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Static Relative Permittivities of Water + Ethane-1,2-diol and Water +
Propane-1,2,3-triol under Pressures up to 300 MPa at 298.15 K

Yasuhiro Uosaki,* Sunao Kitaura, and Takashi Moriyoshi

Department of Chemical Science and Technology, Faculty of Engineering, University of Tokushima,
Tokushima 770-8506, Japan

Static relative permittivitiesef) of water+ ethane-1,2-diol and watef propane-1,2,3-triol mixtures were measured
at the mole fraction of organic componemg)(from 0 to 0.8 at 0.2 intervals under pressures up to 300 MPa at
the temperature 298.15 K. The relative permittivities at 0.1 MiR®d)) againstx, for both aqueous mixtures in
this work were correlated with a polynomial equationxgfand were compared with the literature values. The
relative permittivities at pressuke(e,(Po)) were also correlated with the polarizatiqu) for both aqueous mixtures,
and reasonable correlations were obtained by use of only one adjustable par&mptdhé experimentat,
results as a function d® for each mixture were fitted to a Tait-type equation, and the Tait-type paramatnsl,

B, were determined. A comparison between composition dependenédmnoé (0P)r at 0.1 MPa and 298.15 K,

(@ In &/0P)rp, calculated from values o (Pg) and the Tait-type parameters and that of the isothermal
compressibility at 0.1 MPa;r p,, was made for both aqueous polyhydric alcohol mixtures. In addition, composition
dependence of,~2(0/0P)T values at 0.1 MPa(Po) ?(de/0P)1 p,, €valuated frome(Po), A, andB values were
correlated with a quadratic equation>ef An empirical equation by Marcus for estimatinglq e,/0P)r g, values

was used, and the estimated results were compared with the experimental ones. Furthermore, a combination equation
of the correlation equations fefr(Po) and e;(Po)~%(der/dP)t p, With X, was used to obtain(In /dP)r p, values,

and then it was found that the calculated values reproduce the composition dependeniteegdP)r g, well.

Introduction Experimental Section

The static relative permittivities, of water+ polar organic Guaranteed reagent-grade ethane-1,2-diol and propane-1,2,3-
mixtures under high pressures up to 300 MPa at 298.15 K havetriol were purchased from Wako Pure Chemical Industries Ltd.
so far been measured as a function of composition in our labor- The purity of each compound was better than 99 % according
atory'~5 Furthermore, compressions of binary aqueous polar t0 the supplier. Under a Nstream at reduced pressure, each
organic mixtures at various compositions have been measuredcompound was refluxed over Calfor several hours and then
under pressures up to 200 MPa at 298.15 K, and Compositiondisti”ed at least twice. Water was purified by the method
dependence of the isothermal compressibilites at 0.1 MPadescribed in the previous pageThe refractive indicesp were
determined from their compression data has been repbrted. Measured with an Abbe refractometer at 0.1 MPa and 298.15
K and the values for ethane-1,2-diol and propane-1,2,3-triol were
1.4304 and 1.4722, respectively. Correspondingalues from
the literaturé are 1.4306 for ethane-1,2-diol and 1.4730 for
propane-1,2,3-triol. All the aqueous organic mixtures were
prepared gravimetrically and their compositions were accurate
to within £ 0.0001. Details of the procedure and apparatus for
capacitance measurements have been described édnlitre
capacitance measurements, temperature was thermostated at
(298.15+ 0.01) K and pressure was measured with a Bourdon
gauge with an accuracy of 0.07 MPa. The uncertainty; iis
estimated to be less than 0.1 %. Themeasurements were
carried out more than three times for each solution, andgthe
values thus obtained were reproduced to withi®.09 %.

