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LOW-TEMPERATURE HEAT CAPACITIES AND THERMODYNAMIC
PROPERTIES OF 2,2-DIMETHYL-1,3-PROPANEDIOL

B. Tong', Z.-C. Tan"*", X. C. Lv', L. X. Sun', F. Xu', Q. Shi' and Y. S. Li®

'Thermochemistry Laboratory, Dalian Institute of Chemical Physics, Chinese Academy of Science, Dalian 116023, China
College of Environmental Science and Engineering, Dalian Jiaotong University, Dalian 116028, China

The molar heat capacities Cy 1, of 2,2-dimethyl-1,3-propanediol were measured in the temperature range from 78 to 410 K by means
of a small sample automated adiabatic calorimeter. A solid—solid and a solid-liquid phase transitions were found at 7=314.304
and 402.402 K, respectively, from the experimental C,—T curve. The molar enthalpies and entropies of these transitions were
determined to be 14.78 kJ mol ', 47.01 J K' mol™" for the solid-solid transition and 7.518 kJ mol ", 18.68 J K" mol ' for the
solid-liquid transition, respectively. The dependence of heat capacity on the temperature was fitted to the following polynomial
equations with least square method. In the temperature range of 80 to 310 K, C,/(J K™ mol ")=117.72+58.8022x+3.0964x"
+6.87363x°~13.922x™+9.8889x°+16.195x%; x=[(T/K)-195]/115. In the temperature range of 325 to 395 K, C,./(J K" mol')=
290.74+22.767x—0.6247x*~0.8716x°~4.0159x*-0.2878x>+1.7244x"; x=[(T/K)-3601/35. The thermodynamic functions Hr—Haos s
and St—S205.15, were derived from the heat capacity data in the temperature range of 80 to 410 K with an interval of 5 K. The
thermostablility of the compound was further tested by DSC and TG measurements. The results were in agreement with those
obtained by adiabatic calorimetry.
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Introduction

2,2-Dimethyl-1,3-propanediol  [(CH;),C(CH,OH)j,
CAS No. 126-30-7] is an important polyhydric alco-
hol because of its special solid—solid phase change
characterization. Its molecular formula is CsH;,0,
with molar mass of 104.15 g mol™" and structural for-
mula as follows:

OH

HO

As a solid—solid phase change material, 2,2-di-
methyl-1,3-propanediol offers small volumetric
change during the phase change process, lower
undercooling, no leakage, smaller erosion to the
device, longer lifespan, and does not have segregation
or phase separation problems. It is even more impor-
tant that it has higher enthalpies and lower temper-
ature during the phase transition. 2,2-dimethyl-
1,3-propanediol is receiving more and more attention
due to its diverse advantages [1-4]. Moreover, it is
also a raw material to prepare binary solid-solid phase
change material. It is heterogeneous at low temper-
ature, but it becomes homogeneous face-centered
cubic crystal that has high symmetry and absorbs a
great deal of hydrogen bond energy when the temper-
ature rises to its solid-solid phase change temperature.
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Experiments show that it experiences a first-order
phase transition during which the change in their
Gibbs energy is zero [5].

The thermodynamic data of 2,2-dimethyl-1,3-
propanediol obtained from adiabatic calorimetric
method were reported in 1988 [6] and 2001 [7].
Because it is very useful in thermal energy storage, in
the present study, the heat capacity and phase transi-
tion were investigated in detail with precision
adiabatic calorimetric and thermal analytic technique
in a wide temperature range from 78 to 410 K.

Experimental
Sample

The 2,2-dimethyl-1,3-propanediol was purchased
from Tian Jin Guang Fu Fine Chemical Engineering
Institute with labeled purity >99.0% mass fraction.
The sample was re-crystallized and then purified by
sublimation.

