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This review analyzes and systemizes results from publications on the solubility and hydrolysis
of ammonium hexafluorosilicates (AHFS). These inorganic compounds have a variety
of technological applications and have been actively researched as potential anti-caries
agents in recent years. The characteristics of AHFS solubility were examined in water,
methanol, ethanol (96%), and dimethyl sulfoxide. Existing approaches were discussed to
interpret the main trends in changes of salts solubility depending on cation structure.
Interionic H-bonds were noted to have a non-trivial negative impact on the water solubility
of AHFS. The hydrophobic effect of H-bonds also needed to be considered when searching
for new pharmaceutical substances among AHFS. A high, often close to quantitative,
degree of hydrolysis of AHFS was found in diluted aqueous solution, resulting in an
effective release of fluoride ions with caries-preventive properties.
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Introduction
Ammonium hexafluorosilicates (AHFS) are a

class of inorganic compounds widely used in modern
technological practice and laboratory research [1,2].
In recent years, AHFS have been actively studied as
promising anti-caries preventive agents [1–4] because
they present certain advantages over traditional fluoride
drugs. Dental caries is a serious problem for the health
systems of most countries [5,6], and search for new
effective and safe means of treatment and prevention
of caries remains an urgent task of modern
pharmaceutics.

Searching for perspective anti-caries agents
among AHFS must include an assessment of physical
and chemical characteristics of possible drug candidates,
as a mandatory step. A drug candidate must meet
certain criteria. In particular, physical and chemical
characteristics of potential pharmaceutical drug for
oral administration must correspond to Lipinski’s
empirical rule of five [7,8] and related «drug-like»
approaches [9] defining the bioavailability of the
candidate drug. The rule of five [7,8] allows evaluating

the drug’s water solubility (WS), i.e., the main
characteristic that needs to be respected for drugs dosage
and transport and in anaesthesiology [10]. Another
important characteristic of drugs and drug candidates
is their hydrolytic instability, which is directly related
to the processes of metabolism and to the formation
of active intermediates (prodrugs) [11,12]. It is
important to emphasize that AHFS are ionic
compounds and differ significantly in structure and
properties from drugs of organic nature with molecular
structure for which were proposed rules [7,8] and
transformation schemes [11,12]. The present review
attempts to analyze the solubility and hydrolysis
characteristics of AHFS as a basis for rational selection
of potential pharmaceutical drugs based on the
specificity of AHFS structure.

Water solubility
Let us consider existing approaches to rational

explanation and a priori assessment of solubility
characteristics, especially water solubility (WS) of
AHFS and how they relate to the rule of five [7,8].
The first was an attempt [13] to link the values of
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AHFS WS with Davis group numbers (GN)
(Table 1), used for assessing the hydrophilic-lipophilic
balance (HLB) of surface-active compounds [14].
According to ref. [15], GN can characterize, as a first
approximation, HLB complexes in a series of
compounds of similar composition and structure (in
our case ammonium cations in the AHFS
composition). According to refs. [14,15], a GN is
assigned to each compounds’ functional group. The
sum of GN according to formula (1) then yields the
HLB of a molecule:

HLB=Σ(hydrophilicGN)+Σ(hydrophobicGN)+7.  (1)

Table 2 presents data on the WS (mol.%) of
some AHFS with different aryl(alkyl)ammonium
cations and calculated values of HLB salts.

Data from Table 2 show that the concept of
Davis group numbers properly reflects (i) the
downward trend of AHFS WS with an increase in the
lipophilic properties of cations, according to the
following series: C6H5NH3

+, C6H5CH2NH3
+,

(C6H5CH2)2NH2
+, (C6H5CH2)3NH+, and (ii) the high

salt solubility of [C(CH2OH)3NH3]2SiF6 with four
hydrophilic functional groups. To explain the high
WS of (o-CH3OC6H4NH3)2SiF6 salt with the additional
hydrophilic fragment –Î– (which, however, has the
lowest value of GN in the series of hydrophilic groups,
Table 1), it seems necessary to involve factors beyond
the scope of the model [13,14]. WS values of the salts
with functionalized phenylammonium cations
RC6H4NH3

