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Abstract

The kinetics of detachment of the acid anions and their transfer into solution is investigated for the
preparations of succinic acid obtained mechanochemically. It is established that under the experimental con-
ditions this process goes on almost completely within 1 min for the composites based on tale and for the known
pharmaceutical preparations «Yantar-antitox» and «Yantarnaya kislota» (succinic acid). Dissolution of the
composites based on kaolinite occurs gradually during 20 min and depends on activation time. The reasons of
differences in the solubility of preparations are discussed.

INTRODUCTION

Investigations of the interactions in the sys-
tems involving a silicate and biologically active
substance showed the possibility to use mecha-
nochemical methods to create new medical
products with the required properties, includ-
ing those of multifunctional and prolonged
action [1—4]. In particular, this method can be
applied to obtain preparations of succinic acid
for use as food additives in order to sustain
energy balance of cells for the purpose of
prophylaxis of many diseases, especially un-
der unfavourable conditions for an organism,
under stress, after severe exhaustive diseases,
as well as antioxidants of directive effect. How-
ever, the existing preparations of succinic acid
are counter-indicative for persons suffering from
urolithiasis, gastric and duodenal ulcer, espe-
cially under acute condition; they also have a
negative effect of enamel

The preparations of succinic acid which we
obtained by means of the joint mechanical acti-
vation of the acid and natural layered silicates

[5] are not expected to have a negative effect on
human organism because succinic anions are con-
nected in them with the surface Me ions of sili-
cate by the acid protons. As the experiments
showed, succinic acid is present in these prepa-
rations in the assimilable form because acid ani-
ons bound chemically to the surface can detach
rather easily under the conditions imitating the
acidity of the stomach medium [5].

The efficiency and safety of medical treat-
ment with any medical product depends on
the rate and extent of its absorption by a liv-
ing organism, that is, on its bioavailability. The
assimilation of a preparation in an organism is
most frequently limited by the rate of disso-
lution, which depends on particle size and on
amorphism of the substance [6].

The present work deals with the investiga-
tion of the process (kinetics) of dissolution of
succinic acid preparations obtained mechano-
chemically. Here and below we understand dis-
solution of succinic acid preparations as de-
tachment of acid anions chemically bound in
them and their transition into solution.
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EXPERIMENTAL

The preparations of succinic acid used in
the present work were layered composites ob-
tained by the joint mechanochemical activa-
tion of layered silicates: tale Mg;(Si O,,)(OH),
(GOST 20706—75) and kaolinite Al,(Si,O;)(OH),
(GOST 19608—84) with succinic acid (COOH),(CH,),
(hygienic certificate No. 1124-6, GOST 6341-75).
Molar ratios of the components in the composites
were: talc:acid =1:1; kaolinite: acid =1: 0.25
and 0.5 (maximal possible value). The layered com-
posites can be conventionally represented as comp-
lex compounds: [Mgs(Si,0,,)]*"(COO7),R and
[2Al1,(Si,05)(0OH),* (COO"),R.

In the system with talc, mechanochemical
neutralization reaction is possible with the sili-
cate to acid molar ratio < 1 : 1, and in the
system with kaolinite < 1 : 0.5.

Activation of the preparations, as well as
obtaining them, was carried out in a ball mill
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of planetary type AGO-2 [7]. For comparison,
we also investigated the solubility of commer-
cially available pharmaceutical preparation
“Yantar-antitox” (0.4 g of microcrystalline cel-
lulose, 0.1 g of succinic acid).

In order to study solubility of succinic acid
preparation, 0.4 g of it was placed in 25 ml of
the aqueous solution of hydrochloric acid (pH
~1.1) at room temperature under permanent
mixing (the rotation frequency of a magnetic
mixer was ~80 rpm). The dissolution was car-
ried out for a definite time interval Ty, within
the range 0.5—20 min. Then the sample was
centrifuged; the concentration (g/l) of succi-
nate anions that passed into the solution from
the preparation was measured in the aqueous
fraction by means of voltammetry basing on
the cathode voltammetric signal of maleic acid
which is present in succinic acid in trace
amounts. For analysis, the solutions under in-
vestigation were placed into electrochemical
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Fig. 1. Dependence of the solubility of succinic acid preparations based on talc (a) and kaolinite (b, ¢) on mixing time

and on activation time: a — [A] .,
min: 05 (1), 1 (2), 3 (3), 5 (4), 7 (5).

= 0.095 g, curve 7 — Yantar-antitox, b — [A].x = 0.041 g; ¢ — [Alux = 0.06 g; T,
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cell; voltammetric curves were recorded in the
cathode mode. Graphite electrode renewed in
the solution under investigation directly be-
fore determination [8] was used as an indicator
(working) electrode. The cathode signal at E =
—0.6 V was proportional to the concentration
of succinic acid in solution. The calibration de-
pendence of the height of the cathode peak
on the concentration of succinic acid is a straight
line within the range 0.5—5.0 g/1. Relative error
of concentration determination does not ex-
ceed =7 %. No effect of kaolinite and talc on
the signal value was revealed.

Specific surface was measured by argon de-
sorption at T = 77 K (liquid nitrogen) on the
powder surtace.

The IR absorption spectra were recorded
with Specord 75 IR spectrophotometer; the
samples were prepared for recording as tablets
with well calcinated potassium bromide.

RESULTS AND DISCUSSION

Figure 1, a—c shows the dependencies [A] =
f(t,) where [A] is the amount of succinic acid
contained in 0.4 g of the preparation, T, is the
mixing time, min. According to the calculated
data, 0.04 g of the preparation based on kaoli-
nite contains 0.041 or 0.06 g of succinic acid, 0.4
g of the talc-based preparation contains 0.095 g.

