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Abstract

Densities (p) and relative permittivities (¢) of numerous binary mixtures of 2-methoxyethanol (ME)
(1)+diethylamine (DEA) (2) at four temperatures and 2-methoxyethanol (1)+triethylamine (TEA) (2)
at five temperatures, between (291.15 and 313.15) K, are reported. These results are used to calculate
excess molar volumes, and deviations in the relative permittivities. The results are fitted to the
Redlich—Kister polynomial equation to estimate the binary coefficients and standard errors. Further-
more, the experimental results are used to disclose the nature of binary interactions in the bulk of stud-
ied the binary mixtures.

Keywords: diethylamine, intermolecular interactions, 2-methoxyethanol, physicochemical proper-
ties, triethylamine

Introduction

Systematic studies on intermolecular interactions and the internal structures of uni-
form binary liquid mixtures are still continued to be an area of interest in physical
chemistry. Regarding structural studies, a review of the relevant literature shows that
for the analysis of this type of effect in liquid solvent mixtures, it is possible to apply
a wide range of spectral methods, thermochemical methods, as well as studies on the
intensive macroscopic properties of solutions (such as relative permittivity, density,
viscosity, etc.) carried out at different temperatures [1-2].

As a part of our experimental program on the measurements of physicochemical
properties of binary liquid mixtures, we present here the densities and relative
permittivities for the 2-methoxyethanol+diethylamine, at (291.15, 293.15, 298.15
and 303.15 K), and 2-methoxyethanol+triethylamine, at (293.15, 298.15, 303.15,
308.15 and 313.15 K), over the entire whole mole fraction ranges. We calculated the
excess molar volumes, which were fitted to the Redlich—Kister equation [3].
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Experimental section

Materials

2-methoxyethanol (ME), diethylamine (DEA) and triethylamine (TEA) Merck, pro-
analysis, containing less than 0.05% (mass/mass) of water, respectively (determined by
Karl-Fischer method), were used. 2-methoxyethanol, diethylamine and triethylamine
were further purified by the methods reported by Piekarski and Tkaczyk [7] and Riddick
et al. [8]. The densities and relative permittivities for the pure solvents, at 298.15 K, were
in a good agreement with the literature values (Table 1). The mixtures were prepared by
weighing with an accuracy +1-10* g. The conversions to molar quantities were based on
the relative atomic mass table (1985), issued by IUPAC in 1986. The uncertainty in the
mole fractions is less than 1-10™*. All the liquids were stored in a dry-box over P,Os, and
were degassed by ultrasounds just before the experiments.

Table 1 Reference density and relative permittivity values for pure 2-methoxyethanol,
diethylamine and triethylamine, at 298.15 K

p/gem” €
Solvent
this work lit. this work lit.
2-methoxyethanol 0.96029 0.960288 [9] 16.96 16.94 1]
Diethylamine 0.69895 0.69978 [10] (at 2:;'33?4 K) (a3'2899341[58]K)
2.46 2.423 [8
Triethylamine 0.72485 0.72226 [11] (at 293.15 K) (at 293.1[5 ]K)
Measurements

Solvent densities were measured with a bicapillary type Lipkin pycnometer, with a
capacity of ca. 90 cm’. Redistilled, deionized and degassed water with a specific con-
ductance of 1-10”7 Q™' cm ™' was used for the calibration. The maximum error in the
density measurements was 4-10° g cm .

The relative permittivity measurements were carried out at 3 MHz, using a bridge of
the OH-301 type (Radelkis, Hungary). The thermostatic stainless steel measuring cell
was of the C3 (1<e<25) type. The cell was calibrated with standard pure liquids, such as
acetone, butan-1-ol and dichloromethane. All these solvents were of a spectrograde qual-
ity or higher. The relative permittivities for the standards were found in the literature
[1, 8]. The uncertainty in the relative permittivity measurements was +0.02.

In all measurements of the physical properties, a Haake model DC-30 thermo-
stat was used at a constant digital temperature control of £0.01 K.
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Results and discussion

The experimental data of densities (p) and relative permittivities (¢) obtained from
the measurements for the pure solvents and the analysed binary mixtures, at all the
temperatures studied, are summarized in Tables 2 and 3.

From the measured densities the excess values of molar volumes 7* of the mix-
tures, at each the temperature investigated, were fitted to the equation:

VE=x,M (p"' —p," )+x,M,(p"' —p;") 1)

where M, and M, are the molar masses of the pure components and p;, p, and p are
the densities of the pure species (1 and 2), and those of the mixtures at different tem-
peratures, respectively. The denotion 1 always corresponds to 2-methoxyethanol.

The deviation of the relative permittivity from a mole fraction average was cal-
culated by:

Ae=e—(x; €1tx;2 &) (2)

where €1, €, and € are the relative permittivities of the pure species (1 and 2), and that
of the mixtures at different temperatures, respectively.

The excess volumes and deviations from the relative permittivities were fitted
by a Redlich—Kister type equation:

k )
Vijem® mol™ or  Ae=x, (I-x,)} a; (2x,~1)’ (3)
i=0

The parameters a; of Eq. (3) were evaluated by the least-squares method. The
values of these parameters, at each temperature studied, with standard deviations
o(V*) and 6(Ae), are summarized in Tables 4—6.