+ (R=o-NO2, o-, n-COOH, ï-SO2NH2)
were abnormally low and in disagreement with regard
to the model [13]. This group of AFHS contains
substituents with marked Í-donor/Í-acceptor
properties, and their low WS can be explained by the
relative stabilization of their structures thanks to
additional interionic Í-bonds (besides Í-bonds with
–NH3

+ group participation) [13,16]. The same situation
apparently occurs for the sulfathiazole salt (stzH)2SiF6

(Ñ=0.1 mol.%) [17], in which hydrophilic fragments
in the phenyl-ammonium cation form strong Í-bonds
with the anion. The chief merit of attempting to use
Davis conception for the interpretation of the data on
the water solubility of AHFS [13] is precisely to draw
attention to the problem of influence of Í-bonds on

salts solubility.
Relationship between the WS of AHFS with

N-containing heterocyclic cations and the
characteristics of Í-bonds of salts was first established
in ref. [18]. The effects of H-bonds on the WS of
hexafluorosilicates can be comparatively assessed using
the parameter h, defined as:

h=n/d(D ⋅⋅⋅A)av., (2)

where n is the number of short interionic contacts 
(D⋅⋅⋅A≤3.2Å, strong and medium Í-bonds according 
to classification [19]); and d(D⋅⋅⋅A)av. is the average 
donor-acceptor distance in a complex structure.

Table 3 presents the values of h calculated from
X-ray crystallography data for structurally characterized
AHFS with pyridinium cations and related cations,
containing N-atoms of pyridine type, and the WS
values (Ñ, mol.%) of the salts.

The relationship between h and Ñ values is
depicted in Fig. 1. The inverse relationship between
the values of h and Ñ indicates that the WS of AHFS
decreases exponentially with the increase in the value
of h; i.e., the increase in the intensity of interionic
H-interactions.

Generally, the WS of arylammonium
hexafluorosilicates (Table 2) is noticeably lower
comparing to heterocyclic cations salts (Table 3), which
fits well with the idea of a stabilizing effect of
Í-bonds. Arylammonium cations have high Í-donor
capabilities (–NH3

+ group) compared to heterocyclic
cations (group NH+). In particular, as shown by the
comparison of the characteristics of
(2-CH3C5H4NH)2SiF6 (Ñ=11.6 mol.%, h=0.71) and
(2-CH3C6H4NH3)2SiF6 (Ñ=1.17 mol.%, h=1.39) salts,
an increase in the Í-interactions leads to a tenfold
decrease in the solubility when passing from the
2-methylpyridinium salt to its
2-methylphenylammonium analogue.

In the absence of structural data, it was proposed
[26] to use the parameter h’ as a characteristic allowing
to evaluate the influence of effects Í-bonds on AHFS
solubility:

h’=NH/ðÊ àL, (3)

Table 1
Davis group numbers [14]

Hydrophilic groups  Group number Lipophilic groups  Group number  
–О– 1.3 –CH– –0.475

–СООН 2.1 –CH2– –0.475
–ОН 1.9 –CH3 –0.475

–NR4
+ 9.4 =C– –0.475
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where NH is the number of Í-donors in cation
composition; and ðÊàL is the basicity constant of
ligand L [27,28] in the composition of the
corresponding ammonium cation.

As noted in ref. [26], the parameter h’ retains
the meaning of h to a certain extent: the values of n
(number of Í-bonds) and NH change symbatically,
as well as d(D⋅⋅⋅A)av. and ðÊàL (the growth of ðÊàL is
accompanied by the decrease of Í-donor capacity of
cations, and, as a consequence, the increase of
D⋅⋅⋅A distances).

The values of WS AHFS, as well as NH and h’ 
are presented in Table 4, while Figure 2 shows the 
relationship between Ñ and h’ values.

