
two main absorption bands at 370-312 and 279-266 nm
which may be assigned to n—n* and m—n* transition
within the pyridine nuclei [15]. The former one was
found shifted in the spectra of all complexes indicating
that the n—n* is affected by the coordination of the
pyridine nitrogen to ruthenium. In addition, the com-
plexes displayed new absorption band at 645-501 nm
which may be assigned to d—d transition within the
octahedral arrangement [20].The shifts in the maxi-
mum absorption of the [Ru(hzpy),(aepy)](PFs), and
[Ru(hzpy)(aepy).](PFs), to higher wavelengths;
645-528 nm (lower energy; 15504—18939 cm™) com-
pared with the 514 nm (19455 cm™') of the
[Ru(hzpy);](PFe), reflect the strong octahedral field
produced by the bonding of three hzpy ligands with
more electron rich hydrazine group. This field
strength is decreased by subsequent replacement of
the hydrazine group by less electron rich ethylamino
groups of the aepy ligands. This finding can be with-
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Scheme 1 Structures of ruthenium(II) complexes

Table 1 Elemental analysis and UV-Vis spectral data of complexes

Molecular C/% H/% N/% UV-Vis*, Ana/
Compound mass found (calcd.) nm (Age/em )
[Ru(hzpy):](PFs), 718.39 25.77 (25.08)  2.93 (2.95) 17.31 (17.55) 514 (19455) 288sh
[Ru(hzpy)a(aepy)](PFs)s 731.42 2722(27.92)  3.27(3.31) 15.29 (15.32) 528 (18939), 374sh
[Ru(hzpy)(aepy)](PFs) 744.46 30.64 (30.65)  3.62 (3.66) 13.08 (13.17) 645 (15504), 388
[Ru(dpa);](PFe), 789.50 3573 (36.51) 330 (3.32) 9.93 (10.16) 501 (19960), 375

*Fhmax: a€py: 342, 279, hzpy: 312 sh, 266, dpa: 370, 279, nm, sh: shoulder
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drawn also to the [Ru(dpa),]|(PF¢), which was found
to have the highest ligand field (501 nm, 19960 cm ™).
This is expected with two tridentate ligands (dpa’s)
which form with ruthenium four chelate rings com-
pared with three rings formed by hzpy and/or aepy in
the former complexes (Scheme 1).

Diamagnetism of complexes

The magnetic moments of all complexes fell into zero
indicating the diamagnetic nature of these complexes.
The diamagnetism of the isolated ruthenium com-
plexes have been further confirmed from the 'H NMR
spectral measurements of [Ru(hzpy)(aepy),](PFs),
complex. The hzpy and aepy ligands displayed
multiplets at 8.62—7.23 with 4 protons (aepy, hzpy)
assigned for the aromatic protons of the pyridine ring,
Table 2. In addition, aminoethylpyridine (aepy)
showed two doublets at 3.14 ppm and 2.98 with an in-
tegration of 4 protons, assigned to the two CH, pro-
tons. It displayed also singlet at 2.0 assigned to NH,
protons. The 2-hydrazinopyridine displayed two ad-
ditional singlets at 4.0 and 2.0 ppm with integration
corresponding to one and two protons which can be
assigned to NH and NH, protons; respectively.
[Ru(hzpy)(aepy),](PFs), complex showed multiplet
peaks in the range 6.8-9.5 ppm with integration
of 12 protons which may be assigned to the pyridine
ring protons. The complex showed also three peaks in
the range 3.4—4.3 ppm. The first singlet at 4.3 ppm
(1 proton) can be assigned to the NH proton of the
hzpy ligand while the other two multiplet peaks found
at 3.43-3.93 ppm (8 protons) may be assigned to the
four methylenes (CH,) of the two aepy ligands. The
peaks due to the three NH, (with integration of 6 pro-
tons) were found in the range 1.03—1.93 ppm.

The diamagnetic nature of the complexes can be
explained in terms of the low spin d° ruthenium(II)
complexes with t e/ configuration [22].
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Fig. 1 TG and DTG curves of the thermal decomposition of
[Ru(hzpy(aepy).](PFs), complex
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Thermal analyses

The thermal studies of the ruthenium complexes were
carried out using the thermogravimetric TG and the
differential thermogravimetric DTG. The thermal data
was represented by Fig. 1 while the temperature ranges
of decompositions along with the corresponding mass
loss of species for all steps are given in Table 3.

