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Abstract The densities of aqueous solutions of MesNBr, Et;NBr, Bus;NBr, and
Et(OH);EtNBr were measured in the concentration range 0.002 to 0.05 mol-kg~!. The
temperature of the determinations ranged from 275.15 to 279.15 K in 0.5 K steps, and
the uncertainty of the densities was around +1 x 107® g.-cm™>. Eleven concentrations were
used for each of the salts.

It was found that all the solutes follow Despretz’ law. The absolute value of the De-
spretz’s constants increases with increasing number of carbon atoms in the cation, except
for Et(OH); EtNBr which has the highest value. The ionic contributions to the Despretz’s
constants were calculated.

The volumetric data obtained allows the calculation proposed by Kalgud and Pokale. The
effective ionic radii were calculated using a semi-empirical equation, as proposed previously
by several workers. The nonlinearity of the plot of the ionic Despretz constants versus ef-
fective ionic radius is confirmed.

Keywords Water - Tetraalkylammonium salts - Maximum density

1 Introduction

The existence of a temperature of maximum density for water is one of the so-called “anom-
alies” that make the substance unique in nature [1, 2]. The effect of dissolved substances on
this property has received attention since the nineteen century when the French physicist
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Despretz [3] studied it. Since then, there have been a number of studies by several workers,
some of the more recent ones being from this laboratory [4, 5].

The experimental technique most frequently used for the measurements is dilatometry
[4, 6]. In this work we made direct measurements of density as a function of temperature.
For this purpose, a version of a magnetic float densimeter was built, following the design of
Vargas and Blanco [7].

2 Experimental Section

A description of the technique and equipment has been reported elsewhere [5, 7].

Water was purified according to recommendations in the literature [8]. The conductivity
of the purified water was always less than 4 uS. The KCl used for calibration purposes was
Merck analytical grade with purity 99.99%. It was dried at 373 K for 12 h and kept in a
desiccator until used.

The symmetric tetraalkylammonium bromides used were obtained as follows: Me4NBr,
Merck, purity > 99%; Et4NBr, ICN Pharmaceuticals Inc. purity > 98%; and BuyNBr, Sigma
purity > 99%. They were further purified according to recommendations in the literature
[9, 10]. The salts were crystallized from ethanol solutions. Full precipitation was achieved
using diethyl ether. After this, they were kept under vacuum until used.

The salt (EtOH);EtNBr was prepared according to the method of Wen and Saito [10].
A mixture of triethanolamine in excess and ethylbromide was heated in anhydrous methanol
under reflux for 24 h. The resulting salt was purified by repeated crystallizations from
ethanol and ethanol + chloroform mixture; it was subsequently kept dry under vacuum.

All the bromides were analyzed after purification and before use for their halide content,
by potentiometric titration with AgNO;. The purities were better than 99.9% in all cases.

The solutions were prepared by weight using a Mettler AT 261 balance, which had a
sensitivity of +1 x 107> g between 0 and 50 g, and of 1 x 10~* g between 50 and 210 g.
The concentration range was varied from 0.00200 to 0.05000 mol-kg~"!.

The densimeter was calibrated [7] using platinum rings and checked using solutions of
known density [11]. This procedure is fully described by Torres [5]. The temperature was
kept constant to within 0.001 K and densities were measured to 1 x 1075 g-cm™ in the
range of temperature from 275.15 to 279.15 K. Measurements were done at intervals of
0.5K.

3 Results and Discussion

Tables 1 to 4 show the density data obtained for the four salts at the selected temperatures.
The data were fitted by equations using the least-squares method, and from them the tem-
peratures of maxima density were calculated.

