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SOME TETRAZOLIUM SALTS AND THEIR ION-ASSOCIATION
COMPLEXES WITH THE MOLYBDENUM(VI) — 4-NITROCATECHOL
ANIONIC CHELATE

DTA and TGA study
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Several commercially available 2H-tetrazolium salts (TS) {2,3,5-triphenyl-2H-tetrazolium chloride (TTC), 3-(1-naphthyl)-2,5-diphen-
yl-2H-tetrazolium chloride (Tetrazolium Violet, TV), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT),
2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyl-2H-tetrazolium chloride (INT) and 3,3’-(3,3’-dimethoxy-4,4’-biphenylene)-bis(2,5-di-
phenyl-2H-tetrazolium) chloride (Tetrazolium Blue Chloride, BTC)} and their ion-associated complexes (IAC) with the Mo(VI) —
4-nitrochatechol (4-NC) anionic chelate [MoO,(4-NC),]*" have been investigated by differential thermal analysis (DTA) and
thermogravimetric analysis (TG). Some special features of the thermal behavior of the compounds have been discussed. The results
show that the thermal stability of [AC depends on the factors determining the values of their association constants 3: molecular mass
and the presence of nitrophenyl substituent(s) in the tetrazolium ring.
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Introduction

Tetrazolium salts (TS) are compounds possessing a
five-membered ring of one carbon and four nitrogen
atoms; one of these atoms bears a positive carge. The
most important are trisubstituted mono- and di-TS which
contain a substituent at the carbon atom (position 5 in
tetrazolium ring). 2,3,5-TS have been applied as re-
dox indicators for detection of various systems [ 1-6],
phase-transfer catalysts [4, 7-9], photosensitive mate-
rials [4], analytical reagents [10—18], components of
colorless ink for ink jet printers [19], charge-controlling
agents for color toner, electro-photography etc. [20].
Some 1,4,5-TS have been found to be promising new
materials for gas generating mixtures, propellants and
explosives [21-23].

2,3,5-TS attracted our attention by virtue of the
ability of their cations to form ion-associated complexes
(IAC), which could be used for selective and sensitive
determination of many elements or species involved
in the anionic part of the IAC [10]. To define more
precisely the areas of application of these complexes
we need information about their thermal stability.
However, the data reported in the literature on this
subject, as well on the thermal behavior of TS itself
are quite limited [4]. Patnaik et al. [24] have studied
the thermal behavior of some 2,3,5-triphenyltetrazolium
halochromates, while Boyanov et al. have reported
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data about the thermal stability of Sb(V)-2,5-diphen-
yl-3-(1-naphthyl)-tetrazolium  IAC  [25] and
Mo(VI)—4-nirocatechol (4-NC)-3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyl-2H-tetrazolium 1:2:2
IAC [26].

The goal of the present work was to study and
compare the thermal behavior of five widely used
2,3,5-TS (Table 1) and their IAC with the anionic
Mo(VI)—4-NC chelate [M0O,(4-NC),]* [26, 27]. The
road to reach this goal included DTA and TG
investigations on 4-NC. 4-NC is a suitable ligand for
the formation of stable complexes [28-30] and a well
known analytical reagent [26, 27, 31-33], but no
information is available in the literature about its
thermal behavior.

The thermal decomposition of several molybdenum
complexes with nitrogen and nitrogen—oxigen donor
ligands was studied by Soliman ef al. [34]. In present
article we throw more light on the thermal stability of
tetrazolium IAC and reveal the importance of association
constant 3 value for this stability.

