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Thermal decomposition of compounds consisting of tetrahalogenocuprate(Il), [CuBr,Cly,]> (#=0-4) anions and a
tetracthylammonium cation has been studied using TG-FTIR, TG-MS, DTA and DTG techniques. The measurements were carried
out in an argon and air atmospheres over the temperature range 293—1073 K. The products of the thermal decomposition were iden-
tified by IR and Far Infrared (FIR) spectroscopy as well as X-ray powder diffractometry.
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Introduction

First  reports on  compounds  containing
halogenocuprate anions, [CuX4]*, where X =CI or
Br, appeared in 1959 [1-5]. In addition to complexes
with monohalide anions, also those with mixed an-
ions, [CuBr,Cls,]* have subsequently been pub-
lished [6]. Owing to the possibility of occurrence of
the central ion in different geometric environments
consisting of four halide ligands, those compounds
have become interesting subjects for spectroscopic
[7-16] and magnetic [17, 18] exploration.

Many tetrahalogenocuprates exhibit
thermochromic properties. For instance, a green
R,[CuCly], where R=(CH3),CHNH; [9] or (C;Hs),NH,
[11], has a square planar geometry, whereas its yellow
modification is tetrahedral. Roberts ef al. [8] have found
that thermochromism frequently occurs in compounds
incorporating N—H-+*Cl hydrogen bonds.

Our study has been focused on copper(Il) com-
pounds with [CuBr,Cl, ,]*~ (7=0-4) anions stabilized by
a quaternary cation. Elimination of the hydrogen bonds
has been intended to exclude the thermochromism in or-
der to be able to preserve physical properties of the com-
pounds up to their thermal decomposition points. More-
over, thermal decomposition of the
tetracthylammonium cation could be determined [19]
thus facilitating correct interpretation of the thermal de-
composition steps of the inorganic constituent.

In the preceding reports, the series of analogous
compounds with Co(II) [20] and Fe(III) [21, 22] as the
central ion have been studied. The complexes of general
formula [Et;N],[CoBr,Cly,], underwent thermal de-
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composition in three steps independent of the composi-
tion of the anion and oven atmosphere. However, the at-
mosphere affected decomposition residues. In an inert
atmosphere, CoCl, and Co,C were the final products,
whereas in an oxidative atmosphere Co;0, was left be-
hind. In this contribution, copper(Il) has been chosen to
determine the influence of the central ion on thermal sta-
bility of the halide complexes of metals(II) of the first
row of transition elements.

By inspection of the TG, DTG and DTA curves
and using the IR, FIR and MS techniques as well as
the results of elemental analyses and X-ray powder
diffractometry of polycrystalline samples, products of
successive steps of thermal decomposition of the
[Et4N],[CuBr,Cly ,,] compounds have been identified.
As previously, the measurements were run in argon
and static air.

Experimental
Materials

The copper(Il) complex salts were obtained by a pro-
cedure described in the literature, by mixing together
stoichiometric quantities of a copper(Il) halide with
tetraethylammonium chloride and/or bromide in etha-
nol [1, 6].

Synthesis of [Et;N],[CuCly]

CuCl2H,0 (0.05 mol) was dissolved in a small
quantity of ethanol and the solution was added to
ethanolic solution of Et;NCI (0.1 mol). (Found:
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C, 41.1; N, 6.0; H, 88; Cl, 30.3. Calcd. for
[EtsN][CuCly], C, 41.2; N, 6.0; H, 8.7; Cl, 30.5%).

Synthesis of [EtyN],[CuBry]

[Et4N],[CuBr4] was also prepared as described, by us-
ing CuBr, (0.05 mol) and Et,NBr. (Found: C, 30.0;
N, 4.4; H, 6.2; Br, 49.2. Calcd. for [Et;N],[CuBry],
C,29.9; N, 4.4; H, 6.3; Br, 49.6%).

Synthesis of [Et;N], [CuBrCl;]

CuCl,-2H,0 (0.05 mol) was dissolved in a small
quantity of ethanol and the solution was added to an
equimolar mixture (0.05 mol each) of Et;NCI and
Et4yNBr in ethanol. (Found: C, 37.5; N, 5.5; H, 8.0;
Br, 18.0; Cl, 20.0. Calcd. for [Et;N],[CuBrCls],
C,37.7; N, 5.5; H, 7.9; Br, 15.7; Cl, 20.9%).

