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EXCESS ENTHALPIES OF WATER+1,4-DIOXANE AT 278.15, 298.15,
318.15 AND 338.15 K
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The excess molar enthalpies of (1-x)water+x1,4-dioxane have been measured at four different temperatures. All the mixtures
showed negative enthalpies in the range of low mole fraction but positive ones in the range of high mole fraction of 1,4-dioxane.
Excess enthalpies were increased with increasing temperature except those of at 278.15 K. Partial molar enthalpies have maximum
around x=0.13 and minimum around x=0.75. Three different behaviors for the concentration dependence of partial molar enthalpies
were observed for all temperature. Theoretical calculations of molecular interactions of three characteristic concentrations were

carried out using the molecular orbital method.
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Introduction

The behaviors of aqueous solution of aliphatic alcohols
showed one of the most attractive results [1], when size
of hydrophobic part of alcohol was changed. The inter-
esting behavior of excess enthalpies of water+ethanol
from 298.15 to 323.15 K were reported by Larkin [2]
to understand the hydrogen-bonding behaviors be-
tween water and ethanol. The excess enthalpies curve
at 331.15 K has two minimums of enthalpy, is unusual
in showing exothermal mixing for mixtures of water
rich area, endothermic mixing in the middle of the
composition range, and exothermal mixing again for
mixtures of ethanol rich composition. The curves
at 343.15 and 363.15 K are sigmoid in shape with
exothermal and endothermic parts but at 383.15 K
mixing is endothermic at all compositions. It is ex-
pected that the mixing curve at low temperature shows
very interesting behavior by means of hydrogen-bond-
ing and hydrophobic interactions. Consequently, the
measurement of water+1,4-dioxane system was carried
out. 1,4-Dioxane is amphiphilic solvent which has a
ring in the structure. It consists of two polar parts of
ether group and four non polar parts of ethylene group.
So some interactions between water and 1,4-dioxane
might be complexly affected by each other. From the
interesting expectation, the excess enthalpies of wa-
ter+1,4-dioxane at 298.15 and 318.15 K were reported
by Goates et al. [3], Belousov et al. [4] and
Morcom et al. [5] and showed exothermic and endo-
thermic behavior in different compositions. However,
in order to know the hydrogen-bonding and hydropho-
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bic behaviors in water for such as a ring structure com-
pound which have hydrophobic parts and hydrophilic
parts, the temperature dependence of the excess
enthalpy of water+1,4-dioxane are investigated. In this
paper, excess enthalpies at 278.15, 298.15, 318.15 and
338.15 K have been measured over a whole composi-
tion range to understand behavior of water and amphi-
philic ring compound of 1,4-dioxane.

Experimental

Material and methods

1,4-Dioxane (Spectra grade, Kishida Kagaku Co. Ltd.)
was fractionally distilled over freshly activated molec-
ular sieves 4A which had been evacuated at 453 K
for 12 h under 10* to 10~ Pa. G.l.c. results obtained
by using each 2-m column of 10% SE-30 on
chromosorb and 20% PEG-1000 on celite 545 with
FID on Yanagimoto G180FP showed merely some
trace-impurity ~ peaks  (<107). Coulometric
Karl-Fischer’s method on a Moisturemeter (Mitsu-
bishi Chemical Ind., CA-02) gave the water content
of each sample to be 0.01 mol% or less. Water was
purified as same as previous method [6].

The structure of 1,4-dioxane was obtained from
chemfinder [7]. The molecular geometry of 1,4-di-
oxane was minimized with the MMFF94s force field
by using the COMFLEXS program [8]. The lowest en-
ergy structure of conformation search was performed
by COMFLEXS program with the MMFF94s force
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field. This program has the following feature; the low-
est energy conformer does not depend on the initial
structure that user input. The obtained lowest energy
conformer was the initial structure of the ab initio mo-
lecular orbital calculations. Geometry optimization by
ab initio molecular orbital calculations was performed
by using Gaussian 03 program [9].

The conduction microcalorimeter [10-12]
(Setaram Model BT2.15, Lyon France) was kept in
thermostatted room. Excess enthalpies of mixing
were measured at the 278.15+0.001, 298.15+0.001,
318.15+0.001 and 338.15+0.001 K. The temperature
of the calorimeter calibrated by using precision plati-
num resistance thermometer (AXA F25).