Experimental

TTC, TV, MTT and INT (p.a.) (Table 1) were purchased
from Loba Feinchemie AG. BTC (BioChemika, for
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Table 1 Formulae, abbreviations and molecular masses (Mrs) of used tetrazolium salts and molecular masses of their cations

(Mrc)
Formula Name and abbreviation Mg Mrc
@ or 2,3,5-triphenyl-2H-tetrazolium chloride (TTC) 334.41 298.96
SN=N
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bromide (thiazolyl blue tetrazolium bromide, MTT)

3-(1-naphthy1)-2,5-diphenyl-2H-tetrazolium chloride
(tetrazolium violet, TV)

2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyl-2H-

tetrazolium chloride (INT)

3,3’-(3,3’-dimethoxy-4,4’-biphenylene)-bis(2,5-dip
henyl-2H-tetrazolium) chloride (tetrazolium blue

chloride, BTC)

384.86 349.41

505.70 470.25

727.66 656.76
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microbiology) (Table 1), Na,MoO,2H,0 (p.a.) and
4-nitrochatechol (4-NC) (p.a.) were purchased from
Fluka. For preparation of IAC equal volumes of
aqueous solutions of Mo(VI) (5 10* mol dm™), 4-NC
(1-10% mol dm ) and TS (2:10~ mol dm ) were mixed
in acidic medium (pH 2.8—4.0). After homogenization
the mixtures were filtered through a glass filter G4.
The precipitates were washed carefully with cold
water and dried up to 75-80°C.

DTA and TG were carried out with Q Derivatograph
of the Hungarian company MOM at the following
conditions: sensitivity of DTA, 1 mV; DTG, 1 mV;
TG, 100 mg; heating rate, 10°C min’; sample mass
50 mg. Platinum crucible was used and all studies
were carried out in static air medium.

The IR spectra were recorded using KBr pellets
on a Perkin Elmer 1750 FT-IR spectrometer (USA).

Results and discussion
Thermal behaviour of TS

DTA and TG curves of the investigated TS are shown in
Fig. 1. It can be seen that TS are stable up to 190-220°C.
This fact illustrates the stability of the tetrazolium
ring, which is in agreement with the literature [4]. The
data from IR spectra shows that at higher temperatures
the peak at about 1530 cm ™ (characteristic for tetrazolium
ring [4]) disappears. Therefore, the tetrazolium ring
does not exist at mentioned temperatures. The
opening of the tetrazolium ring is accompanied with
quick mass loss (Fig. 1) and intensive exothermic
effect (at 190-240°C). The percentage of mass loss
corresponds to the dissociation of the substituent
situated at the quaternary nitrogen atom (Table 2).
More special is the first dissociation step of TTC. This
TS remains stable at higher temperatures (220°C) in
comparison with the other TS and loses simultaneously
two C¢Hs substituents. IR spectra of the decomposition
products of TTC at 245°C (Fig. 2) show that the group
C-CgHs remains unaffected at mentioned temperature.
Therefore, in the interval 220-240°C TTC loses the
substituents situated at two nitrogen atoms (positions 2
and 3 in tetrazolium ring), which lie (according to [4])
out of the plane of the tetrazolium ring.

Table 2 Experimental and calculated first step mass loss of TS

It can be seen from Fig. 1 that in all samples the
first intensive exothermic effect is followed by gradual
mass loss. The processes of slow additional oxidation
are not identical for all TS. TTC, MTT and TV are
oxidized more gradually to complete mass loss than
INT and BTC. The maxima of exothermic effects for
the first three TS lie in the interval 520-620°C. The
most continuous oxidation process (up to 780°C) is
observed for TV. For MTT and TTC almost complete
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Fig. 1 DTA and TG curves of TS (TTC, MTT, TV, INT and BTC)

N TS Temperature/°C Expelled fragments Experimental mass loss/%  Calculated mass loss/%
1 TTC 220-240 2(CgHs) 48.0 46.1
2 TV 210-230 CioH7 33.0 33.6
3 INT 200-230 CeHyl 40.1 42.4
4 BTC 200-230 2(OCH;CgHs) 29.1 28.0
5 MTT 190-200 CsHgNS 25.6 27.1
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Fig. 2 IR spectra of TTC (curve 1) and its decomposition

products at 245°C (curve 2)
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Fig. 3 TG, DTA and DTG curves of 4-NC

mass loss occurs at 700-720°C. The additional
oxidation and mass loss of the other two TS (INT and
BTC) takes place at two steps. The first one finishes
at about 400°C (for INT) and 500°C (for BTC), while
the second one — at about 600 and 740°C respectively.
The second oxidation step is characterized with more
intensive mass loss. The maxima of the corresponding
exothermic effects lie at 530 and 620°C.

