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Ultrasonic absorption coefficients were measured for butylamine in heavy water (D,0) in the frequency range from
0.8 to 220 MHz and at concentrations from 0.0278 to 2.5170 mol dm ™ at 25 °C; two kinds of relaxation processes were
observed. One was found in relatively dilute solutions (up to 0.5 mol dm™>), which was attributed to the hydrolysis of
butylamine. In order to compare the results, absorption measurements were also carried out in light water (H>O). The
rate and thermodynamic parameters were determined from the concentration dependence of the relaxation frequency and
the maximum absorption per wavelength. The isotope effects on the diffusion-controlled reaction were estimated and the
stability of the intermediate of the hydrolysis was considered while comparing it with the results for propylamine in H,O
and D,0. Another relaxation process was observed at concentrations greater than 1 mol dm ™ in D,0. In order to examine
the solution characteristics, proton NMR measurements for butylamine were also carried out in D,0O. The chemical shifts
for the y- and & -proton in butylamine molecule indicate the existence of an aggregate. From profiles of the concentration
dependence of the relaxation frequency and the maximum absorption per wavelength of sound absorption, the source of
the relaxation was attributed to an association—dissociation reaction, perhaps, associated with a hydrophobic interaction.
The aggregation number, the forward and reverse rate constants and the standard volume change of the reaction were
determined. It was concluded from a comparison with the results in H>O that the hydrophobic interaction of butylamine in
D, O is stronger than that in H,O. Also, the isotope effect on this reaction was interpreted in terms of the solvent structure.
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An ultrasonic absorption method has been widely utilized
to investigate fast reaction kinetics.'— Especially, a recent
development of the apparatus over a wide frequency range
(from 0.8 to 220 MHz in our case) is helping us to extend
the observable time range and to examine various reactions.
On the other hand, an isotope effect has been known to be
very useful to elucidate the reaction mechanism, and has
been used to study the static and slow dynamic behaviors
in solutions. However, it has not so far been utilized for
examinations in fast reaction Kinetics in solutions.* Light
water (H,O) and heavy water (D,0) are extremely closely
matched in many properties, except for the most sensitive
ones, i.e. the surface tension, the dielectric constant, etc.’
In addition, the higher viscosity, higher heat capacity and
higher temperature of the maximum density for D,O reflect
that D,0O is more structured than H,O. However, it seems
to be difficult to predict straightforwardly the change in the
reaction rate when going from H, O to D, O, because a number
of competitive processes involved proceed too quickly.

In recent years, the role of solvents in reaction kinetics has
been paid much attention because the rates of various reac-
tions are strongly dependent on the reactant environments.
This is striking when the solvent molecules themselves par-
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ticipate in the reaction. One representative example is the
hydrolysis of amines (diffusion-controlled reaction) in water,
which has been directly observed by an ultrasonic relaxation
method.2*$~10 Also, aggregates are formed when the hy-
drophobicity of the molecule increases; the association—dis-
sociation reaction is detected by the same method.” The
proton-transfer and association—dissociation reactions for
butylamine in H,O were studied previously by the present
authors.®~1% A recent study'' concerning the proton-transfer
reaction of propylamine in D,0O has proved that a diffusion-
controlled reaction rate is facilitated and the intermediate of
the hydrolysis is stabilized when D,0O is used as a solvent.
It is now necessary to clarify the isotope effect on the fast
proton-transfer and aggregation reactions of other amines in
order to see how much the isotope effect appears when the
reactant molecular size is different. For this purpose, we
have chosen butylamine as a solute, and ultrasonic studies
have been carried out in detail. Also, a proton NMR method
has been used to ascertain the existence of a butylamine ag-
gregate. Understanding these kinds of reactions of amines is
very helpful to reveal similar phenomena occurring in bio-
logical systems.

Experimental

Chemicals. Butylamine was the purest grade from Wako
Pure Chemicals Co., Ltd. and was used without further purification.
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Sodium 4,4-dimethyl-4-silapentane- 1-sulfonate (DSS) and heavy
water from the same Co., Ltd. were guaranteed to be more than
99 and 99.75%, respectively. Light water was distilled, deionized
and filtered through a MilliQ SP-TOC filter System from Japan
Millipore Ltd. The sample solutions were prepared one day before
measurements, and were kept in a N, gas atmosphere. The desired
concentrations of the samples were determined by weighing.