Recently we have reporteel values for pure polyhydric
alcohols! three aqueous butanediol mixtufesnd two aqueous
propanediol mixturésunder pressures up to 300 MPa at 298.15
K. The present paper repo#sfor water+ ethane-1,2-diol and
water+ propane-1,2,3-triol at the mole fraction of polyhydric
alcoholx, from 0 to 0.8 at intervals of 0.2 under pressures up
to 300 MPa at 298.15 K. Relative permittivity Bt= 0.1 MPa
&(Po) for both aqueous mixtures are fitted to a polynomial
equation ofx,. Pressure and density dependence afe, respec-
tively, correlated with a Tait-type equation and a quadratic equa-
tion of density. Dielectric parameters B§ = 0.1 MPa: e/
P)1.R, (0 In &/3P)1 R, and e(Po)2(de/dP)t p, are calculated
from values ofe(Po) and the Tait-type parameters. Since the
isothermal compressibilitiesr at 0.1 MPagr g, are available
for both aqueous polyhydric alcohol mixtures over the whole
composition range at 298.15 K, the composition dependence Composition Dependence af(P). The averaged experi-
of (9 In €/3P)rp, is compared with that ofr at 0.1 MPa. In mental ¢, values for water+ ethane-1,2-diol and watet
addition, e;(Po)~%(9e,/0P)t p, is fitted to a quadratic equation of ~ Propane-1,2,3-triol under high pressure at 298.15 K are listed
2. The experimental(In €/3P)r p, values are compared with in Table 1, where; is the mole fraction of organic component.
the estimated values from not only an empirical equation by Figure 1, panels a and b, illustrates plots of the static relative
Marcus but also an equation derived from a combination of Permittivity atPo = 0.1 MPae(Po) for water + ethane-1,2-
correlation equations for(Pg) and e,(Po) 2(de/0P)r g, diol and water+ propane-1,2,3-triol against at 298.15 K,

respectively. Available,(Pp) data for each aqueous polyhydric
* Corresponding author. E-mail: uosaki@chem.tokushima-u.ac.jp. Tel: &/cohol mixture from the literatuPe!® are also plotted in each
+81-88-656-7417. Fax:+81-88-656-9449. panel. Most of data are obtained from the tabulated data in the
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Figure 1. Static relative permittivities at 298.15 K and 0.1 MB&Pg)
against mole fraction of organic componegt(a) For water (1)}t ethane-
1,2-diol (2): @, this work;O, ref 9;0, ref 10; A, ref 11; v, ref 12; right-
facing open triangle, ref 13. (b) For water propane-1,2,3-triol (2):H,
this work; O, ref 9;0, ref 14; A, ref 15. The smoothed curves are based on
the values ofA listed in Table 2.

Table 1. Static Relative Permittivitiese, for Water +
Ethane-1,2-diol and Water+ Propane-1,2,3-triol as a Function of
Pressure at 298.15 K

¢ atP/IMPa
Xo 0.1 50 100 150 200 250 300
Water (1)+ Ethane-1,2-diol (2)
0.0000 7839 80.18 81.88 8347 85.01 86.48 87.94
0.2000 65.26 66.72 68.04 69.30 7047 7160 72.68
0.4000 56.38 57.74 5896 60.14 61.19 62.23 63.22
0.6000 49.73 5099 52.14 5321 5420 55.15 56.06
0.8000 4476 4595 47.04 48.05 49.00 49.89 50.72
1.000¢ 40.70 41.80 42.83 43.77 44.65 45.48 46.27
Water (1)+ Propane-1,2,3-triol (2)

0.2000 63.79 65.05 66.28 67.44 6855 69.62 70.65
0.4000 55.26  56.37 57.44 5846 5943 60.37 61.28
0.6000 49.52 5055 5150 5242 5329 5414 54.95
0.8000 4548  46.43 47.33 48.18 4899 49.77 50.53
1.0006¢ 4249 4339 4424 4504 4580 46.54 47.25

aRef 7.

literature. Since the,(Po) data for watert- propane-1,2,3-triol

by Saleh et al®> were given only in their figure, the data
extracted from the scanned figure were included in Figure 1b.
Repeated scanning and digitized valuese@Pg) and x, are
reproduced respectively withii 0.01 andt 0.001. Oure (Po)
data are fitted to the following equation by a method of least
squares:

N
€(P) = AX ()
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Figure 2. Relative deviation o&,(Po) at 298.15 K from eq 1 against mole
fraction of organic component. (a) For water (11 ethane-1,2-diol (2):
@, this work; O, ref 9; 0, ref 10; A, ref 11; v, ref 12; right-facing open
triangle, ref 13. (b) For watet- propane-1,2,3-triol (2)#, this work;O,
ref 9; 0, ref 14; A, ref 15.