According to the traditional treatment, Despretz’s law is written as:

ABgps = Ky (1
where Agys =60 — 6,,. 0 and 6, are the temperatures of maximum density of the solution

and of water, K, is Despretz’s constant and m the concentration of the solutions in molality
units.
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Table 5 Variation of )

AD + 1.074m3/2 (K) with m/mol-kg~ A+ 1.074m3/2 (K)

molality, m, for aqueous

solutions of EtyNBr 0.001999 —0.004
0.005000 —0.016
0.01000 —0.071
0.01500 —0.135
0.02000 —0.157
0.02500 —0.236
0.03000 —0.339
0.03500 —0.383
0.04000 —0.472
0.04490 —0.453
0.05000 —0.517

Table 6 Variation of

AG +1.074m3/2 (K) with mimol-kg ™! A6 + 1.074m3/2 (K)

molality, m, for aqueous

solutions of Me4NBr 0.002000 —0.054
0.005000 —0.050
0.009999 0.000
0.01500 —0.115
0.02000 —0.184
0.02500 —0.197
0.03000 —0.285
0.03500 —0.418
0.04000 —0.373
0.04500 —0.421
0.05000 —0.467

Several modifications of the original equation have been proposed [12], including a work
by Kaulgud and Pokale [13] that uses the equation proposed by Wakabayashi and Takaizumi
[14]:

A +1.074m>"* = K,,m. 2)

A plot of A + 1.074m>/? versus m should yield a straight line with a slope equal to De-
spretz’s constant K,,. Blanco and Torres [4] found that the values of the constant differ
little from those calculated using Eq. 1. Tables 5 to 8 and Figs. 1 to 4 show the variation of
AB + 1.074m>/? with molality for all of the systems studied, and Table 9 reports the cal-
culated constants. These values obtained are compared with those of Wada and Miura [15]
for the three salts that were studied in common. The values are quite similar in all cases.
However, the agreement is not complete, probably due to the fact that Wada and Miura used
higher concentrations in their work.

To calculate the ionic contributions to the constant, and following earlier workers such
as Wakabayashi and Takaizumi [14], we took a value of K, = 6.6 K-mol™! for the Br™ ion
from the report of Kaulgud and Pokale [13]. The calculated values are shown in Table 10.

Kaulgud and Pokale [13], following the method proposed by Leyendekkers in a series
of papers [16-21], used values of the “real” radii of ions in aqueous solutions at 298.15 K.

@ Springer
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Table 7 Variation of

AD + 1.074m3/2 (K) with m/mol-kg™! A0+ 1.074m3/% (K)

molality, m, for aqueous

solutions of BuyNBr 0.002000 —0.002
0.005000 —0.037
0.01000 —0.126
0.01500 —0.247
0.01999 —-0.320
0.02499 —0.407
0.03000 —0.508
0.03500 —0.654
0.04000 —0.696
0.04500 —0.720
0.05000 —0.852

Table 8 Variation of

AG + 1.074m3/2 (K) with mimol-kg ™! A8+ 1.074m3/2 (K)

molality, m, for aqueous

solutions of (EtOH)3 EtNBr 0.001000 —0.006
0.002000 —0.018
0.003500 —0.052
0.004762 —0.068
0.008000 —0.139
0.009999 —0.185
0.01250 —0.239
0.01500 —0.266
0.01700 —0.308
0.02000 —0.410
0.02500 —0.541
0.03000 —0.558

These radii are larger than the corresponding Pauling’s radii by an amount A. According to
Kaulgud and Pokale [13], the radii are larger that the Pauling ionic radii (r) by an amount
A that is defined by the positional correlation of the ion and the adjacent water molecules.

Using the measured densities at 277.15 K we calculated the limiting partial molar ionic
volumes using Conway’s method [22]. A plot of the partial molar volumes at infinite di-
lution V° versus molar mass allows the calculation of V° for the anion. Then, using the
additivity principle, V° is obtained for each cation. From these values it is possible to obtain
the effective radii for the cations. Several workers [23-31] have used the semi-empirical
equation:

