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of n-Butylamine by Means of Ultrasonic Absorption

Sadakatsu NisHikawA, Tetsuya Nakamoto, and Tatsuya YASUNAGA
Department of Chemistry, Faculty of Science, Hiroshima University, Higashisenda-machi, Hiroshima
(Received April 25, 1972)

Various mechanisms associated with the ultrasonic
absorptions in aqueous solutions of amines have pre-
viously been proposed.'® Some problems relating
to the elucidation of the mechanisms seem, however,
to be still in question. On the other hand, the clarifica-
tion of the dynamic properties of aqueous solutions of
amines may provide useful and fundamental informa-
tion on the kinetics and mechanisms associated with
the conformational changes of the protein molecules.

The purpose of the present investigation is to con-
firm the mechanism of the excess absorption in a
dilute aqueous solution of z-butylamine in detail by
measuring the ultrasonic absorption.

Experimental

The chemical used in the present experiment were of a
guaranteed reagent grade. The n-butylamine was purified

1) M. M. Emara, G. Atkinson, and E. Baumgartner, J. Phys.
Chem., 76, 334 (1972).

2) J.F. Mckellar and J. H. Andreae, Nature, 195, 865 (1962).

3) R. N. Baafield and W. G. Schneider, J. Chem. Phys., 31, 488
(1959).

by distillation, and its purity was confirmed by the gas-chro-
matographic method to be higher than 99.9%. The pH of
the solution was adjusted to the desired values using either
NaOH or HCIO,. The ultrasonic absorptions were measured
at the odd harmonic frequencies of 5 MHz and 20 MHz X-
cut quartz crystals by the pulse technique.) The frequency
range of the measurement was from 15 to 220 MHz. Since
the aqueous solution of amine is highly basic, the cell was
made air-tight, and nitrogen gas was passed over the solution
to prevent the contamination of specimens by the oxidation
with air. The sing-around method was employed at 1.92
MHz to measure the sound velocity. The pH values of the
solutions were measured by a Hitachi-Horiba F-5 type pH
meter. All the measurements were made at 20°C.

Results and Discussion

Figure 1 shows an example of the ultrasonic absorp-
tion spectra of aqueous solutions of n-butylamine. These

4) M. Eigen and L. de Maeyer, Technique of Organic Chemis-
try, Vol. VIII, part 2, A. Weissberger, Jr., Ed., John Wiley and
Sons, Inc., New York, N. Y., 1961.

5) N. Tatsumoto, J. Chem. Phys., 47, 4561 (1967).
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TaBLE 1. ULTRASONIC PARAMETERS AND DENSITIES FOR THE SOLUTION OF n-BUTYLAMINE AT 20°C
P ¢ 4 B Jr (oA ) max
M pH g cm™3 msec™! 107**dB  sec? cm™! MHz 1072 neper
0.0322 11.39 0.9966 1484.0 44.5 21.0 36+10 1.3
0.0978 11.73 0.9953 1489.2 65.0 22.0 5545 2.9
0.217 11.94 0.9936 1499.0 62.0 24.0 8247 3.8
0.283 12.05 0.9928 1504.6 57.5 25.0 904-7 3.9
0.401 12.13 0.9917 1516.5 59.0 23.5 105410 4.7
0.505 12.17 0.9909 1521.6 59.5 25.0 11510 5.2
0.537 12.25 0.9901 1524.3 63.0 23.0 1304-15 5.4
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Fig. 1. Ultrasonic absorption spectra in aqueous solutions Fig. 2. The plots of 27f, vs. y*[OH-] for aqueous solutions

of n-butylamine at 20°C. The arrows show the relaxation

frequencies:

P:0.505m, €@©:0.0978m, (O:0.0322Mm,

spectra can be represented by the formula of a single
relaxation as follows:

. _ A
A =T TR M)

where « is the absorption coefficient; f, the frequency;
f;» the relaxation frequency, and 4 and B, constants.
The values of these constants were determined so as
to obtain the best fit of the data to Eq. (1). The
ultrasonic parameters and densities thus obtained are
listed in Table 1. If these excess absorptions are due
to hydrolysis, the reaction scheme is given by the
following equation:

(2)

The reciprocal relaxation time is related to the rate
constants and concentrations as follows:

1/t = 2nf, = kJ[[R-NHy*]+ [OH]]IIy; + . (3)
where 7 is the relaxation time, k; and &, are the forward
and backward rate constants respectively, and y; is the
activity coefficient. If the activity coeflicients and con-
centrations of the R-NHj+ ion are equal to those of
the OH- ion at each concentration, Eq. (3) can be
rewritten as:

1/ = 2nf, = 2,3*[OH"] + &, 4)
The relationship between the ionic strengths and the

activity coeflicients of monoamine and OH- ions has
been given by almost the same curve.® Assuming

ke
R-NH,* + OH- = R-NH, + H,O.

b

6) J. Kielland, J. Amer. Chem. Soc., 59, 1675 (1937).

of n-butylamine at 20°C.

that the relationship also holds for n-butylamine, the
appropriate activity coeflicients can be obtained graphi-
cally.