Thermal behaviour of 4-NC

The thermal behavior of 4-NC is shown in Fig. 3. The
compound is stable up to 170°C. The mass loss of the

252

5
& 1
=
o
2
510
3
530
200 3350
. 4
o 170
=2 340
.
g 480
= 200 560
P
490
185
5
380 3
1]
545
A 4

Fig. 4 1-4 — DTA and 1’4’ — TGA curves of IAC. 1,1° —
(TT);[M00O,(4-NC),], 2,2* — (TV)2[M0O,(4-NC),],
3,3’ — (INT)2[M0O,(4-NC),], 4,4* —
(BT)[M0O,(4-NC),]

first decomposition step (170-250°C) was determined
to be ~40%, which is in good agreement with the
assumption that 4-NC loses simultaneously NO, and
H,O (calculated value 41.3%). The second, more
gradual step of oxidation and mass loss finishes at
530°C. The maxima of the corresponding exothermic
effects lie at 230 and 420°C. The endothermic peak at
165°C is related to the melting region of 4-NC.

Thermal behaviour of IAC

Investigated 1:2:2 (M0:4-NC:TC") or 1:2:1

(Mo:4-NC:BT*") IAC are stable up to 170-200°C
(Fig. 4). Note that IAC with TV", INT" and BT*" are
more stable than 4-NC, while the complex with TT"
starts to decompose at the same temperature as 4-NC
— 170°C. Having in mind that TTC is the most stable
TS, one can conclude that there is no correlation
between the thermal stability of the ternary IAC with
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Table 3 Experimental and calculated first step mass loss of [AC

N IAC Temperature/°C)  Expelled fragments %g:snllél;l}& ! n?:slglll(l):tse/ﬂdA]
1 (TT),[MoO4(4-NC),] 170-230 INO,+2CHs 24.0 23.8
2 (TV)2[MoOy(4-NC),] 200-490 2NO,+2C,oH; +2C¢Hs 40.0 44.2
3 (INT);[MoO,(4-NC),] 185-425 2NO,+2CeH4l 37.7 36.2
4 (BT)[M0Oy(4-NC),] 190-380 2{C¢H3(OCH;)}+2C¢Hs+2NO, 40.4 42.0
5 (MTT)2[M0oO,(4-NC),]* 180-200* 2NO,+2CsHgNS+2C¢Hs 40.9* 42.7

* Taken from [26]

participation of 4-NC and TS from which they derive.
It is known from the literature [10, 35, 36] that the
formation constant B (characterizing the association
process between the tetrazolium cation and the anionic
chelate) depends on two factors — molecular mass and
presence of nitrophenyl substituent(s) in the tetrazolium
ring. The first factor influences positively, while the
second factor influences negatively the value of f.
The results presented in this study give us grounds to
assume that the thermal stability of the monotetrazolium
IAC depends on the same two factors (Fig. 5): the most
stable (temperature of decomposition 200°C) is IAC
with TV, which has higher molecular mass than TT"
and MTT" and does not contain a nitrophenyl group
(in contrast to INT™).

Having in mind that the molecular mass of
neotetrazolium cation (NT>") (My7=596.70) is lower than
the molecular mass of BT>" and that nitrobluetetrazolium
cation (NBT?") and tetranitrobluetetrazolium cation
(TNBT?") contain nitrophenyl groups we expect that
uninvestigated [AC (NT)[MoO,(4-NC),],
(NBT)[Mo00,(4-NC),] and (TNBT)[Mo00O,(4-NC),]
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Fig. § Temperature of decomposition of (TC),[MoO,(4-NC),]
vs. molecular mass of monotetrazolium cation (Mrc)
plot. The thermal stability of IAC — — increases with
increase of Myc and --- — decreases if TC contain
nitrophenyl group
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will be thermally more labile than
(BT)[Mo0O,(4-NC),].