Measurements.  Ultrasonic absorption coefficient measure-
ments were performed by a pulse method over the frequency range
from 15 to 220 MHz using 5 and 20 MHz fundamental X-cut quartz
crystals to obtain the absolute values of the coefficient. A reso-
nance method was used in the low frequency range from 0.8 to 7
MHz. The details concerning these apparatuses were previously
described.'>!® The sound velocity was measured by the resonator at
around 3 MHz. Densities were achieved using a vibrating density
meter (DMA 60/602, Anton Paar). The solution pH was measured
by inserting a glass electrode (HM-60S Toa Denpa) into the ultra-
sonic absorption cell while the measurements were proceeding. A
water bath (EYELA UNI ACE BATH NCB-2200) and circulating
water (LAUDA, RM20) were utilized to keep the temperature at 25
°C.

Determinations of the NMR spectra were made with a JEOL
JNM-GX-270 spectrometer, operating at 270 MHz using Fourier-
transfer techniques. The chemical shifts were determined using
DSS dissolved in D,O as an internal standard.

Results and Discussion

The amino-hydrogen atoms of butylamine are exchanged
with deuterium spontaneously when D,O is used as a
solvent.” The deuterated butylamine is represented as R-
ND;.

Figure 1 shows the frequency dependence of the ultra-
sonic absorption coefficients divided by the square of the
frequency, a/f?, for butylamine in D,O. The experimen-
tal absorption data have been analyzed by the Debye-type
relaxational equation,

a/f* =3 AL+ /f)1+B, (1)

where f,; and A; are the relaxation frequency and the am-
plitude of the ultrasonic absorption for the i-th process,
respectively, and B is the background absorption. All of
the ultrasonic parameters (f;, A;, and B) which are listed in
Table 1, have been determined by a nonlinear least-mean-
squares method. The solid curves shown in Fig. 1 are the
calculated values using Eq. 1 with the help of such deter-
mined parameters. It is clearly shown in this figure that
the excess absorptions observed in relatively dilute solutions
(below 1 mol dm~3) are well characterized by a single relax-
ational equation, i = 1 in Eq. 1. Along with an increase in the
concentration (from 1 to 1.3 mol dm~3), the data do not obey
the single relaxational equation, but they fit to relaxation
curves with two relaxation frequencies, i =2 in Eq. 1. Along
with further increase in the concentration, it happens again
that the data can be well described by the single relaxational
equation. The details concerning the analytical and distinc-
tive procedures for the single or double relaxational spectra
have been described elsewhere.'>'S These results mean that
there exist at least two different relaxational processes in our
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Fig. 1. The representative ultrasonic absorption spectra for

butylamine in D,O at 25 °C. O: 0.5270 moldm™; H:
1.2028 moldm™>; A: 1.5209 mol dm™>. The arrows indi-
cate the relaxation frequencies.

frequency range. A similar phenomenon for butylamine and
pentylamine has also been found in H,O.7%1°

First, let us consider the relaxation process which takes
place in relatively dilute solutions in which the concentration
of butylamine is less than 1 moldm 3. In order to compare
the results with those in light water, absorption measurements
for butylamine in H,O were carried out under the same con-
ditions. These ultrasonic parameters are indicated by f;; and
A; in Table 1. The profiles of the ultrasonic parameters are
quite similar to each other in both solvents, D,O and H;O, as
the results show in Table 1. That is, the relaxation frequency
increases monotonically and the amplitude of the relaxation
tends to reach a plateau with the concentration. Also, the
absorption is very sensitively dependent on the solution pH.
In such butylamine solutions, the absorption mechanism is
considered to be related to a hydrolysis of amine proposed
originally by Eigen,'® expressed as

k12 i
R-NL} +OL™ —=R-NL}---OL™ &=——=R-NL; +L,0, (2)
I k3p

where L represents H or D, and k;; is the rate constant at
individual steps. In this situation, the relationship between
the relaxation frequency and the reactant concentration is
given by*®