Table 2. CoefficientsA; and Standard Deviation (e (Po)) for
Least-Squares Representations of;(Po) by Equation 1 at 298.15 K

Ao A Ay Ag Ay o(e(Po))
Water (1)+ Ethane-1,2-diol (2)
78.38 —79.24 79.08 —53.79 16.28 0.01
Water (1)+ Propane-1,2,3-triol (2)
78.38 —94.06 125.26 —101.33 34.25 0.01

2, where the standard deviations of thedfi¢,) by eq 1 are also
listed. Relatives,(Po) deviations, 100e/(Po)exp — €r(Po)caid /€
(Po)caie, of the experimental values(Pg)ex, from the calculated
valuese(Po)caic by use of eq 1 andy values are illustrated as

a function ofx; in Figure 2. For water- ethane-1,2-diol, the
experimental data from the literature except those kgrff

are in agreement with the calculated values by eq 1 within
0.8 %; the average absolute deviation by Morenas and Dou-
heret1% Douh@et and Pall Corradini et al1?2 and George and
Sastry3 are 0.2 %, 0.2 %, 0.3 %, and 0.5 %, respectively. The
data by Aerlof below x, = 0.303 agree with the calculated
ones within 1.5 %, but the deviation abaxe= 0.404 becomes
larger in magnitude with an increase in compositieniPo) at

X2 = 1is 7.4 % smaller than the calculated one. For water
propane-1,2,3-triol, the average absolute deviation by Albright
from the calculated values by eq 1 is 0.3 %. The average
absolute deviation by Saleh et'alis as high as 1.9 % below
X2 = 0.171, and a maximum deviation is found to be 1.9 % at
X2 = 0.171, while the average deviation in the rangexpf=
(0.229 to 1) except at, = 0.911 is only 0.3 %; the deviation
atx; = 0.911 is 1.8 %. The absolute relative deviation for water
+ propane-1,2,3-triol byOJ%erI'('Jf,9 in general, becomes larger
with x, as well as found in the composition dependence of the
deviation for watert- ethane-1,2-diol; his,(Pg) data are smaller
than ours over the composition range with a maximum deviation

whereA values are the coefficients and are tabulated in Table of —6.6 % atx, = 0.638.
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Figure 3. Pressure dependence of the static relative permittivéider

(a) water (1)+ ethane-1,2-diol (2) and (b) water () propane-1,2,3-triol
(2) at 298.15 K: @, x; = 0.0000;0, x, = 0.2000;4, X, = 0.4000;A, X2

= 0.6000;m, x; = 0.8000;1, X, = 1.00007 The smoothed curves are based
on the values o&(Po), A, andB listed in Table 3.

Figure 4. Density dependence efat 298.15 K for (a) water (1} ethane-
1,2-diol (2) and (b) water (1} propane-1,2,3-triol (2):®, x, = 0.0000;
O, X2 = 0.2000;4, x2 = 0.4000;A, X, = 0.6000;H, x = 0.8000;0, X, =
1.0000. The smoothed curves are based on the valug&Pgf in Table 3
and p(Pg), &, andb in Table 4.