Data for the first decomposition step of IAC are
included in Table 3. The percentage of mass loss of
IAC with TT" and INT" corresponds to the dissociation
of the NO,-group from 4-NC along with the substituent
at the quaternary nitrogen atom in the tetrazolium
ring. IAC with TV' and BT*' remain stable at higher
temperature in comparison with the IAC with TT" and
INT" and lose simultaneously another substituent in
tetrazolium ring (most probably C¢Hs situated at
N(3)). The same conclusion can be drawn from the
data for (MTT),[Mo0O,(4-NC),] reported in [26].

The final product in all cases most probably is
MoQO;. This compound is known to be noticeably
volatile at temperatures above 600°C [37].

Conclusions

+ Investigated TS (TTC, MTT, TV, INT and BTC) are
stable up to 190-220°C. The first decomposition
step of TS includes destroying of tetrazolium ring
and expelling the substituent situated at the
quaternary nitrogen atom. The most stable TS-TTC
loses simultaneously two phenyl substituents.

* 4-NC is stable up to 170°C. The first decomposition
step includes release of NO, and H,O.

* IAC are stable up to 170-200°C. In all cases the
first decomposition step is related to the release of
NO,; from 4-NC along with the substituent situated
at the quaternary nitrogen atom in the tetrazolium
ring. The complexes with TV', BT*" and MTT"
lose simultaneously another substituent in the
tetrazolium ring (probably at N(3)).

* There is no correlation between the thermal stabilities
of IAC and the TS, from which they derive. The
thermal stability of IAC probably depends on the
factors determining the value of their association
constants [3: molecular mass and the presence of
nitrophenyl substituent(s) in the tetrazolium ring.
The most stable is IAC with TV". The mentioned
monotetrazolium cation has higher molecular mass
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than TT" and MTT" and does not contain nitrophenyl
substituents in its tetrazolium ring.

IAC with ditetrazolium cation BT*" is stable up to
190°C. On the basis of data mentioned in a previous
point one can assume that (BT)[Mo0O,(4-NC),] is
thermally more stable than uninvestigated IAC
with some other well known ditetrazolium cations,
such as NT*', NBT*" and TNBT*".

The investigated TS and their IAC with Mo and
4-NC are stable enough to be applied trouble-free
in analytical chemistry and other practical areas.

References

10

11

12

13

14

15

16

17
18

W. D. Hooper, Rev. Pure Appl. Chem., 19 (1969) 221.

J. C. Palomino, A. Martin and F. Portaels, Clin. Microbiol.
Infect., 13 (2007) 754.

M. V. Berridge, P. M. Herst and A. S.Tan, Biotechnol.
Annu. Rev., 11(suppl.) (2005) 127.

A. B. Zhivich, G. I. Koldobskii and V. A. Ostrovskii,
Khim. Getero. Soedin, 12 (1990) 1587.

W. Liu, F. Chaspoul, D. B. Lefrank, L. Decome and

P. Gallice, J. Therm. Anal. Cal., 89 (2007) 21.

A. Bakalova, H. Varbanov, R. Buyukliev, G. Motekov and
D. Ivanov, J. Therm. Anal. Cal., 95 (2008) 241.

G. I. Koldobskii, Kinet. Catal., 48 (2007) 505.

G. I. Koldobskii, A. B. Zhivich and V. A. Ostrovskii,

Zh. Obsch. Khim., 62 (1992) 3.

A. B. Zhivich, Yu. E. M’yznikov, G. I. Koldobskii and
V. A. Ostrovskii, Zh. Obscht. Khim., 58 (1988) 1906.

K. B. Gavazov, A. N. Dimitrov and V. D. Lekova, Usp.
Khim., 76 (2007) 187

Russ. Chem. Rev., 76 (2007) 169.