0 =2.5(r+A)? 3)
that we also used here to get the values reported in Table 11. In reference [13], a plot of
K iony versus (r + A) is presented. It was found that the values for the tetraalkylammonium
cations deviate from a linear tendency as shown in Fig. 5. The deviations were attributed
partially to the fact that no values for the volumes at 277.15 K were known at the time, even
though they expected there to be a small correction. According to our results, when using
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m (mol Kg*l)
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-0.300
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-0.400 -
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Fig. 1 Plot of A6 + 1.074m3/2 against molality (m/mol~kg_1) for aqueous solutions of Me4NBr
m (mol Kg')

0,000 0005 0,010 0,015 0020 0025 0,030 0,035 0,040 0,045 0,050
0,000 03 + +

¥ =-11.49:0.53 x + 0.036£0.016
Ri=0.981

0,400

-0,200

-0,600

Fig. 2 Plot of A6 + 1.074m3/2 against molality (m/m01~kg_1) for aqueous solutions of EtyNBr

values of volumes determined at temperatures in the neighborhood of the temperature of
maximum density, the tetraalkylammonium cations still deviate from a straight line.

In Fig. 5 the filled triangles represent the experimental results reported in Ref. [13] and
the open ones are the results of this work. There is a small difference as had been predicted
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Fig.3 Plot of A6 + 1.074m3/2 against molality (m/mol~kg_1) for aqueous solutions of Buy NBr
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Fig. 4 Plot of A6 + 1.074m3/% against molality (m/mol'kgfl) for aqueous solutions of (EtOH)3 EtNBr

earlier [4, 13]. In Ref. [13], density data at 298.15 K were used because at that time data
were not available at lower temperatures. We used our data in the vicinity of 277.15 K and
thus, the values of the calculated radii are slightly lower that those reported earlier. As we
had pointed out before [4], the simplest prediction of the effect of the tetraalkylammonium
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Table 9 Despretz constants

(K~mol_l kg) MeyNBr Et4NBr BuyNBr (EtOH)3EtNBr
a — — — —
aCalculated using Eq. | Km 10.10 11.47 17.93 20.48
bCaleulated usine Eq. 2 K —9.86 —11.23 —17.69 —20.30
Calculated using B. Km® 9.9 ~11.0 ~159 -
“From [15]
Table 10 Despretz constants n n " n
Km (K-mol~!kg) for individual oM EyuN MeyN BuyN (EtOH)3E(N
ions
Km —4.85 —3.48 —11.31 —13.86
Table 11 Effective ionic radii of N b
alkylammonium cations Ton TPauling (M) (r+A) (nm) (r+A) (nm)
MeyNt 0.305 0.3194 0.3366
+
YThis work EtyN 0.369 0.3816 0.3956
BuyN*t 0.468 0.4722 0.4843
bFrom [13]
Fig. 5 Variation of the Despretz 5
constant K, with the effective
ionic radii (r + A). Symbols: 0
(@, W) cations; (O), anions;
(O), tetraalkyl ammonium salts
calculated according to their size, -5
(A) Experimental values from
Kaulgud and Pokate [13];
(A) this work _ -10
2
]
E4
b
5 -20
&
X
-25
-30
-35
BuN"
40 e
0 1 2 3 4 5 6

(r+A) A

cations on the TMD is that they should increase its value, because the cations are supposed
to be water structure makers. In fact this does not happen: as shown in this work, among oth-
ers, and A is negative in all cases. Some authors, for instance Darnell and Greyson [12],
propose that at lower temperatures near the TMD the structural effect is the opposite. That
is, it changes sign. This is not in agreement with experimental observations [13]. Earlier
reports in the literature [4, 13] show that the change in sign does not happen. This work
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shows clearly that the values of the calculated radii support the conclusion that the tetra-
butylammonium cations enhance the water structure at temperatures in the neighborhood of
the TMD.

Acknowledgements We thank the Universidad Nacional de Colombia, Fundacién para la Promocién de
la Investigacion y la Tecnologia del Banco de la Republica and the Universidad de Pamplona for financial
support.