Samples mass of water and 1,4-dioxane were pre-
cisely measured by semi-microbalance (Mettler AT261)
and loaded separately into each separated room of a
measurement vessel. Sample vessels were loaded into
the calorimeter and kept until the sample temperature
reached to the thermostatted temperature of the calorim-
eter. Then a separator in a vessel was removed and the
samples were mixed.

Calibration in energy was performed by a defined
amount of energy, electrically generated by Joule-effect
device (Setaram, EJ2), within the sample cell. Each cur-
rent to Joule’s modules were measured by Digital
Multimeter (Keythelley 196) with four wires method.

Results and discussion

Excess enthalpies of mixing of water+1,4-dioxane
at 278.15, 298.15, 318.15 and 338.15 K were listed in
Table 1. The enthalpies of mixing of (l1-x)wa-
ter+x1,4-dioxane at 298.15 K were plotted in Fig. 1a
with the results of Goates et al. [3], Belousov et al. [4]
and Morcom et al. [5]. As shown in Fig. 1a, minimum
and maximum values of excess enthalpies of
Goates et al. [3] were about 5 and 17% smaller than
those of this work, respectively. The enthalpies of mix-
ing at 318.15 K were plotted with the results of
Morcom et al. [5] in Fig. 1b. The minimum and maxi-
mum values of excess enthalpies of Belousov et al. [4]
were about 7% larger and 19% smaller than those of
this work, respectively. The excess enthalpies of
Morcom et al. [5] showed comparatively good agree-
ment with this work at 298.15 and 318.15 K as shown
in Figs 1a and b within about 5 and 6%, respectively.

Excess enthalpies of mixing at 278.15, 298.15,
318.15 and 338.15 K were plotted in Fig. 2, and fitted
with Redlich—Kister type Eq. (1) by means of least
square method, and coefficients of Eq. (1) were listed
in Table 2 with the standard deviations of fits s¢ (2).
Smoothing values of Eq. (1) with coefficients in
Table 2 were also shown in Fig. 2.
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The enthalpies of mixing of (1-x)wa-
ter+x1,4-dioxane at 278.15 K could measure in the
range from x=0 to 0.7, because the mixtures of super
cooled liquid of 1,4-dioxane were not stable, those
were crystallized in the calorimeter over x=0.7 [13].
Exothermic behaviors in the range of water rich region
were shown for four temperatures observed. It is
shown that the new strong hydrogen bonds might be
formed in the range of water rich region, and these sys-
tems were stable state than before the mixing. How-
ever, the excess enthalpies were shown endothermic
behavior in the range of water poor region over x=0.4.
Excess enthalpies of mixing at 298.15, 318.15 and
338.15 K showed the similar behaviors over the whole
range of concentration.

Enthalpic stabilization on mixing of wa-
ter+1,4-dioxane decreased with increasing tempera-
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Fig. 1 Excess enthalpies of (1—-x)water+x1,4-dioxane:
a—298.15and b—318.15 K; ® — Goates et al. [3],
W — Belousov ef al. [4], A —Morcom et al. [5] and
O — this work
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Table 1 Excess enthalpies of (1-x)water+x1,4-dioxane

X HYJ mol™! X HEJ mol™! X HY/J mol™

278.15K
0.004830 —44.73 0.12483 -531.8 0.33349 -229.4
0.01092 -96.06 0.12758 -534.6 0.39106 -113.1
0.03313 -255.9 0.13418 -534.4 0.40475 -92.85
0.03992 -299.2 0.15033 -523.0 0.42869 —41.82
0.04244 -307.7 0.17004 -508.3 0.43809 —-13.52
0.04879 -340.7 0.19691 —482.9 0.47749 64.57
0.04956 —438.8 0.22235 —436.6 0.48853 89.91
0.05000 -354.2 0.23630 -419.3 0.51469 146.9
0.05148 -360.0 0.26506 -362.6 0.53969 195.0
0.06575 —417.6 0.27989 -338.0 0.55121 213.2
0.07916 -468.0 0.29398 -301.7 0.56940 233.7
0.09211 —498.1 0.29726 -296.5 0.59075 268.3
0.10837 -527.4 0.30096 -291.0 0.62894 288.0
0.10971 -520.2

