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Thermodynamic Properties of Binary Mixtures Containing
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A number of fluorinated organic compounds has been synthesized and utilized as the
alternative solvent to the chlorofluorocarbons. In order to discuss the solvent performance of
hydrofluoroether (HFE) and trifluoroethanol (TFE) in aspect of the thermodynamic properties,
excess molar enthalpies (Hn) and volumes (Vn%) have been determined for binary mixtures
containing them at 298.15 K using a home-made twin conduction type of flow microcalorimater
equipped with a pair of precision cylinder pumps and Anton-Paar vibrating tube densimeter.
The first component liquid of HFE-356mec (CF;CHFCF.OCH3), HFE-347pc-f (CHF,CF,OCH,CF3)
and HFE-449 (C4F9OCHj3) and TFE, and the second component liquid of several different types
of organic solvents were distilled with Im packed column.

The HyE and VP results for the binary mixtures containing HFE were in positive, except
for the Hynt of HFE + MEK system. Hn® value for the TFE + water system showed endothermic
mixing, except for the low TFE concentration range. On the other hand, Vn® values for this
system were negative over the whole range of concentration. Hnt values for all the TFE + alcohol
systems were exothermic and Vn,E values of these systems were in positive over the whole
range of concentration. Excess partial molar enthalpy (Hm;©*) and volume (Vn;%*) at infinite
dilution were also estimated. These results were discussed qualitatively from the viewpoint of
the difference in intermolecular interactions between the pure component liquids and the mixtures.
HFE and TFE are expected to be a good solvent especially for the polar solvent materials in

the cleaning technology of electronic industries.

Keywords: Hydrofluoroether; Nonafluorobutylmethylether; 2,2,2-Trifluoroetanol;
Excess molar enthalpy; Excess molar volume
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Fig.1 HuE and V. for the (HFE-347pc-f +several kinds
solvent) systems at 7=298.15 K: @, (HFE-347pc-
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347pe-f + CoHsOH); A, (HFE-347pe-f + C3H;0H);
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Fig.2 H,." and V" for the (HFE-356mec + several kinds
solvent) systems at 7=298.15 K: @, (HFE-
356mec + CeHg); O, (HFE-356mec +CsHis); A,
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C3;H;0H); B, (HFE-356mec + CH3COCH,CH3).
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Fig.3 Hn® and Vi for the (HFE-449 +C4HoOCHj3)
system at 7=298.15 K.
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Fig.4 H." and V.F for the (HFE-449 +several kinds solvent) systems at 7=298.15 K.

Table 1 Maximum values of Hy," and Vi,* on the HFE-449 systems and BME systems.

HFE-449 systems

BME systems (Literature values)''!?

Second components

ne H,F(max) VimF(max) HF(max) VmF(max)
Jmol ! cm? mol ! Jmol ! cm? mol ~!

n-Pentane 5 1392.3 2.77
n-Hexane 6 1760.0'”
n-Heptane 7 1820.3 3.24 307.0 0.35
n-Ocatane 8 1909.3'9
n-Nonane 9 1745.8 2.89
n-Decane 10 phase separation 382.4 0.30
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Table 2 Maximum and minimum values of H," and Vy,* on the HFE-449 systems and HFE-356mec system.

HFE-449 systems

HFE-356 systems

Second components ne HiF(max) VimE(max) HyE(min) VimE(max)
Jmol ! cm?® mol ! Jmol ! cm?® mol !
2-Propanone 3 774.1 1.50
2-Butanone 4 715.0 1.50 —1083.7 1.80
2-Pentanone 5 739.0 1.52
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Fig.5 Dependence of Hy%(max), VinF(max) on the number of carbon atom nc contained in the second component

molecule. @, A, W, Experimental values; O, Literature values.
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