Adiabatic calorimetry

Heat capacity measurements were carried out in a high-
precision automated adiabatic calorimeter described in
detail in [8, 9]. The calorimeter was established by
Thermochemistry Laboratory of Dalian Institute of
Chemical Physics, Chinese Academy of Sciences in PR
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China. It mainly consisted of a sample cell, a miniature
platinum resistance thermometer, an electric heater, an
inner and outer adiabatic shield, two sets of chromel-
copper thermocouples and a high vacuum system. Its
working temperature is from 80 to 580 K [10] and the
cooling medium is liquid nitrogen.

The measurements were conducted by means of
the standard method of intermittently heating the sam-
ple and alternately measuring the temperature. The
temperature difference between the sample and adia-
batic shield was automatically kept to be about 10 K
during the whole experiment. The temperature incre-
ment for a heating period was 2—4 K, and temperature
drift was maintained about 10™* K min™' during each
equilibrium period. The data were automatically col-
lected through a Data Acquisition/Switch Unit
(Model: 34420, Agilent USA) and processed on line by
a personal computer according to the program devel-
oped in our thermochemistry laboratory [11].

The sample amount used for the heat capacity mea-
surement is 4.07048 g, which is equivalent to
39.084 mmol based on its molar mass of 104.15 g mol .

Thermal analysis

A differential scanning calorimeter (Model: DSC141,
Setaram, France) was used to perform the thermal anal-
ysis of 2,2-dimethyl-1,3-propanediol under high purity
nitrogen (99.999%) with a flow rate of 40 mL min '
and heating and cooling rate of 10 K min'. The mass
of the sample used in the experiment was 3.08 mg.
The TG measurements of the sample were carried
out by a thermogravimetric analyzer (Model: DT-20B,
Shimadzu, Japan) under N, with a flow rate of
40 mL min ' and heating rate of 10 K min'. The mass
of the sample used in the experiment was 11.22 mg.

Results and discussion
Heat capacity and thermodynamic functions

Experimental molar heat capacities of 2,2-dimethyl-
1,3-propanediol measured by the adiabatic calorime-
ter over the temperature range from 78 to 410 K are
listed in Table 1 and plotted in Fig. 1. From the Fig. 1,
two phase transitions were observed at the tempera-
ture of 314.3 and 402.4 K, respectively. Since the
melting point reported in [12] was 400.5 K, the first
transition corresponds to a solid—solid phase change
and the second one to a solid—liquid phase change.

The values of experimental heat capacities were
fitted to the following polynomial equations with
least square method.

For the solid phase over the temperature range
of 80 to 310 K:
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Fig. 1 Experimental molar heat capacities (Cpm) of 2,2-di-
methyl-1,3-propanediol plotted vs. temperature

Cou/(J K mol )=117.72+58.8022x+
+3.0964x—6.87363x"—
~13.922x*+9.8889x°+16.195x° (1)

where x is  the reduced temperature
X=[T~(Tmaxt Tmin)/ 2 )/ [(Tmax—Tmin)/2], T is the experi-
mental temperature, thus, in the solid-state (80
to 310 K), x=[(T/K)-195]/115, where Ty, is the up-
per limit (310 K) and T, is the lower limit (80 K) of
the above temperature region. The correlation coef-
ficient of the fitting R*=0.9937.

For the solid phase over the temperature range
of 325 to 395 Kt

Com/(J K mol 1)=290.74+22.767x-0.6247x"~
—0.8716x°—4.0159x"-0.2878x°+1.7244x°  (2)

where x is the reduced temperature, x=[(7/K)-360]/35,
Tis the experimental temperature, 360 is obtained from
polynomial (7ipaxtTimin)/2, 35 is obtained from polyno-
mial (Tpax—Tmin)/2. Tax and Ty, are the upper (395 K)
and lower (325 K) limit temperature respectively. The
correlation coefficient of the fitting R*=0.9999.

The published papers in [13—16] have used the
same method to treat the C,,,, data around the phase
change temperature.