‘[1_1 = 23‘[ﬁ1 = k12 ‘J/Z([R—NL;] + [OL_]) +k21 = 2klZ VZ[OL—] +k217
3

where 7; is the relaxation time. Then, the rate constants, &,
and k1, can be determined from the slope and the intercept
of plots of 271f,; vs. y?[OL~] when the hydroxide or deuter-
oxide concentration is available. The coupling effect with
other reactions is considered later, because this is usually
taken into account in a treatment of the chemical relaxation
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Table 1. Ultrasonic Parameters for Butylamine in D,O and in H,O at 25 °C
Co pH frl fr2 A[ A2 B v 14
moldm ™ MHz 107" ¢?m™! ms™!  kgdm™?
Butylamine in D,O
2.5170 12.98 — 105+9 — 705+£25 32+18 1455 1.0405
2.0046 12.92 — 73+£3 ~— 917+30 64+9 1461 1.0549
1.8009 12.87 — 5243 — 1131452 79+7 1465 1.0591
1.5209 12.83 — 43+£1 — 1346+28 68+4 1470 1.0705
1.3488 12.82 127429 2942 224440  1186+44 10£15 1475 1.0716
1.2028 12.80  202+134 31+£8 99+31 713144 5+40 1476 1.0777
1.0193 12.78 5343 166 338447 148445 35+1 1470 1.0813
0.5270 12.50 80+6 — 128+6 - 2242 1441 1.0920
0.3298 12.43 75+4 — 105+4 — 20£1 1427 1.0964
0.2530 12.32 6242 — 8542 — 24+1 1422 1.0985
0.1979 12.23 48+2 — 96+3 — 302404 1419 1.0993
0.1064 12.17 34+1 — 11343 — 28.7+0.3 1411 1.1011
0.0278 11.66 25£2 — 8518 — 28.2+0.4 1399 1.1032
Butylamine in H,O
0.5056 12.23 13448 67+2 17£3 1529 0.9903
0.3860 12.14 10745 73%1 16+1 1523 0.9925
0.1960 11.98 90+3 60£1 21.7+£0.5 1512 0.9946
0.0820 11.76 58+2 S 61£2 21.1£04 1506 0.9961
0.0302 11.46 3742 48+3 20.6£0.3 1503 0.9969

analysis.

The concentration of deuteroxide ions, [OD™], is calcu-
lated according to a pH meter reading using the following
relation: "2

PDii 0,0 = PH eer reading in p,0 1041 (C))

The ionization constant, pKy, = 14.955 for D,0 at 25 °C, is
also taken.”! For butylamine in D,0O, the dissociation con-
stant, K}, is defined as

Ko=7’[0OD " J*/(IR-NDs*---OD ]+ [R-ND;,])
=y’ [OD" I*/(C, — [OD ™), Q)

where y is the activity coefficient calculated by Davis’
equation.”? A similar equation as Eq. 5 was applied to esti-
mate the dissociation constant in H,O. The obtained values
are listed in Table 2, and the result in H,O is very close to
the literature value.? It is now possible, using a least-mean-
squares method, to determine the rate constants from plots
of 2mf,; vs. yZ[OL_], which are shown in Fig. 2; the re-
sults are tabulated in Table 2. The good linear relationships
make us confirm that the cause of the relaxation is due to
a perturbation of the first step in Eq. 2. Then, the isotope
effects are obtained for the forward and backward rate con-
stant (Table 2). The slightly greater forward rate constant
for butylamine in D,O is interpreted by a decrease in the
activation energy at the transition state, i.e. by a decrease
in the vibrational energy of the activated complex, because
the rate constant is controlled by the activation free energy,
following the Eyring rate theory. This may be caused by
the greater reaction radius in D,0 than that in H,O, which
is estimated from the theoretical equation for the diffusion-
controlled reaction proposed by Debye.>'""'¢ A similar iso-

tope effect is also found in propylamine solutions.!' Also,
the isotope effect on the backward rate constant is explained
by the more stable intermediate, as is done for propylamine
solutions. That is, the intermediate, R-ND3*---OD~, which
still includes several solvent molecules,? is stabilized due to
deuterium additions, which cause a further decrease in the
vibrational energy of the intermediate, even if the activated
complex energy level is lowered. This situation is also seen
in the equilibrium constant, K;;, defined as K»; = ka1 /k1o. As
can be seen in Table 2, the K,; values in D,O are smaller
than those in H,O. Another equilibrium constant, K3, in
Table 2 is that for step I in Eq. 2. They were calculated from
the relationship, 1/Kb = 1/K21 +1/(K21K32).9’11

For the deuteron- or proton-transfer reaction, the standard
volume change, AV, is also related to the maximum absorp-
tion per wavelength, tmaxi,

tmax1 = 0.5A1f1¢ = mpc” T'(AV1)? /(2RT), (6)

where I" = (1/[OL~]+1/[R-NL$]+1/[R-NL}---OL~1)"L, p
is the solution density, c is the sound velocity, R is the gas
constant, and 7'is the absolute temperature. Such determined
mean values of AV; for a deuteron- or proton-transfer reac-
tion are given in Table 2. The greater volume change for a
deuteron-transfer reaction is considered to be caused by the
stronger hydrogen-bond network in D,O compared to that in
H,0 because the hydrogen-bonded water molecules have a
greater volume than the free ones. The trend of the isotope
effects for butylamine is very close to those for propylamine,
although the effect on the forward rate constant is not so
notable.