Figure 2 shows the plot of 2zaf, vs. 3 [OH-]. The
linearity of the plot confirms that the mechanism of
excess absorption is associated with hydrolysis. The
forward and backward rate constants were calculated
from the slope and intercept respectively of the plots.
The standard volume change, AV, of the reaction can
be determined in the following manner. The excess
absorption per wavelength shows a maximum at the
J=/; frequency and can be written as:

(s = 5 Afe )
where (24)n.¢ is the maximum excess absorption per
wavelength, and ¢, the velocity of sound. For a
chemical process of the type represented by Eq. (2),
the maximum excess absorption per wavelength can be
represented by:

Lypnd?:

(@A) max = 5 T, (6)
where p is the density and where ' =[1/[OH-]+
1/[R-NH;*]+1/[R-NH,]]-*. In Table 2 the rate
constants and the mean standard volume change
associated with the hydrolysis of n-butylamine are
tabulated, together with the results for other amines

obtained by Eigen and his co-workers.%7.®)

7) G. Maass, ph. D. Theses, Uni. of Gottingen (1962).
8) M. Eigen, G. Maass, and G. Schwarz, Z. Phys. Chem., 74,
319 (1971).
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TABLE 2. RATE CONSTANTS AND STANDARD VOLUME CHANGE

k k av
System M sec™! sec-!  cm? mol™!
Ammonia 3.4x 10" 6.0x10° 26.8
Methylamine 3.7x10* 1.6x107 26.1
Ethylamine 3.2x10% 1.4x107 24.3
n-Propylamine 3.0x10% 1.2x107 24.0
. . . 1. .

n-Butylamine® (4 lxil 8107) ( lxji 88 7 32

a) This work

In addition, in order to confirm that the absorption
mechanism is due to the perturbation of the equili-
brium represented by Eq. (2), the ultrasonic absorp-
tions at a constant concentration of n-butylamine were
measured at various pH’s. The theoretical depend-
ences of (ad).x and f; on pH can be calculated from
Egs. (3) and (6) respectively. In Fig. 3, the calculated
variation of I, with the pH is shown, together with
the (ad)nax obtained; the value of the equilibrium
constant, K=k [k;, in the literature® was used to cal-
culate the concentration terms in Eqs. (3) and (6)
because large and serious errors usually occur in deter-
mining them from ultrasonic data. A reasonable de-
pendence of f, on pH was observed. This information
also provides confirmation that the perturbation of the
proton-transfer equilibrium is the origin of the excess
absorption.

As a result, the value of the rate constant, k¢, for
a diffusion-controlled reaction obtained in this study
agrees very closely with the results obtained experimen-
tally and theoretically for other compounds.47,8:10,11)
The value of k; obtained is, however, slightly different
from those for other amines obtained by Eigen and his
co-workers. 'This difference may be due to the fact that
they have employed an equation, 1/v=2ki/KCy+ks,
which is derived from Eq. (2) as an approximate form,
where Cy=[R-NH,]}[R-NH,*].

9) M. C. Cox, D. H. Everett, D. A. Landsman, and R. J. Munn,
J. Chem. Soc., B, 1968, 1373,
10) H. Inoue, J. Sci. Hiroshima Univ. Ser. A-11, 34, 17 (1970).
11) K. Applegate, L. J. Slutsky, and R. C. Parker, J. Amer. Chem.
Soc., 90, 6909 (1970).
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Fig. 3. The variation of (¢A)max and I'¢ with pH in 0.537m
n-butylamine. The solid line represents the predicted be-
havior of I';. The circles are the experimental points of
of (0tA)max-

As has been proposed by Eigen and his co-workers®)
the recombination process of the OH- ion with an acid
in an aqueous solution might not be as simple as that
described in Eq. (3). The process probably proceeds
through the complex state expressed by next equations:

kll
R-NH,* + OH- —= R-NH,* ... OH"
by

by
— R-NH, + H,0 (8)
where the complex state is formed by the hydrogen
bond. Therefore, the rate constants obtained should
be given by:
ke = kip, Ky = Eyy- %% 9)
Consequently, the value of k¢ depends on the collision
frequency of reactant partners, R-NHz+ and OH-. In
the case of relatively small molecules, as is shown in
Table 2, the values of k; are probably constant within
the limits of experimental error.






