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Abstract

We focused on the eutectics of water and a lower alcohol or polar solvent, and investigated the relationship between the
change in the solution structure and the melting peak of the eutectic in agueous solutions of ethanol, propanol or DMSO.
We found that the melting temperature and melting enthalpy of 0.05 alcohol molar fraction solutions were almost constant
regardless of ultrasonic treatment, while the melting enthalpy of 0.10 alcohol molar fraction solutions fell to 81% (ethanol) and
46% (1-propanol) of the pretreatment value. The melting enthalpy of the eutectic of a polar solvent and water may be reduced
by ultrasonic treatment in the liquid state. These results agree with the data’floNMR of water and the absorption peak
at 1150 nm for free water. These results show that water—polar solvent interaction can be detected by examining the melting

of a eutectic of a polar solvent and water using sensitive DSC.
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1. Introduction

Water and lower alcohols show characteristic prop-
erties due to the formation of hydrogen bonding
networks in solution. For example, methanol, ethanol
and propanol are completely miscible with water, and
it is impossible to remove the last traces of water
from these alcohols. The addition of alcohol to water

focused on the change in the cluster structure formed
by water and alcohol molecules as the composition of
the solution varies. We reported observations which
suggested such structural changes obtained using a
high-frequency dielectric techniq®0,11]. We found

that water—alcohol interaction was affected by ultra-
sonic treatment of a water-rich solution, by studying
near-infra-red (NIR) andH NMR spectra. It is known

decreases both the freezing and boiling points, and that a lower alcohol such as ethanol forms a eutectic

increases the vapor pressure and surface terj$jon

with water at lower temperatufé]. Dimethyl sulfox-

Recently, the structure of water—alcohol solutions over ide (DMSO) andN,N'-dimethylformamide (DMF),
the whole composition region has been extensively which are typical polar solvents, also form eutectics

studied by X-ray diffractiorj2], NMR [3], mass spec-
trometry[4,5], dielectric measuremen®,7] and ther-
modynamics calculation§8,9]. These studies have

* Corresponding author. Fax:81-463-58-9684.
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with water. We reported that the melting temperature
and enthalpy of a eutectic of NaCl and water was
influenced by the solution structure in dilute NaCl so-
lutions[12]. In this study, we focused on the eutectics
of water and lower alcohols or a polar solvent, and in-
vestigated the relationship between the change in the
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solution structure and the melting peak of the eutectic 1-propanol (b) with less than a 0.2 molar fraction of
in agueous solutions of ethanol, propanol or DMSO. alcohol. Both spectra show isosbestic points of a peak
assigned to + vz + v for hydrogen-bonded OH of
alcohol with water at around 1180 nm. These results
2. Experimental suggest that the concentration region lower than 0.2
molar fraction of alcohol can be divided into two
Dehydrated ethanol, dehydrated 1-propanol and regions of greater or less than about 0.08 molar frac-
dehydrated DMSO were purchased from Wako Pure tion. The former region is shown as region I, and the
Chemical Industries, and used without further pu- latter is region Il. Considering the number of water
rification. The purity of these reagents was at least molecules in contact with alcohol({is 15 for ethanol
99.5%. Water was purified with a Millipore Milli-Q  and 17 for 1-propandll3]), in region Il there are no
SP system. free water molecules in the solution. This is consistent
Measurements were made with an SIl DSC Exs- with the X-ray diffraction data of an ethanol-water
tar6000 DSC100, a JEOL NMR JNM EX400, and mixture. For all compositions, the degree of order (as
aJASCO NIR V570. Ultrasonic treatment was per- indicated by the intensity of the diffraction peak) is
formed using an automatic ultrasonic washer at 40, 80 higher than would be expected, with a pronounced
and 120 W. structuring occurring just below 0.1 molar fraction
DSC measurements were made on aqueous polar[14].
solvent solutions. The solution was sealed in a silver  Therefore, we investigated the effect of ultra-
metal container of 6 mmx 4 mm and weighed. The sonic treatment on aqueous solutions of ethanol and
sample was first cooled to 130K at 4 K/min and then 1-propanol with alcohol concentrations of 0.05 and
heated at 4 K/min. A sapphire was used as a reference.0.10 molar fractions.Table 1 shows the effect of
NIR measurements were made at room tempera- ultrasonic treatment on the melting peak of a eutec-
ture at a range 900-1300 nm. Pure water was usedtic of ethanol or 1-propanol and water. The melting
as a referencet’O NMR measurements were made temperature and melting enthalpy of 0.05 alcohol
at 303K operating at 54.10 MHz fot’O. Spectra molar fraction solutions were almost constant re-
were recorded with probe spinnintfO spectra were  gardless of ultrasonic treatment, while the melting
recorded at a natural abundance of #® isotope. enthalpy of 0.10 alcohol molar fraction solutions fell
D,0 was used as an external reference. to 81% (ethanol) and 46% (1-propanol) of the re-
spective pretreatment values. These results suggest
that the melting enthalpy of a eutectic of a polar
3. Results and discussion solvent and water is reduced by ultrasonic treatment
in the liquid state. If the solutions were stored for
Fig. 1 shows the melting curves for aqueous so- a long time, the melting enthalpy of the eutectic
lutions of ethanol (a) and 1-propanol (b) with less increased.
than a 0.2 molar fraction of alcohol. With less than
0.08 of ethanol, and more than 0.08 of 1-propanol Table 1
two endothermic peaks are observed, one at aroundggrect of ultrasonic treatment on the melting peak of a eutectic of
217K (1-propanol) or 170K (ethanol) and the other a solution of ethanol or 1-propanol and water (molar fraction of
at around 273 K. The former small peak is attributed alcohol, 0.05 and 0.1) (80 W, 10min)