Next, we present the ultrasonic absorption results observed
in concentrated solutions of butylamine in D,0O. In the con-
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Table 2. Rate and Thermodynamic Constants of Deuteron or Proton Transfer Reaction for Propylamine and Butylamine in D,O
and in H,O at 25°C
k12 ka1 KL /KD KKy K> K3 K AVy
10 mol~'dm’s™' 107 s 10~ mol dm™> 107* moldm™  107° m’ mol™"
Propylamine® 2.7+0.1 7.1+£13  0.78 1.8 2.6 0.04 1.0440.07 40+3
in DO
Butylamine 3.1£0.3 54+£28 0.90 1.7 1.8 0.07 1.17£0.23 34+1
in D,O
Propylamine® 2.1£0.2 13+4 6.2 0.10 5.6+1.5 3348
in H,O
Butylamine 2.8+0.1 9.3+2.1 33 0.11 3.3840.38 2744
in H,O
a) Quoted from Ref. 11.
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100 2 4 6 8 Fig. 3. The analytical concentration dependence of the ex-
cess absorption, A, (@) and the sound velocity, ¢ (#), for
T Z[OD-] / 10—3mo| dm'3 butylamme m Dzo
Fig. 2. Plots of 2mfy; vs. y*[OL7] for butylamine in D0

(@, corresponding to bottom and left axis.) and in H,O (O,
corresponding to top and right axis.).

centration range from 1 to 1.3 moldm™3, a double relax-
ation process is observed, and the absorption data above 1.3
mol dm~3 appear to be fitted to the single relaxational equa-
tion. This means that another relaxation process exists above
1 mol dm™3, of which the parameters are given by f,, and
A, in Table 1. The slightly higher B values observed in the
concentrated solutions (more than 1.3 mol dm™3) indicate
that the relaxational absorption due to the hydrolysis shifts
to higher frequency range, that is, the higher B values are
associated with a tail of the relaxation due to the hydrolysis
of amines. Figure 3 shows the concentration dependence
of the excess absorption, A,. This phenomenon is called
the peak sound absorption concentration (PSAC), and it is
characteristic for aqueous solutions of nonelectrolytes. The
concentration dependence of the sound velocity, ¢, which
is also represented in Fig. 3, shows a similar trend, that is,
the peak sound velocity concentration (PSVC), although the

concentration of the maximum is lower than that for the
maximum A,. Similar phenomena were observed in solu-
tions for butylamine in H,O? and in binary mixtures,*** and
were interpreted by the molecular-aggregation reaction and
the solute—solvent interaction. Butylamine molecules consist
of hydrophilic and hydrophobic groups, which trend to asso-
ciate in aqueous environment, as do those for surfactants.?
The simplest association process may be expressed by the
following reaction mechanism:

ke

nB<——Bn,
kr

Q)

where B is the monomer, B, is the aggregate, n is the ag-
gregation number, and k; and k; are the forward and reverse
rate constants, respectively. For solution in which aggre-
gates form, the proton NMR signals can provide information
about micelle formation. Haque® has reported that sodium
propionate forms a small aggregate (micelle), of which the
critical micelle concentration (cmc) is 1.33 mol dm 3, using
NMR. Muller and Birkhahn®? have proposed a relation-
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ship between the concentration and the chemical shift (J)
with the assumption that the reaction expressed by Eq. 7 oc-
curs rapidly enough that the signals from the monomer and
the micelle coalesce completely, when the over-all solute
concentration, Cy, is greater than cmc:

0 = 6(B,) + (cme/Co)[6(B) — 6 (B, ®)

where 6(B) and 6(B,) denote the chemical shift for the
monomer and the aggregate, respectively. Below cmc, the
chemical shifts are constant. Therefore, plots of & vs. 1/Cy
should consist of two straight lines, and the intersection of
these two lines corresponds to cme. These ideas have been
applied to butylamine in D, 0O, the plots of which are shown
in Fig. 4. It is observed that the chemical shifts for y-
and &-proton in butylamine fit to Eq. 8 well at greater than 1
moldm™3; also, the corresponding cmc has been estimated as
ca. 1.0 mol dm—3, which is close to the concentration where
the ultrasonic relaxational absorption under consideration
appears. However, the chemical shifts for the a- and -
proton in butylamine do not obey Eq. 8 very well. This is
considered to be because the hydrophilic amine terminals are
intact in D, 0O molecules and, therefore, the a- and -proton
are still influenced by the solvent molecules. It has been well
established that cmc for amphiphile in D,0 is lower than
that in H,0.3*—3? If the concentration where the ultrasonic
relaxation appears corresponds to the cme of butylamine, the
present results are consistent, because the corresponding cme
in D,0 is 1 moldm™3 or lower, and that in H,O is 1.1
moldm 3. These concentrations are still lower than PSAC.

Since the existence of aggregates is speculated from a
NMR measurement, it is natural that the cause of the ob-
served relaxation may be associated with this aggregation
process. Although the kinetics of the aggregation reaction
of surfactants has been interpreted by the Aniansson—Wall
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Fig. 4. Chemical shifts for butylamine in D,O plotted against

the reciprocal concentration. @®: y-H, corresponding to left
axis; @ J-H, corresponding to right axis.
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model,** 3¢ it seems not to be applicable when the aggre-
gation number is small. Therefore, we simply assume that
the aggregation process is expressed by Eq. 7. For this re-
action, the aggregation number can be estimated from the
relation between the maximum excess absorption per wave-
length, fimaxo, and the monomer concentration, Cy, using the
following equation;”®

maxe = 0.542f2¢ = Tpc (AV2)*ke(C1)" Qatf2) ™' J2RT),  (9)

where C; is the molar concentration of the butylamine
monomer. It is assumed that the dissociation constant, Ky, -
still holds in a concentrated solution of butylamine; then, the
concentration of the butylamine monomer is obtainable by
the relation C; = y2[OD~]?/K, based on the assumption that
the deionized amine molecules participate in the reaction be-
cause the relaxational absorption is not observed when the
solution pH is lowered. Then, Eq. 9 can be rewritten as

In [A2f2/(pc)] = nin(y*[OD ™ 1*) + In[(AV2) ke / QRTKR)).  (10)

From the slope of the plots of In [Aff/(pc)] VSs.
In (y*[OD~]?), the aggregation number, n, has been obtained
(Table 3). Thus the obtained value of n is so considerably
small that the aggregate of butylamine may not be estimated
as a micelle. Therefore, it may not be appropriate to use
the expression “cmc” for butylamine, and we thus use the
corresponding cmc.

Also, for the aggregation reaction, the rate constants are
derived from the dependence of the relaxation frequency on
[OD_],7’8

7 ' =2nf0 = k(Y [OD™F/Ky)" ™ + i, (1

This is the same expression as that derived by Kresheck et
al.’” Figure 5 shows plots of 27tf,, vs. (y*[OD~1%)? for bu-
tylamine in D,O. From the slope and intercept of this line,
the forward and reverse rate constants have been determined.
The rate constants for butylamine in H,O have been recal-
culated by the same procedure using previously reported
absorption data.® The slightly different values for k:, k;, and
AV, derived in this paper are from the data treatment. All of
the results are listed in Table 3 for a comparison.

Once the forward rate constant is determined, the standard
volume change is obtained using the following equation de-
rived from Eq. 9:

Asf}s/ pe = [(AV2) ke / QRTKD)(*[OD ™ 1Y (12)

From the slope of the plots of Asf, 2/(pc) against
(7*[OD~]?)%, the standard volume change, AV, for the ag-
gregation reaction of butylamine in D,O is estimated to be
9% 107 m? mol~!, and that in H,O is 12x 10~ m® mol~!.

The adiabatic compressibility, £, is a powerful parameter
to describe the structure of solutions. Itis calculated from the
solution density and the sound velocity by Laplace equation,
as

B = —~(1/V)OV/OP)s = 1/(pc?). (13)
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Table 3. Rate and Thermodynamic Constants of Aggregation Reaction for Butylamine in D,O and in H,O at 25°C

n ke ks AV,
1077 s7! 107% m® mol ™!
Butylamine in D,O 3 3.4x10° 38 9
(moldm™3)"2 57!
Butylamine in H,0? 4 1.1x10° 9.2 12
(moldm™)~3s™!

a) Recalculated results from the data of Ref. 8.

T T L T
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(r*0D713? /107 mol® dm™?
Fig. 5. Plots of 25tfy; vs. (y*[OD™*)* for butylamine in D,0.

