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Synopsis. Ultrasonic absorption measurements in
an aqueous solution of isopropyl alcohol were made in the
frequency range from 5 to 220 MHz and in the concentration
range from 3 to 10 M. The excess absorption which is
characteristic of a single relaxation process was observed.
The mechanism of the excess absorption was interpreted in
terms of a reaction expressed by AB=2A+B, where A and B
are monomeric molecules of alcohol and water respectively.
The rate constants for forward and backward reactions were
determined from the concentration dependences of the relaxa-
tion frequencies. The results obtained were compared with
those of aqueous solutions of other alcohols which had already
been published.

The structural properties of aqueous solutions of
various alcohols have been studied in relation to bio-
logical reaction mechanisms. The ultrasonic studies
have been also applied to the investigations of the dy-
namical properties of aqueous solutions of alcohols.!—3)
The present authors have previously reported the
results of the ultrasonic absorption measurements in
aqueous solutions of propyl, ¢-butyl, and allyl alcohols,
and they have interpreted the excess absorptions from
the point of view of reaction kinetics.»% In this paper,
we will report the results of the ultrasonic absorption
measurements in an aqueous solution of isopropyl
alcohol; the results will be compared with those of other
alcohols.

Experimental

The isopropyl alcohol was a reagent-grade commercial
product and was distilled once. No impurity was observed
by gas-chromatography. The water used in the experiments
was doubly distilled. The sample solutions were made at the
desired concentrations by weight. The concentration range
of the experiments was from 3.00 to 10.01 M. The apparatus
for the ultrasonic absorption and velocity measurements have
been previously described in detail.%#® The frequency range
of the ultrasonic absorption measurements was from 5 to 220
MHz, while the sound velocity was measured at 1.92 MHz
by a sing-around technique. All the measurements were
made at 25 °C.

Results andl Discussion

Figure 1 shows the representative ultrasonic absorp-
tion spectra in an aqueous solution of isopropyl alcohol.
All the spectra in the solution can be described by the
following expression of a single relaxation in the frequ-
ency range measured. o

alf* = Aj[1+(fIf,)*] + B (1)
where « is the absorption coefficient; f; the frequency;

Jfr the relaxation frequency, and 4 and B, constants.
The relaxation parameters were determined by the
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Fig. 1. Ultrasonic absorption spectrain an aqueous solution
of isopropyl alcohol at 25 °C.
®; 4.00M, O; 5.50M @; 7.00M

TaBLE 1. RELAXATION PARAMETERS, SOUND VELOCITIES
AND DENSITIES IN AQUEOUS SOLUTION OF
ISOPROPYL ALCOHOL

Ca o ¢ f;- B
(M) (gml-1) (ms-!) (MHz) (10-1752cm-1)
3.00 0.9718 1597 100 25.7 38.8
4.00 0.9620 1595 90 144 73.7
4.50 0.9570 1578 92 279 92.1
5.00 0.9500 1558 85 275 170
5.50 0.9428 1532 80 318 177
6.00 0.9324 1501 85 299 168
6.50 0.9310 1481 95 274 170
7.00 0.9146 1465 100 260 - 145
8.00 0.8995 1409 110 197 137

10.01 0.8551 1315 145 59.9 119

usual procedure.® In Table 1, the obtained values of
ultrasonic parameters are listed together with the sound
velocities and densities.

The sound absorption in aqueous solutions of propyl
and ¢-butyl alcohols features a characteristic double
relaxation; the mechanisms were interpreted in terms
of the solute-solvent interaction and the molecular
aggregation of alcohol by hydrophobic interaction.
While, the excess absorption in an aqueous solution of
allyl alcohol was expressed by a single relaxation proc-
ess, and the mechanism was attributed to the solute-
solvent interaction, as in a previous study.? Therefore,
the cause of the ultrasonic absorption in an aqueous
solution of isopropyl alcohol may be expected to be
associated with the solute-solvent interaction, because
the region of the relaxation frequency is roughly the
same as that of allyl alcohol. The model for the relaxa-
tion process is as follows;

