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Bell® and Matsuyama® have investigated
the kinetics of the condensation of acetalde-
hyde to aldol. In his earlier work Bell con-
cluded, from his dilatometric study, that this
reaction is of the first order with respect to
acetaldehyde concentration and that the re-
action velocity is proportional to the concen-
tration of the OH~ catalyst. A major draw-
back in his experimental setup was that the
scale of the dilatometer was not corrected for
the increase in temperature in the reaction
system at the initial state of this reaction.
In his report in 1960, on the other hand, he con-
cluded, from the ultraviolet absorption study,
that the reaction is of the second order. With
his method it is difficult to measure the time
and to control the temperature accurately
without disturbing the reaction system, because
a part of the solution has to be removed.
Matsuyama has also studied the same reaction
system with a calorimetric method and has
concluded that it is of the second order and
that the relation between the velocity constant
and the concentration of OH- is linear. It
is objectionable, however, to use, as in his study,
a Beckmann thermometer with such a large
heat capacity in order to measure the change
in temperature in the reaction system. As has
been described in a previous paper,” we
measured the velocity of sound by means of
a sing-around velocimeter in order to study
the change in the chemical reaction with time.
In this work we will attempt to study the
condensation of acetaldehyde to aldol by the
same method as has been used previously.

Theoretical

It is highly likely that the change in the
velocity of sound is in proportion to the con-
centration of acetaldehyde, provided that the
change in the concentration is comparatively

small. Therefore,
C1"C2-=a(f1—fu) (l)
Ci—Co=a(fi—f=) 2)
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where Ci, Ci, Cw, fi1, fi, and fw are the con-
centrations of acetaldehyde and the pulse
repetition frequencies at times #;, #; and fe
respectively, #; being the starting time for the
measurement, and where « is a proportionality
constant. By subtraction,

Ci—Ci=a(fi—fi) 3)
If this reaction is of the second order with
respect to the acetaldehyde concentration and
if no product reacts consecutively during the
measurement, the reaction may be expressed
by:
1/(@a—x)=kt+1/a 4
where a is the initial concentration of acetalde-
hyde; x, the decrease in the concentration of
acetaldehyde after the lapse of time, ¢, and k,
the velocity constant. Equation 4 can be
expressed with C in place of a and x:
1/(Ci—Cw) =kdt;+1/(C;—C=) (5)
Thus:
(C1—C)/{(C1—C=) (Ci—Cw=) dt;} =k (6)
or (C;—C')/{(Ci—Cw)(C'i—C=)4t'} =k (7)
where dt;=t;—t, 4t';=t';—t,, and C'; is the
concentration of acetaldehyde at r=t';. From
Eqgs. 6 and 7,
(C1—C) /{(C1—C=) (Ci—C=) 4t}
=(C1—C')/{(C:—C=)(C';—Cw) 4t';}
®
From Egs. 1, 2, 3 and 8,
f1_f°°:{(f1—'f¢)(fl—f's)(ﬁfrc—dfs)}/
{(h—=f)at's— (fi—f') At} (9)
where f'; is the pulse repetition frequency at
t=t';. Equation 5§ may also be rewritten as
follows :
1/(f=f=)=1/{(fi—f=)—(fi=f)}=
akdt+1/(f1—f=) (10)
Therefore, if a plot of 1/(f—f«) obtained from
Eqgs. 9 and 10 against 4t is linear, the reaction
must be of the second order. On the other
hand, if this reaction is of the first order, the
reaction is given as follows:
In(f—fe) =In{(fi—f=) = (fi—f)}=

—kdt+1n(fi—f=) (11)
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Therefore, fi—f= is given in Eq. 12 under the
condition that 24t,=4t";:

fimfa=(fi= Y (frtf's—2f) (12)

If the experimental values of In(f—f=) plotted
against 4t satisfy Eq. 11, giving a linear curve,
then the reaction is probably of the first order.