The temperature, enthalpy and entropy of solid—solid
and solid—liquid phase transitions

The molar enthalpies and entropies of the solid—solid
and solid-liquid phase transitions, AwsHm, AuwsSms
AgsHy and AgsSy, of the compound were derived
according to the following Eqs (3)—(6):

A trsHm =

0, - nTj C,, (AT — n} C, . ()T — }cp mdr )

n
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Table 1 Experimental molar heat capacity of 2,2-dimethyl-1,3-propanediol (M=104.15 g mol )

T/K  Cpu/JK ' mol T/K Cp/J K mol T/K Cp/J K mol™ T/K Cp/J K mol
79.898 61.07 167.168 103.9 254.630 145.9 331.173 269.6
83.981 62.63 171.124 105.5 258.605 147.3 335.068 273.2
87.869 64.85 175.040 107.8 262.648 149.4 339.010 276.0
91.882 66.43 178.911 109.3 266.666 151.8 343.007 279.2
95.964 68.08 182.880 1111 270.634 153.1 346.971 282.2
99.907 69.43 186.952 113.7 274.531 157.9 350.911 284.7

103.772 71.74 190.997 115.1 278.579 161.4 354.827 287.4
107.759 74.37 194.977 116.4 282.685 164.0 358.719 289.9
111.782 75.75 198.897 118.0 286.743 166.3 362.663 292.4
115.729 78.22 202.782 119.7 290.755 169.5 366.662 294.9
119.570 80.30 206.776 123.0 294.707 171.6 370.632 297.7
123.487 82.36 210.847 124.4 298.617 173.7 374.574 300.2
127.511 84.20 214.858 126.4 302.596 177.0 378.479 3023
131.444 86.10 218.831 129.0 306.633 179.2 382.361 305.0
135.296 88.31 222.772 129.6 310.626 183.2 386.302 306.6
139.260 90.45 226.669 133.7 313.382 666.9 390.270 309.4
143.315 92.34 230.531 133.9 314.184 12108 394.221 3113
147.300 94.33 234.600 135.6 314.304 18801 398.157 3145
151.225 96.47 238.792 138.9 314.461 8992 401.175 655.7
155.094 98.04 242.883 140.6 315.864 937.8 402.402 5383
159.063 100.3 246.825 140.6 321.396 261.0 405.023 505.6
163.146 102.3 250.744 143.2 327.328 266.1 407.478 502.7

407.782 639.4

Table 2 Thermodynamic parameters of 2,2-dimethyl-1,3-propanediol gained from heat capacity measurements

Thermodynamic

parameters T/K T/K AwHp/kTmol™ ApSo/TK ' mol™!  AgHu/kI mol'  AgeSp/T K mol™
Value 314.304 402.402 14.78 47.01 7.518 18.68
A S = A H, ) of the sample cell from 7 to Ty, Cpm(s) the heat capacity
s T, of the sample in solid phase from T; to T, Cym(/) the
heat capacity of the sample in liquid phase from 7}, to 7%
Ay H, = and » is molar amount of the sample. The heat capacity

T,

m

0, ~n|C,, (14T — nTj C,. (DAT - Tj c,@dr ©)

n

A thm
A fusSm = tTi

m

(6)

where T; is a temperature slightly lower than the
solid-solid transition temperature, 7; a temperature
slightly higher than the solid—solid transition tempera-
ture, Ty and T, are solid—solid and solid-liquid transi-
tion temperature, respectively, 7x a temperature slightly
lower than the solid-liquid transition temperature, 7t a
temperature slightly higher than the solid-liquid transi-
tion temperature, O the total energy introduced into the
sample cell from T; to T;, O, the total energy introduced
into the sample cell from 7 to Ty, C,(1) the heat capacity
of the sample cell from T; to T;, C,(2) the heat capacity
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polynomials mentioned above were used to calculate the
smoothed heat capacities, and were numerically inte-
grated to obtain the values of the standard thermody-
namic functions above 7=298.15 K. The calculated re-
sults are listed in Table 2.

The thermodynamic functions of the 2,2-di-
methyl-1,3-propanediol relative to the reference tem-
perature 298.15 K were calculated in the temperature
range of 80—410 K with an interval of 5 K, using the
polynomial equation of heat capacity and thermody-
namic relationships as follows.