It follows from Fig. 1, a that in the case of
tale-based composites the acid anions are de-
tached and pass into solution almost complete-
ly within 1, = 0.5—-1.0 min independently of
activation time t,. Since the dependencies [4] =
f(t,) for the samples taken at the beginning
(t, 2 0.1 min) and at the end (T, = 5 min) of
mechanochemical activation [5] and further
activated (1, = 7 and 9 min) almost coincide,
only three of them are shown in Fig. 1, a. The
dissolution of the pharmaceutical preparation
“Yantar-antitox” occurs with similar rate (see
Fig. 1, a, curve 7).

Quite different situation is observed with
kaolinite-based preparations. In the case of
samples taken at the initial stages of prepara-
tion (T, < 0.5 min), when substantial amounts
of unbound succinic acid are present [5], the
anions of the free acid also pass into solution
completely almost from the very beginning of
dissolution process (see Fig. 1, b, ¢, curves 1).
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Fig. 2. IR absorption spectra of the mixture of talc with
succinic acid before activation (a) and after activation
for 5 min (b). Talc to acid molar ratio 1 : 1.

With a decrease in the content of unbound
acid in the samples, the transition of anions
into solution is somewhat slowed down. For the
samples containing no free acid, that is, taken
directly after the finish of mechanochemical
reaction! (t, = 3 (5) min), which depends on
the initial kaolinite to acid molar ratio [5] (see
Fig. 1, b, ¢) and further activated (1, = 5, 7,
9 min), the transition of acid anions into solu-
tion becomes dependent on mixing and acti-
vating time. Disperse state (specific surface) of
the preparations, as suggested by the data
shown in Table 1, increases during activation
and reaches its maximum after the finish of
mechanochemical reaction (t, = 3 (5) min). How-
ever, these samples exhibit the lowest solubili-
ty (see Fig. 1, b, ¢, curves 3). Activation of the
ready preparations leads to an increase in their
solubility (see Fig. 1, b, curves 4—6, and Fig. 1, c,
curves 5, 6). The observed decrease in specific
surface (see Table 1) is connected with the secon-
dary aggregation of particles of the prepara-
tions, which does not affect their solubility be-
cause solubility is determined in aqueous solu-
tion under permanent mixing [9]. The depend-
ence of solubility of kaolinite-based prepa-
rations not only of the disperse state but also
on mixing time T, is the evidence of the possi-
bility to obtain the preparations of succinic acid
of prolonged action on the basis of kaolinite.

It follows from the comparison of Fig. 1, b
and c that the character of solubility of the
preparations is almost independent on the con-
tent of succinate ions in them.

IThe completion of the reaction is evidenced by the
presence of bands related to carboxylate ion in the IR
absorption spectra of these samples, which character-
ize the salt of succinic acid, instead of the bands relat-
ed to the vibrations of carboxylic group: VOH and vC=0
(Fig. 2).
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TABLE 1

Specific surface of the mixtures of succinic acid with talc and kaolinite in the process of obtaining succinic acid

preparations by the mechanochemical method

: 2
T,, min Sep M7/8

a’

mixture with kaolinite

mixture with talc

1:0.25 1:05 1:1
0 (initial) 5.7 5.4 4.2
0.5 9.5 11.8 10.1
1.0 9.9 12.2 10.8
3.0 13.7 12.7 14.3
5.0 12.3 13.0 13.0
7.0 115 11.8 12.3
9.0 11.3 10.9 12.0

The established difference in the solubili-
ty of tale- and kaolinite-based succinic acid
preparations is connected with the difference
in the crystal structures of the silicates de-
termining the structure and composition of
the resulting composites. Conventionally, the
composites can be represented as complex
compounds: [Mgs(Si,0,,)]*"(COO7),R and
[2A1,(Si,0;)(OH);**(COO"),R.

It may be assumed that succinate anions
which are present in the outer sphere are con-
nected with the complex cation in talc-based
composites mainly by electrostatic forces and
are easily detached in weakly acidic solution
dissociating almost completely according to the
strong electrolyte type dissociation. In the case
of composites based on kaolinite, the connec-
tion between the inner and outer spheres of
the complex is enhanced due to the formation
of the inner sphere of hydrogen bonds bet-
ween OH groups and the succinic anions of the
outer sphere of the complex. This fact, and also
the difference in the structures of the ligands
of inner spheres and the properties of the cen-
tral ions of complexes (Mg?" for tale, AI*" for
kaolinite) lead to the difference in the solubili-
ty of layered composites which are succinic
acid preparations based on talc and kaolinite.

CONCLUSION

The investigation of dissolution kinetics of
succinic acid preparations showed that under the
experimental conditions (pH ~ 1, V., = 80 rpm)
detachment of acid anions and their transfer
into solution occurs within T, £ 1 min in the case

of talc-based composites; in the case of kaoli-
nite-based composites, this process is slower and
gradual: T, 2 20 min. Pharmaceutical prepara-
tions “Yantar-antitox” and “Yantarnaya kislo-
ta” (succinic acid) are dissolved similarly to talc-
based preparations: within T, < 1 min.

The established regularities of the solubili-
ty of succinic acid preparations are connected
with the strength of binding its anions to the
support. In the case of kaolinite-based com-
posites, the binding is stronger due to the for-
mation of hydrogen bonds between hydroxy
groups of the matrix with acid anions. In talc-
based preparations, there are no hydroxy
groups, so the succinate anions are bound with
the support mainly by electrostatic forces and
are easily detached in weakly acidic solution.
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