Pressure and Density Dependence f The ¢ results for
each aqueous polyhydric alcohol mixture are plotted as a
function of pressure in Figure 3. Although values increase
with pressure, de/0P)t becomes smaller with increasing pres-

Table 3. Static Relative Permittivity at 0.1 MPa € (Po), Parameters
of the Tait-Type Equation A and B, and Standard Deviations of Fit
by Equation 2 a(e;) at 298.15 K

. . P A BMPa
sure in each solution. Such pressure dependences afe X e’(v\;’) D7 Ehane 12401 @) ole)
: e o ater (1)+ Ethane-1,2-dio
usually found as long as the solution is in the liquid p_hase. The 0.0000 28.39 0.2166 461.3 0.01
dependence ok, values on pressure for each mixture is 0.2000 65.26 0.1758 381.4 0.01
correlated with the following Tait-type equation, usually known 0.4000 56.38 0.1737 347.6 0.02
: a6 0.6000 49.73 0.1741 329.0 0.01
as the OwenBrinkley equation’ 0.8000 4476 01742 310.9 0.00
1.0000 40.70 0.1790 312.6 0.01
&(Po) _ B+ P Water (1)+ Propane-1,2,3-triol (2)
= =AngT 5 2) 0.2000 63.79 0.2118 515.4 0.00
&(P) 0 0.4000 55.26 0.2147 516.9 0.02
0.6000 49.52 0.2029 478.0 0.00
In this equationg(P) is the static relative permittivity at the 08008 A T ke 00
pressuré®. Table 3 summarizes the Tait-type paramet&rand ' ' ' ' '
aRef 7.

B, for each solution determined from a nonweighted least-
squares method together with the standard deviatga$ of
the fit. The largesti(¢;) value obtained in this work is 0.02, so  (Po) are the density at pressuReand 0.1 MPa, respectively.
the value is within the uncertainty ig. Consequentlye(P) The p(P) values up to 200 MPa were calculated from the Tait
value at any pressure up to 300 MPa can be calculated usingequation with the aid of the Tait parameters determined from
eq 2 with ¢(Po), A, and B values in Table 3 with a good the compression measureménas pressures up to 200 MPa
accuracy. and availableo(Po) data for watert+ ethane-1,2-didl317and
In the previous papérit has been shown that(P) for water water-+ propane-1,2,3-triéf1°at 298.15 K. Plots o, against
+ propane-1,2-diol and watet propane-1,3-diol was well-  p thus determined at various compositions for each aqueous
represented by the following equation, which passed through polyhydric alcohol mixture up to 200 MPa are depicted in Figure
the point p(Py), €(Po)): 4, wheree, data for water were plotted against density up to
300 MPa available from the NIST Chemistry WebBd8R.able
€(P) = €(Py) + a{p(P) — p(Py)} + b{p(P) — p(PO)}2 3) 4 lists p(Po), €(Po), @, andb values determined by a least-squares
method for both aqueous polyhydric alcohols along with the

wherea andb are the adjustable parameters, aufd) and p- standard deviatiow(e,) of the fit by eq 3. There is a general
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Table 4. Density at 0.1 MPap(Py), Static Relative Permittivity at Table 5. Adjustable Parameterki» in Equation 4, Pressure Ranges,
0.1 MPa €:(Po), Adjustable Parametersa and b in Equation 3, and and the Standard Deviation ofe;(P) of Fit by Equation 4 o(e)
Standard Deviation of Fit by Equation 3 o(e) system PaMPa ks o)
X2 p(Polkgm=  e(Po) akgm® 1CWkg*m®  ofe) water (1)+ ethane-1,2-diol (2) 02200 0123 0.29
Water (1)+ Ethane-1,2-diol (2) water (1)+ propane-1,2,3-triol (2) 0:2200 0.115 0.43
0.0000 997.05 78.39 0.08074 10.50 0.02
0.2000 1057.3 65.26 0.08201 1.608 0.01 ap means thak;; was determined from the(P) and p(P) data in the
0.4000 1084.5 56.38  0.07863  —0.158 0.01 pressure ranges of (0.1 to 200) MPa.
0.6000 1097.8 49.73 0.07011 4.437 0.00
0.8000 1105.2 44.76 0.06424 4.819 0.00 15
1.0000 1109.9 40.70 0.05719 7.241 0.00 ’ @ I I I I
Water (1)+ Propane-1,2.3-triol (2) 1.0 -
0.2000 1139.6 63.79 0.07769 8.885 0.01 8
0.4000 1196.6 55.26 0.07312 10.44 0.00 05 ; -
0.6000 1225.6 49.52 0.06921 7.898 0.01 H
0.8000 1243.5 45.48 0.06557 7.123 0.00 0 A
1.0000 1253.2 42.49 0.06308 5.392 0.00
0.5 A &
tendency that value decreases with an increasednas also 1ok _