Synthesis of [EtyN],[CuBr;Cl]

[EtyN],[CuBr;Cl] was prepared as described, but
CuBr; (0.05 mol) was used as a copper halide.
(Found: C, 32.1; N, 4.7; H, 6.8; Br, 40.0; Cl, 5.9.
Calcd. for [Et;N],[CuBr;Cl], C, 32.1; N, 4.7; H, 6.7;
Br, 40.0; CL, 5.9%).

Synthesis of [Et;N],[CuBr,Cl,]

CuBr; (0.05 mol) was dissolved in a small quantity of
ethanol and the solution was added to an ethanolic solu-
tion of Et;NCI (0.01 mol). (Found: C, 34.9; N, 5.1;
H, 7.4; Br, 29.1; Cl, 12.9. Calcd. for [Et;N],[CuBr,Cl,],
C, 34.6; N, 5.0; H, 7.3; Br, 28.8; Cl, 12.8%).

The compounds were dried in a desiccator over
P,0s. Upon storage at ambient temperature over a
couple of weeks their structure did not change.

Methods

Potentiometric titrations were carried out using stan-
dard electrodes, SCE (indicator electrode) and silver
electrode (the reference one). The IR spectra were re-
corded on a BRUKER IFS 66 spectrophotometer in a
KBr pellet over the 4400-650 cm ' range and the FIR
spectra (650-50 cm ') were taken in PE.

Thermogravimetric measurements
(TG-DTG-DTA) were run in static air on a
model OD-103 derivatograph of Hungarian origin
(range 293-1073 K, Pt crucible, sample mass
ca. 500 mg, Al,O; as reference, heating rate
5K min ).

The TG-FTIR analyses in argon (Ar 5.0) were
run on a Netzsch TG 209 apparatus coupled with a
Bruker FTIR [IFS66 spectrophotometer (range
293-1073 K, corundum crucible, sample mass
ca. 15 mg, heating rate 15 K min "', flow rate of carrier
gas 18 mL min ).

The TG-DTG-DTA measurements in helium
were run on a Setsys 16/18 thermoanalyzer (Setaram)
coupled with a Thermostar quadrupole mass spec-
trometer (range 293-1123 K, corundum crucible,
sample mass ca. 45 mg, heating rate 5 K min ', flow
rate of the carrier gas 15 mL min ).

The course of thermal analysis was broken at
points corresponding to the main steps of decomposition
and the residues in the crucible were quickly cooled in
the stream of argon. This enabled to analyze the residues
at a strictly pre-determined step of decomposition. The
analysis was carried out using the IR and FIR spectro-
scopic techniques and the X-ray powder diffractometry
as well as elemental analysis (C, H, N).

The presence of crystalline phases was checked
by X-ray diffraction with the use of a Philips X Pert
diffractometer system. The XRD patterns were re-

Table 1 Results of analysis of the decomposition products in argon

Mass loss/%

Complexes Stage Temp. range/K DTGni/K
found caled.
[EtyN]o[CuCly] 1 533-563 543 34 36
2 563-673 603 39 36
3 673-1173 - 14 14
[EtyN],[CuBrCl;] 1 523-593 553 32 33
2 593-673 - 30 41
3 673-813 774 14 14
[EtyN],[CuBr,Cl,] 1 503-548 523 37 30
2 548-608 573 26 30
3 608-1023 - 10 29
[EtyN],[CuBr;Cl] 1 488-543 509 30 28
2 543-653 566 37 35
3 653-853 807 11 26
[EtyN],[CuBry4] 1 503-548 510 37 33
2 548-673 596 25 33
3 673-853 787 19 24

980

J. Therm. Anal. Cal., 91, 2008



COPPER(II) COMPLEXES OF GENERAL FORMULA [Et;N],[CuBr,Cly ,]

corded at room temperature with CukK, radiation
(A=1.540 A). Qualitative analysis of diffraction spec-
tra was carried out with an ICDD PDF database [23].

Results and discussion

The results of thermal analysis of the complexes in in-
ert and oxidative atmospheres are collected in
Tables 1 and 2.