Before solid—solid phase transition,

j‘ C o (s)dT

298.15

Hy —Hyp 5 = (7

T
St = Sy15 = J‘(Cp,m (s)/ THdT

298.15

®)
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Table 3 Calculated thermodynamic functions of 2,2-dimethyl-1,3-propanediol

K Thert met ima 7K Tt et ik mert
80 61.27 -25.09 -135.9 245 143.1 -8.333 -30.69
85 63.15 —24.78 -132.1 250 145.5 -7.611 -27.77
90 65.28 —24.46 —-128.4 255 147.9 —6.878 —24.86
95 67.57 -24.12 -124.8 260 150.4 —6.132 -21.96

100 69.99 —23.78 -121.3 265 152.8 —5.374 -19.06

105 72.49 -23.42 -117.8 270 155.4 —4.603 -16.18

110 75.03 —23.05 -114.4 275 158.0 -3.820 -13.31

115 77.59 —22.67 -111.0 280 160.8 —-3.023 -10.44

120 80.16 —22.28 -107.7 285 163.7 -2.212 —7.569

125 82.71 -21.87 —-104.4 290 167.0 —-1.385 —4.700

130 85.25 -21.45 -101.1 295 170.6 —0.5414 —-1.822

135 87.77 -21.02 -97.80 298.15 173.2 0 0

140 90.28 -20.57 —94.56 300 174.7 0.3218 1.075

145 92.76 -20.12 -91.34 305 179.5 1.207 4.002

150 95.24 -19.65 —88.15 310 184.9 2.118 6.977

155 97.71 —-19.16 —84.98 315 phase transition - -

160 100.2 —18.67 —81.38 320 phase transition - -

165 102.6 -18.16 -78.71 325 263.9 17.95 57.29

170 105.1 —-17.64 —75.60 330 268.6 19.29 61.36

175 107.6 -17.11 —72.52 335 273.0 20.64 65.43

180 110.1 -16.57 —69.45 340 277.0 22.02 69.50

185 112.6 —-16.01 —66.40 345 280.7 23.41 73.57

190 115.2 -15.44 —63.36 350 284.1 24.82 77.64

195 117.7 -14.86 —60.34 355 287.5 26.25 81.69

200 120.3 —-14.26 -57.33 360 290.7 27.70 85.73

205 122.9 —-13.66 —54.34 365 294.0 29.16 89.77

210 125.4 —-13.03 -51.35 370 297.2 30.64 93.79

215 128.0 -12.40 —48.38 375 300.3 32.13 97.80

220 130.6 -11.75 —45.41 380 303.4 33.04 101.8

225 133.1 -11.10 —42.45 385 306.2 35.16 105.8

230 135.6 -10.42 -39.50 390 309.0 36.70 109.8

235 138.1 -9.739 -36.55 395 311.8 38.25 113.7

240 140.6 -9.0421 -33.62 400 phase transition - -

405 phase transition - -

After solid—solid phase transition,
Hy — Hypq 15 =

: p ©
= [ConWT + A H, +[C,, (T
T

298.15

T,
St = Sao15 = _[(Cp,m (s)/ T)AT +
298.15 (10)
T
A GH,, T+ [ (C,p () THT

T

where T} is a temperature slightly lower than the
solid—solid transition temperature, 7; a temperature
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slightly higher than the solid—solid transition tempera-
ture; AgsHpn 1s the molar enthalpy of solid—solid phase
transition; Ag,Hy, 1S the molar enthalpy of fusion; 7 is
the temperature of solid—solid phase transition.

o The thermodynamic functions, Hr—Hog1s,
S1tS59g.15, are listed in Table 3.

In order to compare our results with literature val-
ues, the data reported by Zhang et al. [6], Kamae ef al.
[7] and present work are listed in Table 4. From the ta-
ble, it can be seen that T\, AgsHm, AusSm Of the phase
transition at about 314 K are in well accordance with
each other, but for the phase transition at about 403 K,
T of our work is lower slightly than that reported by

J. Therm. Anal. Cal., 90, 2007
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Zhang, while the AysHy and AgsSy, are slightly higher
than the values reported by Zhang.