found in water+ propanediol systenfsJudging from thes(e)
values, it is clear that eq 3 represents the density dependence

0 0.2 0.4 0.6 0.8 1

100 {er (P)exp - 8r (P)cal} / sr (P)cal

of «(P) very well (i.e.,&(P) is a quadratic equation gf(P)). x,

Correlation of Composition Dependence af(P) Using 1.5 T T T T
Polarization p. It is very important to predict composition 10 | (b) ]
dependence of(P) values for binary mixtures using onky- ﬁ
(P) and p(P) data for pure components. Recently Wang and 0.5 -
Anderka! have used a correlation equation for the composition 0 &
dependence of the polarization per unit volumpgdt 0.1 MPa:
po = (&(Po) — 1)(2¢/(Po) + 1)/9(Pg) and have reported 051 N
reasonable composition dependence @) for water+ ethane- 1ok [ @
1,2-diol in the temperature ranges of (293.15 to 373.15) K using | | | |
the €(Po) — 1)(2¢1(Po) + 1)/9(Po) data for pure components ‘1~50 02 04 06 08 ]
and only one adjustable parameter. Although they used their ' Tx, ’

Co”el_ation equation to the data at atmOSph_eriC pressure, therigure 5. Relative deviation o&(P) at 298.15 K from the calculated values
equation can be applied to the data under high pressures. Thérom eq 4 using«. listed in Table 5 against the mole fraction of organic

correlation equation for binary mixtures is given as follows:  componentx, for (a) water (1)+ ethane-1,2-diol (2) and (b) water
propane-1,2,3-triol (2)®, 0.1 MPa;,0, 50 MPa;ll, 100 MPafl, 150 MPa;

2 2 A, 200 MPa.
XX{p(P)M/p(P)}.
,Z JZ PRIV, Relativee (P) deviations, 100e:(P)exp — €:(P)caid/er(P)caio Of
p(P) = (4) the experimental values(P)ex, from the calculated values-
2 . .
M/o.(P (P)caic by use of eq 4 an#l;, value are illustrated as a function
{xM/pi(P)} of x, in Figure 5, where the values & = (0 and 1) are not

plotted because relativg(P) deviations are zero by definition.
Composition dependence of relative deviations is very similar
in both aqueous organic systems; large positive deviations are
1 found atx, = 0.2, while the experimental values st = 0.4
{P(PIM/p(P)};; = S{P(PIM/0i(P) + pi(P)M{/p(P)} (1 + k) are in excellent agreement with the calculated ones; slight
(®) negative deviations are found at= (0.6 and 0.8).

Dielectric Parameters at P Values of Qe/oP)t, (0 In ¢/
oP)1, and ¢, %(d¢,/0P)1 at 0.1 MPa are required not only for
analyzing electrolyte solution data at atmospheric pressure but
also for estimating a volume contribution due to electrostriction
to the standard partial molar volume of an individual ion by
use of the Born equation. These values at 0.1 MPa can be easily

where

andk; is a adjustable parameter fioe= j and equal to zero for

i =j. Ineq 4,M; and p;(P) are, respectively, the molar mass
and the density at the pressiréor the componenit andpi(P)
means the polarization per unit volume for the componextt
the pressuré® defined as follows:

{e.(P) — L}{2e.(P) + 1} evaluated frome(Po) and the Tait-type parameters as follows:
! P — rn I 6
Pe %,(P) © () e .
P, TP, T B+ Py Q)

whereei(P) is €(P) for the component. By use of thee(P)

andp(P) data as a function o, for water+ ethane-1,2-diol or 9ln e A
propane-1,2,3-triol at pressures up to 200 MRayvalues for ( ') = (8)
water+ ethane-1,2-diol and watef propane-1,2,3-triol systems oP Jtr, B+ Py

were determined. The values are listed in Table 5, where the

standard deviations(e) of the fit by eq 4 are also included. It (P )—z(%) _ A ©)

is found that theo(e;) values obtained from eq 4 are not so O \oP/TR,  €(Py)(B + Pp)

good as those values from the polynomial fit by eq 1, but the

fact that use of only one adjustable parameiter gave a Table 6 summarizes the values 6¢(0P)rp,, (3 In €/0P)1 g,
reasonable composition dependenceedP) is noteworthy. and e:(Pg) ~?(9¢,/0P)1 p, at selected compositions together with
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Figure 6. Composition dependence od (n €/0P)rp, at 298.15 K: @,
water (1)+ ethane-1,2-diol (2)M, water (1)+ propane-1,2,3-triol (2). The
curves by a cubic-spline fit to data points are to guide to the eye.

Table 6. Dielectric Parameters at 0.1 MPa, de(/oP)t p,, (3 In
€/3P)1 p,, and er(Po)"(8€:/8P)tp,, and Isothermal Compressibility at
0.1 MPakrp, at 298.15 K

Figure 7. Composition dependence @{Pg)~%(d¢//0P)rp, at 298.15 K: @,
water (1)+ ethane-1,2-diol (2)m, water (1)+ propane-1,2,3-triol (2)O,
water (1)+ propane-1,2-diol (2)J, water (1)+ propane-1,3-diol (2)a,
water (1)+ butane-1,2-diol (2)¥, water (1)+ butane-1,3-diol (2); right-
facing open triangle, water () butane-1,4-diol (2). The curves are based
on the values of €(Po)~%(de/dP)tp,}i andC in Table 7.

(3 OP) 1y @In e/dP)rp, KT R &(Po) "%(9er P)1 py Table 7. Dielectric Parameter for the Component {&,(Po)~(de/
1 1 1 1 9P)tp}2, Adjustable Parameter C, and the Standard Deviation
a GPa TPa TPa Tha o(e:(Po)-2(3€//0P)1 p,) of the Fit by Equation 7
Water (1)+ Ethane-1,2-diol (2)
0.0000 36.80 469.4 451.2 5.99 {e(Po)2(deid | o(ex(Po)%(ded
0.2000 30.07 460.8 349.8 7.06 system OP)r et/ TPt C? 3P)1.p,)
0.4000 28.17 499.6 3335 8.86 water (1)+ ethane-1,2-diol (2) 14.06 —0.155 0.23
8-2888 gg-gg ggg-g gg‘l‘-g ig-g‘l‘ water (1)+ propane-1,2,3-triol (2) 1028  —0.141 0.19
1'0000 23'30 572'4 366'9 14.06 water (1)+ propane—l,Z—d!oI 2) 26.05 0.008 0.33
' ' ' ) ' water (1)+ propane-1,3-diol (2) 12.98 0.376 0.19
Water (1)+ Propane-1,2,3-triol (2) water (1)+ buane-1,2-diol (2) 38.70 0.214 0.32
0.2000 26.20 410.9 295.1 6.44 water (1)+ buane-1,3-diol (2) 19.19 0.723 0.17
0.4000 22.95 415.3 262.2 7.52 water (1)+ buane-1,4-diol (2) 16.16 0.800 0.33
0.6000 21.02 424.4 2495 8.57
g:gggg ig:gg jgg:? ggé:g lg'_g a A value of { &(Po)~%(de/0P)r g} 1 was taken as 5.99 TPhobtained in

the isothermal compressibility at 0.1 MRa,p,. Values ofict p,

this work, and theC value was determined by usifig:(Po) ~2(de/dP)t p} i
value for each componeit