Thermal decomposition of the [Et;N],[CuBr,Cly ]
compounds occurs in three steps. Both the temperatures
corresponding to particular steps of decomposition as
well as the shapes of the TG curves (Fig. 1) are alike.
For clarity, only TG curves of three compounds are
shown in Fig. 1.

At the onset of melting of the compounds, their
rapid decomposition begins as indicated by a massive
loss in mass (Fig. 1). The process is strongly
endoenergetic, manifesting itself by sharp peaks in the
DTG and DTA curves (Fig. 2). The thermal processes
are exemplified by the TG, DTG and DTA curves of the
decomposition of [Et;N],[CuCl,] shown in Fig. 2.

On the basis of the mass losses taken from the
TG curve as well as the IR and MS spectra of the vol-
atile products, a sequence of concurring reactions can
be suggested. For the first step of the thermal decom-
position of the series of compounds of general for-
mula [Et;N],[CuBr,Cl, ,] the sequence is as follows:

First step of decomposition of the
[Et4N],[CuBr,Cly ,] compounds:

[EtyN]2[CuCly]—[Et4N] [CuCl3](S)+EtC1(g)+Et3N(g)
[Et;N]y[CuBrCly]—[EtN][CuBrClL] o +EtCly +Et:N g
[EtyN],[CuBr,Cl,]>[EtyN][CuBr,Cl] (5)+EtC1(g)+Et3N(g)

Table 2 Results of analysis of the decomposition products in air

Mass loss/%

1004

400 500 600 700 800 900 1000 1100
Temperature/K

Fig. 1 TG curves of 1 — [Et4N],[CuCly], 2 — [EtyN],[CuBry4]
and 3 — [Et;N],[CuBrCl;] taken in argon

[Et4N]2[CUBI‘3Cl]—)[Et4N] [CuBr3](S)+EtCl(g)+Et3N(g)
[Et4N] 2 [CU,BI'4] —> [Et4N] [CuBr3](s)+EtBr(g)+Et3N(g)

During the first step, both the organic cation and
the inorganic anion undergo decomposition.
Second step:

[EtuN][CuCl;3]—>CuCly) +EtClg tEtsN(g
[EtuN][CuBrCl,]—=>CuCly+EtBrg)+Et;N g
[Et4N][CuBr,Cl]—CuBr;)+EtClg+Et;Ng

[Et4sN][CuBr3;]—>CuBry+EtBrg+Et;N(g

[Et4N] [CuBrg] —>CuBr2(s)+EtBr(g)+Et3N(g)

Reliability of the proposed equations of the ther-
mal decomposition is supported by the results of ele-
mental analyses of the solid residues of particular
compounds.  Moreover, ethyl halides and

Mass loss/%

Complexes Stage Temp. range/K DTGpin/K
found caled.
[EtN][CuCL] 1 463-493 473 30 36
2 493-623 513 31 36
3 623-1093 — 15 14
[Et;N],[CuBrCL] 1 513-588 523 38 33
2 588-713 673 42 41
3 713-1003 833 17 14
[EtNL[CuBr,Cl,] 1 493-543 513 44 30
2 543-653 - 11 30
3 — — — 29
[Et;NJ[CuBr:Cl] 1 483-613 513 58 28
2 613-713 - 10 35
3 713-913 883 22 26
[Et;N],[CuBr,] 1 493 513 - 33
2 ——673 593 62 33
3 673-893 863 30 24
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Fig. 2 TG, DTG and DTA curves of the decomposition of

[EtyN],[CuCl,] taken in the inert atmosphere

triethylamine were detected in the IR spectra of the
volatiles (Fig. 3).

The IR bands over the range 650-700 cm'
(C—Cl) seen in the volatile products of decomposition
of [EtyN],[CuBr,Cl,] collected during the first step at
533 and 593 K reveal volatilization of ethyl chloride.
At 653 K (2" step), other bands emerge between 665
and 670 cm ™' assigned to the C—Br bond. Their pres-
ence suggests cleavage of the Cu—Br bond during that
step. These findings are supported by ionic currents of
the volatile products. Thus, EtCl (m/z 66) and EtBr
(m/z 110) appear over the ranges 483-573 and
533-653 K, respectively.

A comparison of the FIR spectra of the solid
products of successive decomposition steps (Fig. 4)
enables to identify structural changes of the anion.