G. E. A. Mostafa, Talanta, 71 (2007) 1449.

L. N. Moskvin, A. V. Bulatov, E. A. Rudenko,

D. V. Navolotskii and G. I. Koldobskii, J. Anal. Chem.,
61 (2006) 25.

P. Nigaraja, M. S. Hemantha Kumar and H. S. Yathirajan,
Anal. Sci., 18 (2002) 815.

M. N. Abbas, G. E. A. Mostafa and A. M. A. Homoda,
Talanta, 55 (2001) 647.

K. Gavazov, Z. Simeonova and A. Alexandrov, Talanta,
52 (2000) 539.

M. Kamburova, Anal. Lett., 31 (1998) 2255.

A. Ramesh and M. S. Subramanian, Bull. Chem. Soc. Jpn.,
71 (1998) 1025.

254

19

20

21

22

23

24

25

26

27

28

29
30

31

32

33

34

35

36

37

KODAK LTD(EAST-C), Great Britain Patents:
GB2273506-A and GB2273506-B, 1994.22.06 and
1996.13.03.

RICOH KK(RICO-C), Japan Patents: JP61156140-A and
JP94061009-B2, 1986.15.07 and 1994.10.08.

G. Fischer, G. Holl, T.M. Klapotke and J. J. Weigand,
Thermochim. Acta, 437 (2005) 168.

T. M. Klapotke in T. M. Klapotke, Ed., High Energy
Density Materials, Ser. Structure and Bonding, Springer,
Berlin—Heidelberg 2007, Vol. 125, p. 85.

T. M. Klapotke, K. Karaghiosoff, P. Mayer, A. Penger and
J. M. Welch, Propellants, Explos., Pyrotech., 31 (2006) 188.
U. R. Patnaik, T. P. Prasad and J. Muralidhar, J. Thermal
Anal., 45 (1995) 1463.

S. G. Kostova and B. S. Boyanov, J. Radioanal. Nucl.
Chem., Lett., 200 (1995) 427.

A. N. Dimitrov, V. D. Lekova, K. B. Gavazov and

B. S Boyanov, Cent. Eur. J. Chem., 3 (2005) 747.

A. D. Dimitrov, V. D. Lekova, K. B. Gavazov and

B. S Boyanov, J. Anal. Chem., 62 (2007) 138.

J. P. Cornard, C. Lapouge and J. C. Merlin, Chem. Phys.,
340 (2007) 273.

C.J. Macdonald, Inorg. Chim. Acta, 311 (2000) 33.

A. L. R. Merce, C. Greboge, G. Mendes and

A. S. Mangrich, J. Brazil Chem. Soc., 16 (2005) 37.

L. Sommer, G. Ackermann, D. Thorburn Burns and

S. V. Savvin, Pure Appl. Chem., 62 (1990) 2147.

V. D. Lekova, K. B. Gavazov and A. D. Dimitrov, Chem.
Papp., 60 (2006) 283.

A. J. Downard, R. J. Lenihan, S. L. Simpson,

B. O’Sullivan and K. J. Powell, Anal. Chim. Acta,

345 (1997) 5.

A. A. Soliman, S. M. El-Medani and O. A. M. Alj,

J. Therm. Anal. Cal., 83 (2006) 385.

K. B. Gavazov, V. D. Lekova, A. D. Dimitrov and

G. 1. Patronov, Cent. Eur. J. Chem., 5 (2007) 257.

K. B. Gavazov, M. Tiirkyilmaz and O. Altun, Bulg. Chem.
Commun., 40 (2008) 65.

L. M. Kovba, I. L. Knunyants, Ed., Khimicheskaya
entsiklopediya v pyati tomah, Vol. 2, Bolshaya
Rossijskaya Entsiclopediya, Moskow 1992, p. 247.

Received: July 15, 2008
Accepted: October 7, 2008

DOI: 10.1007/s10973-008-9421-4

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




<<
  /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
  /CreateJDFFile false
  /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

  /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