at other several compositions are also available in the previous 1.5 I T
paper®

Figure 6 illustrates the composition dependenceddh(e,/ 1ok .
aP)t,p, and kT ,p, at 298.15 K for watert- ethane-1,2-diol and
water+ propane-1,2,3-triol because it has been suggested that 005k a
(@ In &/dP)rp, has a close relationship witkr s, For both
aqueous systems, the lq /9P)t p, values are larger than the ol i
kTR, Values over the entire composition range and a shallow
minimum in @ In €,/0P)r g, is found arounck; = 0.2. A shallow | |
minimum in k1 p, is also found for water+ ethane-1,2-diol 030 ’ 5

aroundx, = 0.4, whilexr g, value for watert+ propane-1,2,3-
triol show an abrupt decrease beloyv= 0.2 and decreases
gradually above the composition. As described in detail in the
previous work it has been clarified that a ratid (n /0P)r p/
kTR, Should be equal toap(Po)le(Pg) as far as density
dependence of,(P) is well-represented by eq 3. Although a

n

Figure 8. C values as a function afi in water (1) + alkanediol (2) at
298.15 K: ®, HOCH,—CH(OH)—(CHy)n,—H; B, HOCH,—(CHy),—CH,-
OH. The straight lines are obtained by a least-squares method.

componenti, and C is the adjustable parameter. Table 7

comparison between both values are not shown here, it can besummarizes values @ and standard deviation of fit(e(Po) >

easily confirmed that the relationship also holds in the present
water+ polyhydric systems.

Figure 7 depicts the composition dependence &) 2(de,/
dP)1 g, for the present and previous watemolyhydric alcohol
mixtures at 298.15 K. In any mixtures(Po) %(de/0P)t p,
increases wittx,. Composition dependence @fPo) 2(d/0P)t
is found to be well-correlated with the following equation:

a r
6r(Po)_z(%)T’P = (1 = X)y1 T X, + C(1 = X)%:(Y, — Y1)
’ (10)

Herey; is {e(Po) %(9e/0P)t py}i being e(Po)~2(de/0P)t p, for

(0e/9P)T,p,) by €q 10 for water polyhydric alcohol mixtures.

It is found that theC value for watert ethaner-1,2-diol is nearly
equal to that for watet- propane-1,2,3-triol. Figure 8 illustrates
plots of C value against the number of methylene groups in
alkanedioln for water + alkane-1,2-diol and for watef-
alkanediol whose OH groups exist at each terminal carbon atom.
There is an approximate linear relationship betw€eandn in
each water- alkanediol system, even though data pointsGor
are few. The slope obtained for the group of watealkane-
1,2-diol is half of that for the group of water alkanediol having
OH groups at each terminal carbon. Moreover,dfieo) ~2(de,/
dP)r p, values for water- ethaner-1,2-diol and watef propane-
1,2,3-triol are smaller than those for watérbutaneane-1,2-
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Figure 9. Comparison of the experimentd If ,/0P)7 p, values: @, water (1)+ ethane-1,2-diol (2)M, water (1)+ propane-1,2,3-triol (2)O, water (1)

+ propane-1,2-diol (2)0, water (1)+ propane-1,3-diol (2)a, water (1)+ butane-1,2-diol (2)v, water (1)+ butane-1,3-diol (2); right-facing open
triangle, water (1}t butane-1,4-diol (2) with the evaluatedlI( ,/0P)1p, curves by eqgs 11 and 12 at 298.15 K. The dotted and full curves are respectively
based on eq 11 and eq 12.

diol, + propane-1,2-diok+ butane-1,3-diol, and- butane-1,4- The following equation can be derived from a combination

diol over the whole composition range. The values for water  of eqs 1 and 10:

propane-1,3-diol are nearly equal to those for wétgropane-

1,2,3-triol. These results suggest that &h&Po) 2(de/P)t p, (a In er)
TP,

values strongly influence not only the relative position of the
OH groups and a size of alkyl substituent at terminal group but P
also the number of the OH group in polyhydric alcohols. N :