[Ru(hzpy);](PF¢), was thermally decomposed in
four successive decomposition steps within the tem-
perature range 50-1000°C. The first decomposition
step with an estimated mass loss of 2.36% (calc.
mass=17) within the temperature range 50-138°C,
may be attributed to the liberation of the NH; mole-
cule. The second decomposition step found in the
range of 138-258°C with an estimated mass loss
of 5.30% (calc. mass=38) may be corresponded to the
removal of F, molecule. The third decomposition step
found within the temperature range 258—617°C with an
estimated mass losses of 60.56% (calc. mass
losses 436) which is reasonably accounted for by the
decomposition of the organic ligands (hzpy’s) along
with part of the inorganic counter ion as PFs. The rest
of the inorganic counter ion is removed in the fourth
step as PFs5 in a wider temperature range 617-990 with
a mass loss of 17.58% (calc. mass loss=126). Ruthe-
nium metal (Ru) was remained at the end of decompo-
sition as the metallic residue (14.06%; mass=101) [15].

[Ru(hzpy),(aepy)](PFs), decomposed in five de-
composition steps within the temperature range
50-700°C. The first two decomposition steps are very
close (50-114, 114-138°C) with a total estimated
mass loss of 14.85% (calc. mass=109) may be attrib-
uted to the removal a hzpy ligand. The rest of the or-
ganic matter is removed in the third and the fourth de-
composition steps (138-314, 394-571°C) with mass
losses of 21.90 and 14.95% corresponding to
(aepy+F,) and hzpy, respectively. The inorganic mat-
ter is removed in the fifth step (571-700°C) as PFs
leaving ruthenium metal as the metallic residue (mass
remained=13.87%).

[Ru(hzpy)(aepy),](PFs), decomposed in three
well separated steps within the temperature range
276-990°C. The first decomposition step found in the
temperature range 276—480 with mass loss of 21.28%
(calc. mass=158.42) which may be assigned to the re-
moval of aepy ligand along with F, gas. The second
decomposition step found in the temperature range
480-613°C with a mass loss of 48.02% is corre-
sponded to the removal of hzpy, aepy and part of the
inorganic matter as PFs. The rest of the associated
counter ion is removed in the fourth step (742-990°C,
mass loss 16.95%) as PFs leaving ruthenium metal as
the metallic residue (mass remained 13.64%).

[Ru(dpa),](PFs), decomposed in five decomposi-
tion steps within the temperature range of 50-926°C.

J. Therm. Anal. Cal., 96, 2009
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Table 5 Biological activity of metal complexes

Sample Escherichia coli Staphylococcus aureus Fungus (Candida)
C/mg L™ 2 2 2
[Ru(hzpy)s](PFe). ++ ++ _
[Ru(hzpy)»(aepy)](PFe) ++ ++ _
[Ru(hzpy)(aepy).](PF) ++ ++ .
[Ru(dpa),](PF)> -+ -+ —
Tetracycline -+ o+ _
Amphotricine +++ 4+ _

The test was performed using the diffusion agar technique. Inhibition values=up to 10 mm beyond control=+, Inhibition values=11-15
mm beyond control=++, Inhibition values=16-22 mm beyond control=+++, Inhibition values>23 mm beyond control=++++

The % mass losses of the five decomposition steps
found as 4.8, 9.89, 22.95, 17.87 and 31.84 were as-
signed to the removal of F, py, (py+C;H,),
(py+2CH=NH) and 2PFs; respectively. Ruthenium
was found as the remaining residue (12.65%).

Kinetics of thermal decomposition

The complexes decomposed in multi-step pattern, the
Cs; calculated for each step, fell into the range
0.27-0.34 which indicates that all decompositions
follow first order reaction [17, 23]. The thermody-
namic parameters were evaluated based on Coats—
Redfern and Horowitz—Metzer methods and the mean
values obtained for the activation energies and
Arrhenius constant were used; for the sake of accu-
racy, to calculate the other parameters (activation
enthalpy (H*) and Gibbs free energy (G*), (Table 4).

The activation energies of the decomposition were
sum of 179.08, 509.49, 424.86 and 421.32 kJ mol ™ for
[Ru(hzpy)s](PF),, [Ru(hzpy)»(aepy)](PFs).,
[Ru(hzpy)(aepy).](PF¢). and [Ru(dpa),](PFs),, re-
spectively. These values indicate the thermal stability
of the complexes. The decomposition entropy, for the
formation of the activated complexes from the start-
ing reactants, is in most cases of negative values. The
negative sign of the S* suggests that the degree of
structural ‘complexity’ (arrangement, ‘organization”)
of the activated complexes was higher than that of the
starting reactants and the decomposition reactions are
slow reactions [24].

Biological activity

All of the tested metal complexes showed a remark-
able biological activity against the different types of
Gram-positive and Gram-negative bacteria. The data
listed in Table 5. On comparing the biological activity
of the metal complexes with the standard tetracycline
and amphotricine, the following results are obtained:

614

+ The biological activity of the metal complexes are
found to be less than that of standard tetracycline
and amphotricine except the complex.