298.15 K
0.0008800 -9.120 0.21895 —456.8 0.65937 465.1
0.00543 —-53.60 0.30865 264.2 0.67064 471.5
0.01093 -104.2 0.39920 -52.54 0.68685 490.5
0.01465 —135.4 0.47668 117.6 0.76755 575.1
0.02594 -225.9 0.47961 118.7 0.78396 578.6
0.03071 -261.5 0.54208 254.4 0.83241 551.2
0.04753 -355.7 0.59731 361.8 0.86937 504.6
0.06306 -434.3 0.62234 399.3 0.92833 350.4
0.08140 -491.9 0.62697 408.5 0.95079 274.5
0.13076 -556.7 0.65285 442.8 0.95881 229.3
0.17720 -525.5

318.15K
0.02481 -162.5 0.34894 -39.95 0.75128 630.6
0.03076 -200.3 0.39520 73.31 0.79505 633.7
0.03975 -244.8 0.44199 180.3 0.81496 631.8
0.07641 -389.1 0.49127 283.0 0.84628 585.5
0.11008 —444.7 0.55065 382.8 0.86718 554.6
0.14767 —452.5 0.59296 459.0 0.90253 449.0
0.17499 —431.5 0.63444 526.6 0.92014 389.5
0.21637 -361.6 0.64526 533.0 0.94919 263.3
0.24645 -303.3 0.69232 587.0 0.96976 162.0
0.29733 —164.4

338.15K
0.01956 -98.11 0.34209 85.19 0.74501 740.8
0.04963 -210.7 0.39861 233.3 0.76701 730.3
0.06956 -250.6 0.44215 349.6 0.79557 699.8
0.07056 -254.1 0.44394 352.1 0.80237 688.6
0.07806 -266.4 0.47235 415.0 0.82907 649.4
0.09399 -295.6 0.48857 446.5 0.85512 599.8
0.11899 -319.6 0.51919 511.8 0.86638 579.5
0.13852 -320.7 0.54389 567.1 0.88303 534.4
0.14792 -310.4 0.55243 590.0 0.91085 438.5
0.15272 -308.4 0.59428 652.7 0.92027 404.0
0.19763 -252.9 0.66130 719.6 0.95236 261.1
0.24756 —-155.5 0.69499 743.3 0.98167 111.6
0.29609 -36.37 0.73393 740.5

ture except for the results at 278.15 K. It might be de-
crease of number of hydrogen bonds in the mixtures
by increasing temperature.

The maximum and minimum at four temperatures
are listed in Table 3. The minimum and maximum val-
ues of excess enthalpies observed temperatures ap-
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peared at around x=0.13 and 0.78, respectively. The
minimum of exothermic enthalpies and maximum of
endothermic enthalpies observed temperatures were
decreased and increased with increasing temperature
respectively, except at 278.15 K.
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Fig. 2 Excess enthalpies of (1—-x)water+x1,4-dioxane:
& —278.15,0-298.15, A —318.15and O —338.15 K.
The lines showed the soothing values of Eq. (1) with
coefficients of Table 2

The partial molar enthalpies of /| of water and
H, of 14-dioxane calculated from Eq. (1), and was
shown in Fig. 3. Partial molar enthalpies of water
and 1,4-dioxane may be categorized by three parts.
Part I was the region of x<0.3, and which changed large
negative to positive partial molar enthalpies for
1,4-dioxane. Part II is 0.3<x<0.8, which showed almost
constant partial molar enthalpies. Part III was the range
of x>0.8. At the lower concentration of Part I, /) in-
creased rapidly increased with concentration of
1,4-dioxane until x=0.2 and all /, showed maximum
value around x=0.3. Enthalpic stabilization of H, were
decreased with increasing temperature except for the re-
sults at 278.15 K as shown in Fig. 4. Partial molar
enthalpies of water were negative and almost constant at
Part II from x=0.3 to 0.5. Enthalpic stabilization of par-
tial molar enthalpies of 1,4-dioxane were decreased with
increasing temperature. And those concentration span
which showed almost constant partial molar enthalpies,
become narrower with increasing temperature. Partial
molar enthalpies of 1,4-dioxane and water showed posi-
tive values at Part III. The number and strength of hy-
drogen-bonding between water and 1,4-dioxane might
be affected on enthalpic behavior very strongly. How-
ever, H| decreased rapidly with decreasing the concen-
tration between x=1 and 0.7. That means water mole-
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Fig. 3 Excess partial molar enthalpies of (1-x)watertx1,4-dioxane:
a—278.15,b—-298.15,c—318.15and d - 338.15K

cules in the aqueous solution of 1,4-dioxane over
x=0.7 were unstabilized on mixing.