References

—_

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Franks, F.: Water: A Comprehensive Treatise, vol. Il and IV. Plenum, New York (1978)

www.Isbu.ac.uk/water/index2.html

Despretz, M.-C.: Recherches sur le maximum de densité de 1’eau et des dissolitions aqueoses. Ann.
Chem. Phys. 70, 49-81 (1839)

Blanco, L.-H., Torres, A.: Determination of Despretz constants of some salts and ions. Phys. Chem. Liq.
36, 187-197 (1998). doi:10.1080/00319109808030609

. Torres, A.: Ph.D. Thesis. Facultad de Ciencias, Departamento de Quimica, Universidad Nacional de

Colombia, Bogotd D.C. (2002)

Wada, G., Umeda, S.: Effects of nonelectrolytes on the temperature of the maximum density of water.
1. Alcohols. Bull. Chem. Soc. Jpn. 35, 646-652 (1962). doi:10.1246/bcsj.35.646

Blanco, L.-H., Vargas, E.-F.: An improved magnetic float densimeter. Instrum. Sci. Technol. 32, 13-20
(2004). doi:10.1081/CI-120027343

Riddik, J.-A., Bunger, W.-B.: Techniques of Chemistry, vol. II, 3rd edn. Wiley, New York (1970)
Conway, B.-E., Verrall, R.-E., Desnoyers, J.-E.: Partial molal volumes of tetraalkylammonium halides
and assignment of individual ionic contributions. Trans. Faraday Soc. 62, 2738-2750 (1966). doi:10.
1039/tf9666202738

Wen, W.-Y.,, Saito, S.: Activity coefficients and molal volumes of two tetraecthanolammonium halides in
aqueous solutions at 25°C. J. Phys. Chem. 69, 3569-3574 (1965). doi:10.1021/j100894a053

Smith, H.-T.: Solute-water interactions in dilute solutions by precision density measurements. Ph.D.
Thesis. Bradford University (1967)

Darnell, A.-J., Greyson, J.: The effect of structure-making and -breaking solutes on the temperature of
maximum density of water. J. Phys. Chem. 72, 3021-3025 (1968). doi:10.1021/j100854a060

Kaulgud, M.-V., Pokale, W.-K.: Measurement of the temperature of maximum density of aqueous so-
lutions of some salts and acids. J. Chem. Soc., Faraday Trans. 91, 999-1004 (1995). doi:10.1039/
19959100999

Wakabayashi, T., Takaizumi, K.: Despretz constants for individual ions. Bull. Chem. Soc. Jpn. 55, 3073—
3078 (1982). doi:10.1246/bcsj.55.3073

Wada, G., Miura, M.: The effects of tetraalkylammonium salts on the structure and the temperature of
the maximum density of water. Bull. Chem. Soc. Jpn. 42, 2498-2502 (1969). doi:10.1246/bcsj.42.2498
Leyendekkers, J.-V.: The Tammann-Tait-Gibson model. J. Chem. Soc., Faraday Trans. I 76, 1206-1218
(1980). doi:10.1039/£19807601206

Leyendekkers, J.-V.: Volumes of aqueous electrolyte solutions and the Tammann-Tait-Gibson model. J.
Chem. Soc., Faraday Trans. I 77, 1529-1542 (1981). doi:10.1039/f19817701529

Leyendekkers, J.-V.: Ionic contributions to partial molal volumes in aqueous solutions. J. Chem. Soc.,
Faraday Trans. I 78, 357-375 (1982). doi:10.1039/£19827800357

Leyendekkers, J.-V.: Ion-water geometry and the Tammann-Tait-Gibson effective pressure and radius. J.
Chem. Soc., Faraday Trans. I 78, 3383-3392 (1982). doi:10.1039/f19827803383

Leyendekkers, J.-V.: Structure of aqueous electrolyte solutions. Thermodynamic internal pressure. J.
Chem. Soc., Faraday Trans. 179, 1109-1121 (1983). doi:10.1039/f19837901109

Leyendekkers, J.-V.: Structure of aqueous electrolyte solutions. Ionic internal pressures and proton chem-
ical shifts. J. Chem. Soc., Faraday Trans. I 79, 1123-1134 (1983). doi:10.1039/f19837901123