Figure 6 shows the concentration dependence of f for bu-
tylamine in D,O and that in H,O. It is clearly shown that the
adiabatic compressibility values in D, O are greater than those
in H,O. It is considered that a solution with D, O is bulkier
than that with H,O because of the further reorganized hydro-
gen-bond network in the D, O solution. Such a network may
cause hydrophobic interactions (or bond) that are stronger in
D, 0O than in H>O. Also, a stronger hydrophobic interaction
makes the concentration where the aggregate starts to be
formed (the corresponding cmc) to decrease. This trend has
been focused on in some surfactant solutions.*

It should be noticed that the observed aggregation number
for butylamine in D,O is smaller than that in H,O. This
may be because of the stronger hydrophobic interaction in
D,0. That is, it is considered that the aggregation number
should be related to the relative hydrophobicity of the solute
to solvent, and that the aggregate may be formed by a hydro-
phobic interaction. The end tails of the hydrocarbons in bu-
tylamine molecules are expected to be twining together. Such
a small aggregate has also been found in an aqueous solution
of perfluoro propionate, the aggregation number of which
is three.?” Concerning the difference in the rate constants,
the forward rate constants have a different dimension for
butylamine in D,O and that in H,O and, therefore, it is
impossible to compare them with each other. However, the
reverse rate constants are comparable. The isotope effect

b
4.6h T
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=] 44 o ° * o :
-~ o]
@ o
@ °o .
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L ]
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4.2 <] 7
- 1 A
0 1 2 3

Cy/ mol dm™

Fig. 6. The concentration dependence of the adiabatic com-
pressibility, S, for butylamine in D,0 (@) and in H,O (O).

for the dissociation of the butylamine aggregate in H,O and
in D,0, k/kP, has been obtained to be 2.4. The decrease
in the reverse rate constant for butylamine in D,O indicates
that even a smaller aggregate is more stable in D,O. This
may be because D,0O molecules are substantially structured.
Such an isotope effect has also been observed in surfactant
solutions,* although the isotope effects on fast reactions were
seldom performed previously. In addition, the difference in
the standard volume change for the aggregation reaction has
also been attributed to the different aggregation number. That
is, a reaction with a smaller aggregate product may cause a
smaller volume change.

Though the proton- or deuteron-transfer reaction and the
aggregation reaction have been interpreted independently in
this paper, the general procedure of the chemical relaxation
method needs the coupling effect for their reactions. Because

.the nonionized amine molecules participate in the aggrega-

tion reaction, all of the reactions under consideration are
elucidated as

Stepl Stepll
R-NL3 +OL™ &——=R-NL3---OL™ ——=R-NL, +L,0

lT SteplIl

(1/m)(R-NLy),. (14)
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The observed relaxation for concentrations lower than 1
moldm~2 has been attributed to a perturbation of Step L
When the coupling effect between Step I and Step I is
taken into account, a reasonable dissociation constant, Ky,
is not obtained, the details of which have been described
previously.>? Step I is considered to almost be an intramolec-
ular reaction, and is too fast to affect Step I. With increasing
the concentration, the relaxation frequency associated with
Step I shifts to a higher frequency. Further increasing the
concentration, the Step III process is observed in the MHz
frequency range. Therefore, the relaxation frequency for
Step Il is much lower than that for Step I. If step I does not
influence Step 1, it is considered that Step I does not affect
Step IIl. A more precise interpretation of the coupling effect
has been shown in the ultrasonic results of butylamine and
pentylamine in H,O.®

In conclusion, from the results in the deuteron- or pro-
ton-transfer reaction for butylamine, we can see that the
more structured hydrogen-bond networks in D,O facilitate
the deuteron-transfer reaction, and the intermediate is more
stable when it is deuterated. It is noticed that the deuteron-
or proton-transfer reaction proceeds slightly faster for bu-
tylamine than that for propylamine (Table 2). This may be
explained by an enhancement of the hydrogen-bond structure
of water by the hydrophobic alkyl group. A similar effect has
been investigated in aqueous solutions of ethylenediamine,
diethylenediamine and triethylenediamine by Dickson et al.*®
In addition, for the association—dissociation reaction for bu-
tylamine, it has been found that the aggregation number is
smaller; also a slower reverse rate constant and a smaller
standard volume change are obtained in D,O compared to
those in H,O. These results are related to the structure of
the solvent and the interaction between the solute and the
solvent.

The authors acknowledge Professor Osada for the treat-
ment of the NMR apparatus. Partial financial support of a
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