Table 2
Solubility of ammonium hexafluorosilicates in water and

their hydrophilic-lipophilic balance [13]

Salt Solubility C, 
mol.% (250С) HLB

(C6H5NH3)2SiF6 0.75 28.05
(o-CH3C6H4NH3)2SiF6 1.17 28.05
(o-CH3OC6H4NH3)2SiF6 5.67 30.65
(o-ClC6H4NH3)2SiF6 0.90 29.00
(o-BrC6H4NH3)2SiF6 1.74 29.00
(o-O2NC6H4NH3)2SiF6 0.12 29.00
(o-HOOCC6H4NH3)2SiF6 0.49 33.20
(p-H2NO2SC6H4NH3)2SiF6 0.06 29.00
(p-HOOCC6H4NH3)2SiF6⋅4Н2О 0.08 33.20 
(C6H5CH2NH3)2SiF6 0.30 27.10
[(C6H5CH2)2NH2]2SiF6 0.12 20.14
[(C6H5CH2)3NH]2SiF6 0.05 15.70
[(CH3)(C19H39)NH2]2SiF6 1⋅10–4 –0.20
[C(CH2OH)3NH3]2SiF6 3.51 41.35 

Table 3
Solubility of hexafluorosilicates of N-heterocyclic cations in water and value of h parameter

Note: * – (C2H6N5)+ stands for 3,5-diamino-1,2,4-triazolium cation

Fig. 1. The relationship between the solubility Ñ and parameter

h of ammonium hexafluorosilicates ([1], with modification)

As in the case of Ñ and h values interconnection,
the values of Ñ and h’ show an inverse relationship
and the corresponding graphical representations have
a similar form. It should be noted that equations for
h and h’ parameters include the number of potential
Í-donors (or Í-bonds) as one of the «drug-like»
criteria of the rule of five [7,8] proposed in publications
[18,26]. The growth of these characteristics is
accompanied by a decrease in the values of WS of
corresponding AHFS.
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The next step towards identifying factors
determining WS of AHFS and role of Í-bonds in
regulating the WS of such salts was made in the work
[29]. To describe and forecast the AHFS WS, suitable
2D QSPR models were used [29], constructed using
Simplex representation of molecular structure method
(SiRMS) [30]. It should be pointed out that until
now only two following publications have studied the
WS of ammonium salts within QSPR models: ionic
liquids, piperidine and pyrrolidine salts [31], and salts
of benzyl ammonium [32]. However, the role of
Í-bonds effects in such systems was not discussed.
Results of the analysis [29] of influence of various
physical and chemical factors on salts WS are given
in Table 5.

As shown in Table 5, the contribution of
Dragon’s topological indices comes first (39%), this
factor characterizing branching of the cation structure.
As for the other factors, electrostatic interactions are
expected to be in second place (27%) and van der
Waals interactions (19%) in the third. Lipophilicity,
quite unexpectedly, makes a very modest contribution
(3%), whereas the contribution of Í-bonds effects is
more significant (10%). However, the observed value
is clearly inferior to the expectations of works [18,26],
that assumed a dominant contribution of H-bonds
effects in AHFS solubility.

The detailed analysis of the influence of
Í-bonds on WS of AHFS [29] led to the identification
of structural fragments of cations that provide a negative
contribution to water solubility. It was shown that
inclusion of pyridinium and anilinium cations of
–SO2NH2, –CONH2, –NH2, –COOH, and –OH
functional groups, capable of forming strong Í-bonds,
had a negative influence on WS (Fig. 3,a). A similar
hydrophobic effect is provided by heterocyclic
pyrimidinium cations, 1,2,4-triazolium,
1,3,4-thiadiazole, and benzimidazolium, containing
two or three nitrogen atoms inside/in the cycle
(Fig. 3,b).

As noted in ref. [29], results of calculation and
qualitative evaluation [18,26] are in good agreement.
In particular, the presence of heterocyclic cations in
the structure along with N+Í-fragment of one or two
N-atoms lead to additional interionic Í-interaction

Fig. 2. The relationship of the solubility Ñ of ammonium

hexafluorosilicates vs. parameter h’ [26]

Table 4
Solubility of hexafluorosilicates of N-heterocyclic cations in water and NH and h2  values

Note: * – BIA, ABIA and ÀÌÒD stand for benzimidazole, 2-aminobenzimidazole and 2-amino-5-mercapto-1,3,4-thiadiazole,

respectively.