Conway, B.-E., Laliberté, L.-H.: HyO-D,O solvent isotope effects in the volume and expansivity be-
haviour of some organic and inorganic ions. Trans. Faraday Soc. 1, 3032-3048 (1970). doi:10.1039/
tf9706603032

Lamb, A.-B., Lee, R.-E.: The densities of certain dilute aqueous solutions by a new and precise method.
J. Am. Chem. Soc. 35, 1666-1693 (1913). doi:10.1021/ja02200a003

Panckhurst, M.-H.: Determination and interpretation of absolute partial molal ionic volumes. Rev. Pure
Appl. Chem. 19, 45-60 (1969)

@ Springer


http://www.lsbu.ac.uk/water/index2.html
http://dx.doi.org/10.1080/00319109808030609
http://dx.doi.org/10.1246/bcsj.35.646
http://dx.doi.org/10.1081/CI-120027343
http://dx.doi.org/10.1039/tf9666202738
http://dx.doi.org/10.1039/tf9666202738
http://dx.doi.org/10.1021/j100894a053
http://dx.doi.org/10.1021/j100854a060
http://dx.doi.org/10.1039/ft9959100999
http://dx.doi.org/10.1039/ft9959100999
http://dx.doi.org/10.1246/bcsj.55.3073
http://dx.doi.org/10.1246/bcsj.42.2498
http://dx.doi.org/10.1039/f19807601206
http://dx.doi.org/10.1039/f19817701529
http://dx.doi.org/10.1039/f19827800357
http://dx.doi.org/10.1039/f19827803383
http://dx.doi.org/10.1039/f19837901109
http://dx.doi.org/10.1039/f19837901123
http://dx.doi.org/10.1039/tf9706603032
http://dx.doi.org/10.1039/tf9706603032
http://dx.doi.org/10.1021/ja02200a003

J Solution Chem (2008) 37: 1657-1669 1669

25.

26.

217.

28.

29.

30.

31.

Hepler, L.-G.: Partial molal volumes of aqueous ions. J. Phys. Chem. 61, 1426-1429 (1957). doi:10.
1021/j150556a039

Mukerjee, P.: On ion-solvent interactions. Part I. Partial molal volumes of ions in aqueous solution. J.
Phys. Chem. 65, 740-744 (1961). doi:10.1021/j100823a009

Stokes, R.-H., Robinson, R.-A.: The application of volume fraction statistics to the calculation of activi-
ties of hydrated electrolytes. Trans. Faraday Soc. 53, 301-305 (1957). doi:10.1039/tt9575300301
Glueckauf, E.: Molar volumes of ions. Trans. Faraday Soc. 61, 914-922 (1965). doi:10.1039/
9656100914

Noyes, R.-M.: Assignment of individual ionic contributions to properties of aqueous ions. J. Am. Chem.
Soc. 86, 971-979 (1964). doi:10.1021/ja01060a001

Millero, E.-J.: Partial molal volume of ions in various solvents. J. Phys. Chem. 73, 2417-2420 (1969).
doi:10.1021/j100727a056

Conway, B.-E., Verrall, R.-E., Desnoyers, J.-E.: Specificity in ionic hydration and the evaluation of indi-
vidual ionic properties. Z. Phys. Chem. 230, 157-178 (1965)

@ Springer


http://dx.doi.org/10.1021/j150556a039
http://dx.doi.org/10.1021/j150556a039
http://dx.doi.org/10.1021/j100823a009
http://dx.doi.org/10.1039/tf9575300301
http://dx.doi.org/10.1039/tf9656100914
http://dx.doi.org/10.1039/tf9656100914
http://dx.doi.org/10.1021/ja01060a001
http://dx.doi.org/10.1021/j100727a056

	The effect of Me4NBr, Et4NBr, Bu4NBr, and (EtOH)3EtNBr on the Temperature of Maximum Density of Water
	Abstract
	Introduction
	Experimental Section
	Results and Discussion
	Acknowledgements
	References



<<
  /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