to melting of the eutectic of alcohol and water and the ajcohol Before treatment/after treatment

latter main peak is due to the melting of ice. With less (molar fraction)

than a 0.06 molar fraction of 1-propanol, the main Melting Melting

peak is shifted to a higher temperature and a shoulder enthalpy (J/g) temperature (K)

peak appears. With more than a 0.08 molar fraction Ethanol (0.05) 11.9/11.9 203.5/203.4

of ethanol, a shoulder peak appears slightly above the Ethanol (0.10) 21.6/17.5 203.4/202.6
1-Propanol (0.05) 4.4/3.7 217.2/217.2

melting temperature of the eutectlgig. 2 shows the

. 1-Propanol (0.10 10.6/4.9 216.6/216.5
NIR spectra of aqueous solutions of ethanol (a) and P (0.10)
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Fig. 1. DSC melting curves for aqueous solutions of ethanol (a) and 1-propanol (b) molar fraction of alcohol: (1) 0.20, (2) 0.18, (3) 0.16, (4) 0.14, (5) 0.12, (6) 0.10, (7)
0.08, (8) 0.06, (9) 0.04 and (10) 0.02.




142 Y. Nishimoto, Y. Kaneki / Thermochimica Acta 399 (2003) 139-144

0.05 0.05
0.04 molar fraction of
alcohol : 0.20
L ]
0.02 =
=)
\ e o
e e
. Nl =S\
"] 0 — ———
a o e 7 T =
< < /‘,'// mola-r ——
002 fraction of
SOy alcohol :
577 0.02
-0.04 //
1R [ — — -0.05 ‘ ' '
800 900 1000 1100 1200 1300 1160 1170 1180 1190 1200
(a) Wavelength / nm Wavelength / nm
0.057 0.057
molar fraction of
0.04 alcohol : 0.20

0.02

-0.05 0f
molar fraction f
2 of alcohol : 0.02
< -0.02
-0.1
-0.04}/
-0.15 ! | | I | L | 1 -0.05 i i | L | I
800 900 1000 1100 1200 1300 1170 1180 1190 1200 1210

(b) Wavelength/nm Wavelength/nm

Fig. 2. NIR spectra of aqueous solutions of ethanol (a) and 1-propanol (b) molar fraction of alcohol: 0.02 to 0.20.

Next, we investigated théO NMR and NIR spectra  molar fraction was sharpened by ultrasonic treat-
of this system to obtain information on the individual ment, while the sharpness of the peak with a 0.05
mixture componentslable 2shows the data. THEO alcohol molar fraction was unaffected. In the case
resonance peak of water in solutions with a 0.1 alcohol of the solution less than 0.2 alcohol molar fraction,
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Table 2
Effect of ultrasonic treatment on tHO NMR and NIR data of a solution of ethanol or 1-propanol and water (molar fraction of alcohol,
0.05 and 0.1) (80 W, 10 min)