Part I might be shown that hydrogen bonding
network of water might be increased by so-called hy-
drophobic hydration. Partial molar enthalpies of
1,4-dioxane were a little positive but those of water
were large positive in Part III. The hydrogen-bonding
in pure water might be broken but a little hydrogen-
bonding between water and 1,4-dioxane might be
formed or quadrupole interaction between 1,4-di-
oxane become better conformation. When partial mo-
lar enthalpies of binary mixture were constant, those
intermolecular interactions must be constant when-
ever total molar ratio of each component was
changed. The solution in this concentration region
might consist of a cluster of water rich cluster and a

Table 2 Best fits coefficients 4; of Eq. (1) and the standard deviations of the fit s¢

Temperature/K A, A, As Ay As As si/l mol ™!
278.15 445.0 -4169.2 -941.8 —6877.5 =22777 11170 3.7
298.15 672.2 -4151.0 -504.3 -3659.8 -2013.5 -619.9 43
318.15 11453 -4028.1 1138.3 -3084.7 -2707.0 30.8 34
338.15 1921.3 —4347.0 —1445.6 —1630.8 —58.6 3.3
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EXCESS ENTHALPIES OF WATER+1,4-DIOXANE

Table 3 Minimum and maximum values of excess enthalpy
of (1-x)water+x1,4-dioxane

Minimum Maximum
K X H/J mol! X H*/J mol™
278.15  0.11367 -524.2
298.18  0.13720 —554.7 0.78061 569.4
318.15  0.12474 -433.5 0.76292 641.1
338.15  0.12831 -312.8 0.71923 744.1

Table 4 Partial molar excess enthalpies at infinite dilution of
(1-x)water+x1,4-dioxane

T/K H*/kJ mol ™ HY*/kJ mol™!
278.15 -9.39
298.18 6.58 -10.3
318.15 5.66 -8.56
338.15 6.39 -5.56

cluster of 1,4-dioxane rich cluster. When the total
mole fraction was changed in Part II, the size of clus-
ters were only changed to keep constant partial molar
enthalpies that is excess enthalpies might consist of
formation of those two kinds of clusters in Part II.
And these clusters might be decreased with increasing
temperature. These behaviors were very similar to the
mixture of water+ethanol reported by Larkin [2].
They denominated a pseudo-two-phase system. The
mixtures consisted microscopic clusters of stabilized
water in dynamic equilibrium with a random mixture
of water+1,4-dioxane. The molecule of 1,4-dioxane
and ethanol have two surfaces of hydrophobic and hy-
drophilic part. Molecular interaction behaviors be-
tween those two parts of amphiphilic molecules and
water might be competitive in the solutions. In order
to know the molecular configuration of water and
1,4-dioxane for above three parts, the lowest energy
conformers were determined by the ab initio molecu-
lar orbital calculations. Geometry optimization by ab
initio molecular orbital calculations were carried out,
at the RHF/6-31G(d) level and the RHF/STO-3G
level theory [13]. Molecular ratios of water/1,4-di-
oxane calculated were 18/3, 8/13 and 4/17 which cor-
responded to mole fraction of x=0.14, 0.59 and 0.81,
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Fig. 4 Temperature dependence of partial molar enthalpies on
(1—x)water+x1,4-dioxane in dilute concentration:
a — partial molar enthalpies of water and b — partial mo-
lar enthalpies of 1,4-dioxane; at --- — 278.15,
————— —298.15,————318.15and — - 338.15 K

respectively. The lowest energy conformers of three
concentrations were shown as Fig. 5. As shown in
Fig. 5, there were no hydrogen-bonding between wa-
ter and 1,4-dioxane. Here hydrogen-bonding showed
by dotted lines. The network structures in those con-
centrations of water were increased as hydrophobic
hydration in Part I shown in Fig. 5a. In Part II as
shown in Fig. 5b, the network structure of water was
not stronger as Part I, but water and 1,4-dioxane
might be constructed different clusters each other. In
Part III as shown in Fig. 5c, waters were less hydro-
gen-bonding compared with Parts I and II. And water

Fig. 5 Lowest energy conformation of aqueous solutions of 1,4-dioxane by means of ab initio molecular orbital calculations:

a—x=0.14, b —x=0.59 and ¢ — x=0.81

J. Therm. Anal. Cal., 85, 2006
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Fig. 6 Temperature dependences of partial molar enthalpies at
infinite dilution: systems of O,® — water+1,4-dioxane,
A,/ — watertethanol; partial molar enthalpies of
O,A — water, @, A — 1,4-dioxane or ethanol

molecules seem to be in the cage of 1,4-dioxane with
less hydrogen-bonding water. These configurational
figures from the ab initio molecular orbital calcula-
tions were consistent of scheme from concentration
dependence of partial molar enthalpies.