AB :'z' A+B 2)
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where A and B are the molecules of alcohol and water
respectively, and £;;, the rate constant. The relations
for the relaxation frequency and the maximum excess
absorption per wavelength are;

2nf, = 1/t = ky (Ca+C3) + ky2 (3
Hmax = Af,.C/2
= mpc®/[VRT(1/C,+1/Cy+1/C3—1/Cy)]
X (AV—asAH]pC3)" )

All the symbols in these equations are defined as in the
previous paper. Equation 3 can be rewritten as:

2afy = 1/t = knv/ (G, —BCa + K1) +4BC K1 (5)
where K, is the equilibrium constant and C, and C,,
are the analytical concentrations of alcohol and water
respectively. The parameter, §, is the mole fraction of
the water monomer. The introduction of § into the
interpretation of the excess absorption means that only
the monomer of the water molecule can participate in
the reaction expressed by Eq. 2. The values of kjy,
B and K, were determined so as to obtain a best fit of
the data to Eq. 5. Here, the fact that the relaxation
frequencies went through a minimum at the concen-
tration of C;=5.50 M was also used to estimate the
parameters. The kinetic parameters obtained are
listed in Table 2, along with those of aqueous solutions

TABLE 2. THE REACTION PARAMETERS AND THE STABILITY OF
WATER STRUCTURE IN AQUEOUS SOLUTIONS OF ALCOHOLS

k k. o k3a®
Solute h  ofsy sy @y P
t-Butyl alcohol 1.2x10%  7.2x10" 5.5%x10% 4.9%x107 0.12
Propyl alcohol 1.6x108 6.2x107 - 2.2x10% 6.9x107 0.15
Isopropyl alcohol® 1.4x108  8.8x107 — — 0.17
Allyl alcohol 1.5x10®  6.3x107 — — 0.19

a) The rate constants, k,; and, k;,, are for the aggregation reaction

by hydrophobic interaction.  b) This work.

of other alcohols. The concentration dependence of
the relaxation frequency calculated with these values
and Eq. 5 is shown in Fig. 2 by a solid line; the circles
indicate the experimental values. In order to confirm
the excess absorption mechanism, it is appropriate to
inspect the concentration dependence of the maximum
excess absorption per wavelength, #,,,,. From Eq. 4,
Hmax May be expected to be approximately proportional
to pc?(1/Cy+1/Cy+1/C3—1/Cr)-1. In Fig. 3, the con-
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Fig. 2. Concentration dependence of the relaxation
frequency in an aqueous solution of isopropyl alcohol.
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Fig. 3. The variations of u,,, and pc?(1/Cy+1/C,+
1/C;—1/Cy)~' with the concentration of isopropyl
alcohol.

centration dependence of the maximum excess absorp-
tion per wavelength is shown, together with that of the
calculated values of pcy(1/Cy+1/Cy+1/C3—1/Cr)~2.
As may be seen in this figure, the tendency of the con-
centration dependence of the maximum excess absorp-
tion per wavelength is similar to that of the calculated
curve (solid line). This confirms that the excess ab-
sorption mechanism in an aqueous solution of isopropyl
alcohol may be attributed to the perturbation of the
equilibrium expressed by Eq. 2.

The dependencies of the forward and backward rate
constants for the AB=A-+4B reaction on the solute
molecules (see Table 2) are not remarkable. This may
indicate that the complex formed by alcohol and water
is due to a hydrogen bonding. However, the § para-
meter, which indicates the stability of the water struc-
ture, varies considerably depending on the solute
molecules. When the strength of the hydrophobic
interaction increases,” the § parameter decreases. In
aqueous solutions of propyl and -butyl alcohols, anoth-
er excess absorption in the lower frequency range was
observed; this mechanism was associated with the aggre-
gation reaction of alcohol by hydrophobic interaction.®)
The strength of the hydrophobic interaction of isopropyl
and allyl alcohols, however, is not so strong enough
that these alcohols do not aggregate in aqueous solu-
tions by hydrophobic interaction, and only a single
relaxational absorption is observed in the frequency
range measured
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