Minor changes in the environment of the central
ion, Cu(Il), occur as soon as during the first step of
decomposition as indicated by different bands emerg-
ing below 150 cm™ in the spectrum of unheated
[Et4N],[CuBrCl;] (Fig. 4) and in that of a sample

P C-Br
C-Cl

M

1000 800 600

—CH2— and -CH

VCe-H

Absorbance

2500 2000 1500 1000 500
Wavenumber/cm™!
Fig. 3 IR spectra of the volatile products of decomposition of

[Et4N],[CuBr,Cl,] in the inert gas atmosphere
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Fig. 4 FIR spectra of the solid decomposition products of
[EtyN],[CuBrCl;] at 2 — 563 K and 3 — 633 K compared
to that of the 1 — unheated compound

heated up to 563 K (Fig. 4). Again, in the product of
the first step, the Cu—Br and Cu—Cl bonds are present.

As the initial thermal processes of the com-
pounds are very fast and accompanied by a series of
consecutive reactions, unambiguous identification of
the products becomes difficult. The difficulty consists
in co-existence in the analyzed samples of the prod-
ucts of both the first and second steps.

Total decomposition of the anion occurs during
the next step as indicated by missing Cu—X (X=Br,
Cl) bands in the FIR spectrum of the compound
heated up to 633 K (Fig. 4).

The mass losses recorded by the TG curves en-
able to identify a copper(Il) halide as a decomposition
product of the compounds at 673 K. In this context it
is interesting to note that the X-ray diffraction pat-
terns of polycrystalline samples obtained at that tem-
perature in both atmospheres indicate unambiguously
the presence of Cu(I) (Figs 5 and 6).

1600+

1200+

800+

Intensity/a. u.

2

400- / |
i | T

10 20 30 40 50 60 70 80
20/degree
Fig. 5 XRD spectra of the decomposition products of 1 —

[Et;N],[CuBr,Cl,] at 673 K, in argon. For comparison,
the XRD reflexes of the 2 — CuBr are shown
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Fig. 6 XRD spectra of the decomposition products of

1 — [Et4N],[CuBry4] at 733 K, in air. For comparison,
the XRD reflexes of the 2 — CuBr are shown
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Fig. 7 TG curves of [Et;N],[CuBry4] recorded in argon
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Fig. 8 TG curves of [EtyN],[CuBry4] recorded in air
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Fig. 9 XRD spectra of the decomposition products of 1 —
[EtyN]o[CuCly4] at 1073 K, in argon. For comparison,
the XRD reflexes of the 2 — Cu are shown

Most probably, during the third step a Cu(Il) ha-
lide undergoes decomposition to elemental copper ac-
cording to the reaction:

CUXZ_)CUelemental+X2(g) X=Br, Cl

Subsequently, elemental copper reduces cop-
per(Il) to copper(I) halide:

CuCl,+Cu—2CuCl

This conclusion is based on the presence of the
reduced copper in a sinter generated from reactions
occurring among the decomposition products rather
than from direct decomposition of the compound.

Up to 673 K, the oven atmosphere has no signifi-
cant influence on the course of decomposition. Both
in the inert atmosphere as well as in the oxidative one,
a copper(Il) halide is the main product of the second
step. However, the influence becomes appreciable in
the next step as indicated also by the shape of the TG
curves (Figs 7 and 8).

This process is much slower than the first two
ones as seen in the shape of the TG curve.

In the inert atmosphere elemental copper is the
final product of decomposition (Fig. 9).

In the oxidative atmosphere, the following reac-
tions also occur [24]:

2CuCly+0,—2Cu0+2Clyy

7>1073 K CuO—-Cu,O

Conclusions

The [EtyN];[CuBr,Cly ,] compounds undergo thermal
decomposition in three steps. During the first step, ther-
mal transformations are not affected by oven atmo-
sphere. Also the kind of the halogenocuprate(Il) anion
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has only insignificant influence. This notwithstanding,
there is a markedly higher stability of the Cu—Br bond as
compared to that of Cu—Cl. For instance, just during the
first step of the decomposition of the
bromochlorocuprates(Il), EtCl emerges at a lower tem-
perature than does EtBr. Such a course of decomposi-
tion is further confirmed by solid residues left during the
second step in the inert atmosphere. A significant influ-
ence on the course of this step and the composition of
solid residues has the oven atmosphere. In the inert at-
mosphere, elemental copper is deposited as found in a
sample heated up to 1073 K, whereas in the air atmo-
sphere CuO and Cu,O were left behind.