Alcohol (molar fraction) Before treatment/after treatment

170 NMR peak NIR peak intensity (Abs)

Half width (Hz) T2 (S) 960 nm 1150 nm
Ethanol (0.05) 113/108 2.8 x 1073/2.9 x 1073 —0.016/-0.016 —0.026/—-0.024
Ethanol (0.10) 147/109 2.2 107329 x 1073 —0.028/-0.027 —0.044/-0.041
1-Propanol (0.05) 115/110 28 107329 x 1073 —0.019/-0.018 —0.031/-0.028
1-Propanol (0.10) 147/140 22 107323 x 1073 —0.031/-0.029 —0.050/—0.044

the resonance peak of alcohol does not clear becausdhe case of a 0.05 alcohol molar fraction solution. On
of alcohol-water interaction. So we focused on the the other hand, in the case of 0.10 molar fraction solu-
resonance peak of water. The sharpness of the resotions, some alcohol molecules were not completely hy-
nance peak is related to the spin—spin relaxation time, drated (region I). Therefore, the solution structure was
T,. In Table 2,T, value of1’O was also shown. The changed by ultrasonic treatment and the proportion of
results show that water became more mobile with ul- free water increased. Our results showed that the melt-
trasonic treatment in the case of a 0.10 molar fraction ing enthalpy of the eutectic of water and alcohol corre-
solution because th& value of solution lengthened lated to the solution structure in the water-rich region.
by ultrasonic treatment in the case of a 0.1 molar frac- We investigated the effect of the strength and du-
tion solution compared to a 0.05 molar fraction solu- ration of ultrasonic treatment on 0.10 molar fraction
tion. The absorption peak at 960 nm was assigned to solutions.Table 3shows the effects of treatment pe-
2v1 + v3 for monomer water, and that at 1150 nm was riod and strength on the melting peaks of eutectics of
assigned to; +vy+v3 for free water. The results show  ethanol or 1-propanol and water. Under these condi-
that the proportion of free water or water monomer tions, treatment at 80 W had the greatest effect.
increased upon ultrasonic treatment in the case of 0.10 In addition to ethanol and 1-propanol, polar or-
molar fraction solutions. If the solution was kept for a ganic solvents that are completely miscible with water
long time, the solution structure gradually stabilized, were also investigated by DSC. The results showed
as in the aging of an ethanol-water mixture. The that 2-propanolN,N-dimethylformamide (DMF) and
water—alcohol interaction may have been weakened by dimethyl sulfoxide (DMSO) form eutectics with wa-
ultrasonic treatment and the extent of the weakening in ter. Among these, only that with DMSO was affected
1-propanol solution may have been greater than that in by ultrasonic treatmeniables 4 and Shows the re-
ethanol solution at a 0.10 molar fraction. The alcohol sults. The results were almost the same as those with
molecules in solution were completely hydrated by alcohol. These results indicate that water—polar solvent
water molecules in region Il. Therefore, the solution interaction could be detected by melting of a eutectic
structure was not changed by ultrasonic treatment in of a polar solvent and water using sensitive DSC.

Table 3
Effect of the duration and strength of ultrasonic treatment on the melting peak of a eutectic of water and a polar solvent (molar fraction
of polar solvent—0.1) (melting enthalpy (J/g)/temperature (K))

10min 1-Propanol Ethanol 80w 1-Propanol Ethanol
40w 7.7/1216.5 20.9/202.8 0 min 11.0/216.8 21.6/204.6
80W 4.9/216.8 18.0/202.6 1min 4.8/216.9 17.8/204.2

120w 5.1/216.4 20.2/203.0 10min 4.9/216.9 18.2/202.8
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Table 4

Effect of ultrasonic treatment on the melting peak of a eutectic of
a solution of DMSO and water (molar fraction of DMSO, 0.05
and 0.1) (80 W, 10 min)

DMSO Before treatment/after treatment
(molar fraction) - -
Melting Melting
enthalpy (J/g) temperature (K)
0.05 13.7/11.6 212.5/212.2
0.10 42.2/33.0 213.6/213.4
Table 5

Effect of ultrasonic treatment on tHéO NMR data of a solution
of DMSO and water (molar fraction of DMSO, 0.05 and 0.1)
(80 W, 10 min)

DMSO
(molar fraction)

Before treatment/after treatment

Half width Ty (S)

(Hz)
0.05 95/95 3.4x 10°3/3.4 x 1073
0.10 113/107 2.8x 1073/3.0 x 1073
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