* [Ru(dpa),](PFs), which has biological activity equal
to that of standard amphotricine. The importance of
this lies in the fact that these complexes could be ap-
plied fairly in the treatment of some common dis-
eases caused by Gram-positive bacterial strains
(Staphyloccus aureus) and also caused by
Gram-negative (Escherichia coli). It is found from
(Table 5) that the metal complex [Ru(dpa),](PF),
has antifungal activity towards Candida more than
the standard. Therefore, it is claimed here that such
complexes might have a possible antitumor effect
since Gram-negative bacteria are considered a quan-
titative microbiological method for testing
beneficial and important drugs, in both clinical and
experimental tumor chemotherapy [25, 26].

Conclusions

An attempt was made to study the structure of Ru(II)
complexes with some pyridylamines. The results sug-
gested that the complexes have an octahedral geome-
try. The study shows that the thermal decomposition
of the complexes follows first order kinetics and the
course of thermal decomposition leads finally to Ru
metal formation. The study also shows that such com-
plexes might have a possible antitumor effect.

References

1 S. K. Padhi, Thermochim. Acta, 448 (2006) 1.

2 B. Macias, M. V. Villa, M. Salgado, J. Borras,
M. Gonzalez-Alvarez and F. Sanz, Inorg. Chim. Acta,
359 (2006)1465.

3 S. Mundwiler, R. Waibel, B. Spingler, S. Kunze and
R. Alberto, Nuclear Med. Biol., 32 (2005) 473.

4 C. Miiller, C. Dumas, U. Hoffmann, P. A. Schubiger and
R. Schibli, J. Organomet. Chem., 689 (2004) 4712.

J. Therm. Anal. Cal., 96, 2009



10

11

12

13

14

15

16

17

RUTHENIUM(II) COMPLEXES WITH SOME PYRIDYLAMINES

A. Mokhir, R. Stiebing and R. Kraemer,

Bioorg. Med. Chem. Lett., 13 (2003) 1399.

G. Baranovi, Chem. Phys. Lett., 369 (2003) 668.

M. Machuqueiro and T. Darbre, J. Inorg. Biochem.,

94 (2003) 193.

D. Choquesillo-Lazarte, B. Covelo, J. M. Gonzalez Pérez,
A. Castifieiras and J. N. Gutiérrez, Polyhedron,
21(2002) 1485.

U. Brand and H. Vahrenkamp, Inorg. Chim. Acta,

308 (2000) 97.

C. Stern, F. Franceschi, E. Solari,C. Floriani, N. Re and
R. Scopelliti, J. Organomet. Chem., 593—-594 (2000) 86.
H. Chaouk and M. T. W. Hearn, J. Chromatogr. A,

852 (1999) 105.

Y. Gultneh, A. R. Khan, D. Blaise, S. Chaudhry, B. Ahvazi,
B. B. Marvey and R. J. Butcher, J. Inorg. Biochem.,

75 (1999) 7.

S. Tachiyashiki and K. Mizumachi, Coord. Chem. Rev.,
132 (1994) 113.

C. P. Kohler, R. Jakobi, E. Meissner, E. Wiehl, H. Spiering
and P. Giitlich, J. Phys. Chem. Solids, 51 (1990) 239.

A. A. Soliman, M. M. Khattab and R. M. Ramadan,
Trans. Met. Chem., 32 (2007) 325.

P. Pearson, A. M. Bond, G. B. Deacon, C. Forsyth and

L. Spiccia, Inorg. Chim. Acta, 361 (2008) 601.

H. H. Horowitz and G. Metzer, Anal. Chem., 35 (1963) 1464.

J. Therm. Anal. Cal., 96, 2009

18 A. W. Coats and J. P. Redfern, Nature, 201 (1964) 68.

19 N. Sari, S. Arslan, E. Logoglu and I. Sakiyan, J. Sci.,
16 (2003) 283.

20 A. A. Soliman, M. M. Khattab and Wolfgang Linert,
J. Coord. Chem., 61 (2008) 2017.

21 K. Nakamoto, Infrared and Raman Spectra of Inorganic and
Coordination Compounds, 4" Ed., Wiley, New York 1986.

22 C. E. Housecroft and A. G. Sharpe, Inorganic Chemistry,
2™ Ed., Pearson Education Ltd, Essex CM20 2JE, England
2005.

23 A. A. Soliman, S. M. El-Medani and O. A. M. Ali,
J. Therm. Anal. Cal., 83 (2006) 385.

24 L. T. Valaev and G. G. Gospodinov, Thermochim. Acta,
370 (2001) 15.

25 A. M. S. El-Sharief, M. S. Ammar and Y. A. Mohammed,
Egypt. J. Chem., 27 (1984) 535.

26 G. G. Mohamed, M. M. Omar and A. M. Hindy,
Turk. J. Chem., 30 (2006) 361.

Received: June 20, 2008
Accepted: October 13, 2008
Online First: February 4, 2009

DOI: 10.1007/s10973-008-9342-2

615




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