Experimental

The condensation of acetaldehyde to aldol has
been investigated in a dilute aqueous solution of
sodium hydroxide (0.0050—0.0145M). The reagent
was extra pure grade acetaldehyde in an ampoule
and used without further purification. The acetalde-
hyde was diluted with air-free water in order to
prepare about 0.57 mol./l. of an aqueous solution.
The concentration of acetic acid contained in this
solution was found to be 0.002 mol./l. by titration.

The sample and the catalyst solution were then
mixed in a flask and transferred from it into a
cell. Before each measurement, air was replaced
with nitrogen. The measurements were carried out
in a water bath at 25°C. The temperature was
observed in the water bath with a Beckmann
thermometer and inside the cell with a thermistor
thermometer. (A detailed description of our sing-
around velocimeter was given in the previous
paper.®) As a result of the mixing of the sample
solution with the catalyst, the temperature in the
reacting system began to rise in seven to ten minutes
and reached an equilibrium with the bath tempera-
ture, 25°C, in thirty minutes. The correction for
the velocity of sound, therefore, should be made
for the temperature rise in the initial stage of the
reaction. Measurement over a long period is not
desirable in this study, for subsequent reactions
would probably occur in this system.

Results

The changes in the velocity of sound, cor-
rected for the temperature change with time,
are shown in Fig. 1 for a dilute aqueous so-
lution of sodium hydroxide (0.0050—0.0145 m).
The changes in the values for 1/(f—f«) and
In(f—f~) with time are plotted in Figs. 2 and
3 respectively. A comparison of the two
curves shows that the results from the former
give a better linearity than those from the
latter. That is, all of the curves for the former
are linear, but those for the latter deviate
from the linear line, passing through three
points, log(fi—f=), log(fi—f=) and log(f':—
f«). Hence, this reaction is probably of the
second order within the period studied here.

Discussion

The above experimental results can be ex-
plained on the basis of a reaction scheme® of

5) A. Frost and R. G. Pearson, ‘“Kinetics and
Mechanism,” John Wiley & Sons Inc., New York, London
(1961), p. 335.
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the following condensation of acetaldehyde:

k1
HCOCH3+B§ HCOCH:~ +BH* (13)

k.
HCOCH, - + HCOCH; g HCOCH,-CHO-

CH:
(14)
k
HCOCH,-CHO- +BH* g HCOCH,-CHOH +B
1
CH; ) CH,
(15)

where B is a base and k is the velocity con-
stant. The last step being very fast, the above
scheme can be reduced to:

HCOCH; + B :z HCOCH, - +BH* (16)
HCOCH:~ + HCOCH; k_s) Product 17
Thus,
[HCOCH, "~ 1= {k:[HCOCHG;][B]}/
{ks[HCOCH:] + k:[BH*]} (18)
d[product]/dt= {kikslHCOCH;]*[B]}/
{ks[HCOCH;]+ k,[BH*]} (19)

Two limiting cases, in which k:J[HCOCH;] is
much greater or much smaller than k:;[BH™*],
are of interest. The first case leads to:

765

rate=k;[HCOCH;][B] (20)
and the second to:
rate=k,ki[HCOCH:)?[B]/k:[BH *]
=k1ks|HCOCH:)’[S~1/k: K= (21

where Kg is the ionization constant of the
base and S~ is the anion of the solvent, SH.
If k;[HCOCH:] is greater than k;[BH®*], the
reaction is of the first order. As [HCOCHS:]
approaches zero, the rate must become second
order with respect to the concentration of
acetaldehyde. The concentration of acetalde-
hyde is so dilute in this study that these
reactions would be second order.

The above consideration leads to the con-
clusion that the measurement of the velocity
of sound is a useful method for the study of
the chemical kinetics of simple reactions as
in our present and previous papers. Further,
considering the advantageous characteristics of
the sing-around velocimeter, we expect that
this method can be extended to the study of
the kinetics of the fast reaction, which is diffi-
cult to measure with other methods.
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