The standard deviation values were obtained from

o= |: Z(Xexptl _Xcalcd :| (4)

N-p

where N is the number of experimental points, p is the number of parameters, Xeyp
and X.,cq are the experimental and calculated properties, respectively.

The variations of J* and Ae vs. the mole fraction of 2-methoxyethanol (x,) at
298.15 K are presented in Figs 1-2, respectively. Figure 1 shows that the excess molar
volumes are negative for all the investigated systems, with a minimum positioned always
nearly x; =0.5 for ME-DEA, and nearly x,~0.6 for ME-TEA binary mixtures. The mag-
nitude of the volume concentration follows the sequence: diethylamine>triethylamine.
Moreover, the excess volumes were found to increase with the increasing temperature
(Tables 4 and 5). The volumes concentrations are possibly influenced by two effects. The
negative values of 7" over the all mole fraction may be attributed mainly to the associa-
tion through intermolecular hydrogen bonds between the —OH groups in 2-methoxy-
ethanol and the nitrogen atoms in the two amines. Another effect, which would give a
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Fig. 1 Plot of /¥ as a function of composition for ® — 2-methoxyethanol+diethylamine
and m — 2-methoxyethanol+triethylamine, at 298.15 K
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Fig. 2 Plot of Ae as a function of composition for ® — 2-methoxyethanol+diethylamine
and m — 2-methoxyethanol+triethylamine, at 298.15 K

negative contribution to the excess volumes, is the difference in molecular sizes between
the two components in the binary mixtures (this is a geometrical effect). As these differ-
ences increase, the more negative would be the contribution to ", In the mixtures stud-
ied the ME, DEA and TEA molecules have different molar volumes as pure species:

VE(ME)=79.242 cm’ mol '<VV*(DEA)=207.601 cm’ mol
<VYTEA)=288.531 cm® mol '

therefore this effect should be significant and of great importance. The difference in
the free volumes between 2-methoxyethanol and the two amines would facilitate the
penetration of one component (ME) into the others (amines). The discussed effect is
confirmed by the obtained in the present paper courses of the changes of V" values
(Fig. 1, Tables 4 and 5).
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Table 4 Parameters g; in Eq. (3), and standard deviations o(VF) and o(Ae) for 2-methoxy-

ethanol+diethylamine
ap ay a) as (e}
T=291.15K
VE/em® mol™ —7.4492 0.8958 0.2025 -0.0917 0.001
Ag -6.3991 1.8115 1.0291 -0.1307 0.006
T=293.15K
V&em® mol™ —7.2811 1.0164 0.6150 -0.1802 0.001
Ag —6.3228 1.7141 1.5692 0.0099 0.005
7T=298.15K
VEem® mol™ ~7.2728 1.0241 0.7244 -0.2082 0.001
Ag ~5.8620 1.8317 2.3502 ~0.3679 0.008
7T=303.15K
V&em® mol™ —7.2434 1.0427 0.7917 —0.2394 0.001
Ag -5.6217 1.5635 3.4250 -0.3937 0.009

Table S Parameters ¢; in Eq. (3), and standard deviations o(V'F) for 2-methoxyethanol+ triethylamine

T/K a a a, a; o/VE
293.15 —6.6939 —0.8620 —0.4837 0.6505 0.003
298.15 —6.6643 —0.8395 —0.1385 0.4140 0.003
303.15 —6.5995 —0.7545 —-0.0215 0.3994 0.003
308.15 —6.5842 -0.6938 0.2183 0.2268 0.003
313.15 —6.4549 —-1.0344 0.4232 0.3193 0.003

Figure 2 shows that the relative permittivity deviations are also negative for each
binary system, with a minimum lying always nearly x,~0.5 for ME-DEA, and nearly
x1~0.6 for ME-TEA binary mixtures. As evidenced from the calculations, the relative
permittivity deviations decrease with an increase in the temperature (Tables 4 and 6).

Table 6 Parameters ¢; in Eq. (3), and standard deviations 6(Ag) for 2-methoxyethanol+ triethylamine

T/K a a; a az ay o/Ae
291.15 -15.7521 -11.1207 0.0308 9.1513 12.6904 0.013
293.15 —-15.4970 —-11.0709 —0.9135 9.0353 14.4711 0.014
298.15 -14.9741 -10.4708 -1.7772 7.9608 15.5811 0.014
303.15 —14.6518 —-10.5163 —2.2438 8.0755 16.9300 0.014
308.15 —14.4155 -10.1239 -1.7217 7.2722 16.8851 0.014
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As suggested by other authors [4—6], the study of this extrathermodynamic pa-
rameter for binary liquid systems represents a unique tool for investigating the forma-
tion of intermolecular complexes, and provides a valuable aid for determining their
stoichiometry and their relative thermostability. The position of the relative minima
in the plots of Ag vs. x|, could be taken as the true composition of these intermolecular
complexes.

Conclusions

The results obtained in this work seem to indicate that the respective stable inter-
molecular complexes of the ME-DEA or 3SME-2TEA types would be formed in the
studied binary mixtures of 2-methoxyethanol+diethylamine or 2-methoxy-
ethanol+triethylamine.
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