The partial molar enthalpies at the infinite dilution
H " were calculated by Eq. (1) with coefficients in Ta-
ble 2 and listed in Table 4. Temperature dependences on
the partial molar enthalpies at an infinite dilution were
shown in Fig. 6 with those of water+ethanol mix-
tures [2]. Temperature dependences of those partial mo-
lar excess enthalpies were similar for both systems.
H ™ at all temperatures were more positive than H,"”,
that is less enthalpically stable. Partial molar enthalpies
at infinite dilution of water+1,4-dioxane were less stable
than those of water+ethanol. Partial molar enthalpies of
water+1,4-dioxane and water+ethanol were increased
with increasing temperature. H,” of water+1,4-di-
oxane were shown linearly increasing but those of wa-
ter+ethanol were non-linearly as shown in Fig. 6.

Temperature dependence of H,” of water
+1,4-dioxane were fitted by Eq. (3):

HY* [k] mol ']=—45.9+0.11867 5=0.51 kJ mol ™' (3)

The extrapolated value of H,* at 278.15 K from
Eq. (3) was —129 kJ mol" and the value was
3.5 kI mol ™ less stable than observed value at 278.15 K
as shown in Table 4. Melting point of 1,4-dioxane is
284.95 K. So liquid state of 1,4-dioxane is metastable at
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278.15 K. Heat capacity of 1,4-dioxane is
150.7 J K" mol™ at 298.15 K. If the heat capacity
of 1,4-dioxane can extrapolate to 278.15 K, enthalpy
difference of 1,4-dioxane between 278.15 and 284.95 K
is 1.02 kJ mol ™. It might be change of hydrogen-bond-
ing scheme of water at 277.13 K. On the other hand, the
partial molar excess enthalpies H " of water at infinite
dilution in 1,4-dioxane were almost constant of
6.2140.49 kJ mol ', and positive values, even the partial
molar excess enthalpies of 1,4-dioxan were shown large
temperature dependence with negative values. As
shown in Fig. 6, those of water+ethanol system showed
large temperature dependence than those of wa-
ter+1,4-dioxane. H IE"” of aqueous solution of 1,4-di-
oxane were positive but those of aqueous solution of
ethanol were negative. That was major difference be-
tween aqueous solution of 1,4-dioxane and ethanol.

Water molecules in the high concentration of aqueous
solution of 1,4-dioxane might be inhibited the interac-
tion between 1,4-dioxane also be decreased the number
of hydrogen-bonding with water. The scheme did not
inconsistent with theoretical calculation.

References

1 F. Franks, Water Volume 1, Unilever Research Laboratory
Shambrook, Bedford, England 1972.
2 J. A. Larkin, J. Chem. Thermodyn., 7 (1975) 137.
3 J.R. Goates and R. J. Sullivan, J. Phys. Chem.,
62 (1958) 188.
4 J.]. Christensen, R. W. Hanks and R. M. Izatt, Handbook of
Heats of Mixing, John Wiley & Sons, Inc., 1982, p. 1414.
5 K. W. Morcom and R. W. Smith, Trans. Faraday Soc.,
66 (1970) 1073.
6 T. Kimura and S. Takagi, J. Chem. Thermodyn.,
10 (1978) 495.
7 http://chemfinder.cambridgesoft.com/
CONFLEXS, CONFLEX Corporation 2004.
9 Gaussian 03, Revision C.02, Gaussian, Inc.,
Wallingford CT 2004.
10 E. Calvet and H. Prat, Recent Progress in Microcalorimetry,
H. A. Skinner, Ed. Pergamon Press, New York 1963.
11 P. C. Gravelle, Adv. Catal., 22 (1972) 191.
12 Y. P. Handa, R. E. Hawkins and J. J. Murray,
J. Chem. Thermodyn., 16 (1984) 623.
13 M. Fujisawa and T. Kimura, to be submitted.
14 K. W. Morcom and R. W. Smith, J. Chem. Thermodyn.,
3(1971) 507.

[e e}

DOI: 10.1007/s10973-006-7658-3

J. Therm. Anal. Cal., 85, 2006




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