Composition Dependence 68 (n «/oP)r p,. Limited dielec- () AN (L = %Y1 + %Y, + C(1 = X)%(y, — Yo} (12)
tric parameters given in eqgs 7 to 9 are reported for binary water 1=
+ polar organic solvent systems as a functiorxpft 298.15 ) o -
K, so it is very important to find out a simple method to estimate AS described earlier in the present work, composition depen-
those values for watet organic solvent at any composition ~dence of e(Po) and /(Po)~*(de//oP)rp, is well-represented
by use of as little information as possible. Recently an attempt respectively by eq 1 and eq 10. Hence thé(e,/oP)r p, values
for estimating § In €/dP)r g, values for aqueous mixtures of ~Obtained by using eq 12 are expected to reproduce the
organic solvents was made by MarédsHe has used the expenme_nt_al ones over the whole composition range fairly well.
following equation to represent the composition dependence of Actually it is clear that the calculated values plotted as full

(@ In &/dP)1 g, for binary aqueous mixtures: curves in Figure 9 coincide satisfactorily with the experimental
results for aqueous mixtures of polyhydric alcohol. The
dlne, (1IN €/oP)rp. calculated § In /0P)r p, value atx, = 0.2 is, however, larger
P =1(1—x%y) — + than the experimental one at the same composition in many
TPy TP 1 water+ polyhydric alcohol systems. This is mainly caused by
[(a In er/ap)T‘PO} \ limited applicability of eq 10 at lower mole fraction range.
X\ —— |«1p (11) Composition dependence df Iy /dP)r p, is not simple, as
k1R, ) shown in Figure 9. Hence there is a limitation to correlatkn (
€/9P)t,p, With X2 by a polynomial equation of; as well as the
Here {(9 In &/dP)rpfiTrti means ¢ In &ldP)rpficrp, for equation by Marcus. In contrast, it is easy to represent
componenti (i = 1, 2). Equation 11 has no theoretical composition dependence @f(Po) X(de/dP)rp, by a simple

background and is only empirically proposed. Marcus has equation such as eq 10. For example, there is a possibility to
applied the equation to water 1-methyl-2-pyrrolidinone system estimate § In €/6P)r p, values for water- pentane-1,2-diol and
and described that the equation was approximately the case fokater-+ pentane-l,S-dioI over the composition range at 298.15
the system. To check its versatility, eq 11 is applied to the g by use of the estimate@ value from Figure 8, the,(Po) 2
foIIOV\_/ing water+ polyhydric_ alcohol mixtures: watef ethane- (3e/3P)r g, value for pentane-1,2-diol and pentane-1,5-diol, and
1,2-diol? + propane-1,2,3-tridi,+ propane-1,2-didi+ propane-  the coefficientsy in eq 1. In fact, sincey(Po) data as a function
1,3-diol? and + butane-1,2-diéf becausexrp, values are o y, s available for only water pentane-1,5-diéf and the
available at selected njple fractions for those mixtures. Values e(Po)2(3e:/8P)1 p, value for pentane-1,5-diol can be estimated
of k1, at any composition over the whole composition range from ,(Py) data for pentane-1,5-diol by a correlation equation
were interpolated by a cubic spline fit of experimental data. fo; monohydric and polyhydric alcohols given in the previous
Figure 9 shows a comparison of the estima@dh(e/oP)rr,  paper? e(Po)~(d€/9P)r g, values can be evaluated as a function
values from eq 11 as a functionxffor the aqueous polyhydric o composition using the estimat@ivalue: 0.391. However,

alcohol systems with the experimental results. In any mixture, ihere is no experimentad(P) data available for water-
the calculated curves show a minimum at lower mole fraction nentane-1,5-diol at present. It is impossible to confirm ap-

range of (0.1 to 0.3), and poor agreement between the calculatedy|icapility of eq 12.

and experimental values were found, as can be judged from

the magnitude ofdIn €/9P)tp, and its composition dependence. | jterature Cited
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