A comparison of the results of this work with
those dealing with analogous series of the Co(Il)
counterparts, [Et;N],[CoBr,Cly ,] [20], reveals a dis-
tinct influence of the kind of the central ion on the
composition of the residue obtained in the inert atmo-
sphere. Thus, among the solid decomposition prod-
ucts of the Co(Il) compounds in argon, Co,C and
CoX, (X=Br, Cl) were identified, whereas in those of
their copper(Il) counterparts, elemental copper.

More meaningful conclusions about the influ-
ence of the central ion on the thermal processes will
be drawn after inspection of the results of ongoing in-
vestigations into complex compounds of other biva-
lent transition metals.

Acknowledgements

This research was supported by the Polish State Committee for
Scientific Research under grant DS/8232-4-0088-7.

References

1 N. S. Gill and R. S. Nyholm, J. Chem. Soc., (1959) 3997.
2 R. H.J. Clark and T. M. Dunn, J. Chem. Soc.,
(1963) 1198.
3 D. M. Adams, J. Chatt, J. M. Davidson and J. Gerrat,
J. Chem. Soc., (1963) 2189.
4 A. Sabatini and L. Sacconi, J. Am. Chem. Soc.,
86 (1964) 17.

984

5 J.S. Avery, C. D. Burbridge and D. M. L. Goodgame,
Spectrochim. Acta, 24 (1968) 1721.
6 G. Marcotrigiano, L. Menabue and G. C. Pellacani, Inorg.
Chem., 15 (1976) 2333.
7 A.Mahoui, J. Lapasset, J. Moret and P. Saint Gregoire,
Acta Crystallogr., C52 (1996) 2674.
8 S. A. Roberts, D. R. Bloomquist, R. D. Willett and
H. W. Dodgen, J. Am. Chem. Soc., 103 (1981) 2603.
9 D.R. Bloomquist, R. D. Willett and H. W. Dodgen,
J. Am. Chem. Soc., 103 (1981) 2610.
10 D. R. Bloomquist and R. D. Willett, J. Am. Chem. Soc.,
103 (1981) 2615.
11 D. R. Bloomquist, M. R. Pressprich and R. D. Willett,
J. Am. Chem. Soc., 110 (1988) 7391.
12 R. D. Willett, J. A. Haugen, J. Lebsack and J. Morrey,
Inorg. Chem., 13 (1974) 2510.
13 R. D. Willett, J. R. Ferraro and M. Choca, Inorg. Chem.,
13 (1974) 2919.
14 T. Kawata and T. Aoyama, Acta Crystallogr.,
C49 (1993) 137.
15 M. Koman, V. Siroklin and G. Ondrejovi¢, Acta
Crystallogr., C44 (1988) 813.
16 S. Busi, M. Lahtinen, J. Valkonen and K. Rissanen,
J. Mol. Struct., 794 (2006) 277.
17 R. Fletcher, J. J. Hansen, J. Livermore and R. D. Willett,
Inorg. Chem., 22 (1983) 330.
18 Y. Fujii, Z. Wang and R. D. Willett, Inorg. Chem.,
34 (1995) 2870.
19 A. Bujewski, K. Grzedzicki, J. Btazejowski and
Z. Warnke, J. Thermal Anal., 33 (1988) 961.
20 E. Styczen, Z. Warnke and D. Wyrzykowski,
Thermochim. Acta, 454 (2007) 84.
21 D. Wyrzykowski, T. Maniecki, M. Gazda, E. Styczen and
Z. Warnke, J. Therm. Anal. Cal., 90 (2007) 893.
22 D. Wyrzykowski, A. Pattek-Janczyk, T. Maniecki,
K. Zaremba and Z. Warnke, J. Therm. Anal. Cal.,
91 (2008) 279.
23 ICDD PDF-2 Database Release 1998, ISNN 1084-3116.
24 G. A. Kolta and M. H. Askar, Thermochim. Acta,
11 (1975) 65.

Received: August 21, 2007
Accepted: September 18, 2007

DOI: 10.1007/s10973-007-8689-0

J. Therm. Anal. Cal., 91, 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