Thermal analysis

From the DSC curve in Fig. 2, two sharply endother-
mic peaks were observed with the peak temperature
of 315.31 and 403.14 K respectively, which were
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Fig. 2 DSC curves of 2,2-dimethyl-1,3-propanediol
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Fig. 3 TG curves of 2,2-dimethyl-1,3-propanediol

Table 4 Transition temperatures and thermochemical
properties of 2,2-dimethyl-1,3-propanediol

Tw/K kAJtrrsnl_(])nl{l I I(A){Si;n(il’ 1 Ref./remark
60.4 0.177 2.93 Kamae et al. [7]
314.5 12.5 39.1 Kamae et al. [7]
314.8 12.41 39.4 Zhang et al. [6]
314.30 14.78 47.01 present work
315.31 13.54 42.94 DSC
403.3 4.44 10.5 Zhang et al. [6]
402.40 7.518 18.68 present work
403.14 7.96 19.75 DSC

J. Therm. Anal. Cal., 90, 2007

consistent with the value (314.30, 402.40 K) obtained
from the adiabatic calorimetric measurements.
Results were listed in Table 4. The data from our
present work and DSC are well consistent but slightly
higher than the data in literature.

From the TG curve in Fig. 3, it can be seen that
the mass loss of the sample starts at about 410 K and
completely loss the mass at about 450 K.

Acknowledgements

This work was financially supported by the National Nature Sci-
ence Foundation of China under the grant NSFC No. 20373072.

References

1 D. K. Benson, R. W. Burrows and J. D. Webb,
Solar Energy Mater., 13 (1986) 133.
2 J. Font, J. Muntasell, J. Navarro and J. L. Tamarit,
Solar Energy Mater., 15 (1987) 403.
E. Murril and L. Breed, Thermochim. Acta, 1 (1970) 239.
4 V. T. Witusiewica, L. Sturz, U. Hecht and S. Rex,
Acta Mater., 52 (2004) 5071.
5 Q. Wang, Hydrogen bonds in organic chemistry,
Tianjin: Tianjin University Press, 1993.
6 Z.Y.Zhang, H. Zou and M. L. Yang, Gaodeng Xuexiao
Huaxue Suebao, 9 (1988) 1085.
7 R.Kamae, K. Suenaga, T. Matsuo and H. Suga,
J. Chem. Thermodyn., 33 (2001) 471.
8 Z.-C.Tan, G. Y. Sunand Y. Sun, J. Thermal Anal.,
45 (1995) 59.
9 Z.-C.Tan, G. Y. Sun and Y. J. Song, Thermochim. Acta,
252-253 (2000) 247.
10 Z.-C. Tan, L. X. Sun and S. H. Meng, J. Chem. Thermodyn.,
34 (2002) 1417.
11 Z.-C. Tan, B. P. Liu, J. B. Yan and L. X. Sun,
Comput. Appl. Chem., 20 (2003) 264.
12 P.J. Gardner and K. S. Hussain, J. Chem. Thermodyn.,
4 (1972) 819.
13 H. Saitoh, S. Ikeuchi and K. Saito, J. Therm. Anal. Cal.,
81 (2005) 511.
14 M. H.Wang, Z.-C.Tan, Q. Shi, L.-X. Sun and T. Zhang,
J. Therm. Anal. Cal., 84 (2006) 413.
15 S.-X. Wang, Z.-C. Tan, Q. Shi, Y. Y. Di, H. T. Zhang,
F. Xu, L. X. Sun and T. Zhang, J. Chem. Thermodyn.,
37 (2005) 349.
16 Q.-F. Tian, Z.-C. Tan, Q. Shi, F. Xu, L. X. Sun and
T. Zhang, Thermochim. Acta, 430 (2005) 53.

w

Received: April 25, 2006
Accepted: August 2, 2006
OnlineFirst: February 13, 2007

DOI: 10.1007/s10973-006-7672-5

221




<<
  /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 <>
    /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.)
    /HUN <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