Compound* С, mol.% (250С) NH h' References 
(C5H5NH)2SiF6 19.60 2 0.38 [18]
(2-CH3C5H4NH)2SiF6 11.60 2 0.34 [21]
[2,6-(CH3)2C5H3NH]2SiF6 9.90 2 0.30 [21]
[2,6-(HOCH2)2C5H3NH]2SiF6 2.52 4 0.84 [22]
[2-HO(O)CC5H4NH]2SiF6 5.33 4 0.75 [18]
[3-HO(O)CC5H4NH]2SiF6 3.33 4 0.82 [18]
[4-HO(O)CC5H4NH]2SiF6 0,80 4 0.83 [16]
(BІАH)2SiF6 1.53 4 0.74 [26]
(2-H2NC5H4NH)2SiF6 5.60 6 0.88 [18]
(3-H2NC5H4NH)2SiF6 1.86 6 0.99 [18]
[2-C2H5-4-H2N(S)CC5H3NH]2SiF6 0.10 6 1.34 [16]
[2,5-(HOOC)2C5H3NH]2SiF6 0.07 6 2.82 [16]
[2,6-(HOOC)2C5H3NH]2SiF6 0.02 6 2.41 [16]
(АBІАH)2SiF6 0.23 8 1.11 [26]
(АМТDH)2SiF6 0.01 8 1.15 [26]
[2,6-(H2N)2C5H3NH]2SiF6 0.06 10 1.54 [18]
(C2H6N5)2SiF6 0.28 12 2.71 [25]
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of NH⋅⋅⋅F and NH⋅⋅⋅N, providing additional
contribution to the AHFS structure stabilization. It
also leads to reduction of WS of corresponding salt.

This situation is well illustrated by the example
of 3,5-diamino-1,2,4-triazolium salt having the
composition (C2H6N5)2SiF6 (Tables 3 and 4), in whose
structure all three N-atoms of the cycle (two Í-donors
and one Í-acceptor) together with two –NH2 groups
are included in the Í-bonds NH⋅⋅⋅F and NH⋅⋅⋅N [25].
Accordingly, a low WS is expected for the
(C2H6N5)2SiF6 salt, which is confirmed experimentally
(0.28 mol.%).

One general remark is appropriate here. The
negative influence of interionic Í-bonds on WS AHFS,
as established in works [18,26,29], is far from being
trivial. The generally accepted point of view is that
the presence of hydrophilic groups in organic
compounds, playing the role of donors and/or acceptors
of Í-bonds, favors WS of compounds [33–36]. This
conclusion is appropriate and logical in relation to
the molecular structure of compounds. However, the
situation is exactly the opposite in case of ionic AHFS
with organic cations.

Solubility in organic solvents
Organic solvents (OS) are widely used in the 

pharmaceutical industry as a reaction medium, in 
process of separation and purification of synthesis 
products, for cleaning of technological equipment [37] 
and in the processes of sublimation dehydration of 
pharmaceutical products [38–40]. Furthermore, OS 
(in particular, ethanol) are used for the manufacture 
of various liquid dosage forms [41]. The results of 
studies [42,43] give an idea of the main trends in 
changes in the solubility of some AHFS with 
heterocyclic cations in media of such widespread OS 
as aliphatic alcohols (methanol, ethanol) and dimethyl 
sulfoxide (DMSO) compared to data for WS. The 
objects of study [42] were 2-, 3-, 4-
carboxymethylpyridinium, 2-amino-4,6-
dihydroxypyrimidinium and octenidine 
hexafluorosilicates (I–V, accordingly), while the 
objects of study were 2-, 3-, 4-carboxyethylpyridinium 
hexafluorosilicates (VI–VIII, accordingly).

Data on solubility of ammonium
hexafluorosilicates in water, methanol, ethanol and
DMSO are presented in Table 6. Values of
2-carboxyethylpyridinium hexafluorosilicate solubility
are shown in Fig. 4 as an example.

According to data given in Table 6, a general
decreasing trend in solubility is observed for salts I–
III and VI–VIII with structurally similar substituted
pyridinium cations in the order of solvents «water–
methanol–ethanol», which may be a consequence of
«lipophilization» (decrease in hydrophilicity) of the
solvents [45]. Noteworthy analogies exist in the
dissolving power of water, the ideal solvent for ionic
compounds [46], and DMSO towards the studied
AHFS. With exception of compounds of IV and V,

Fig. 3. Relative influence of some substituting groups/substituents (a) and N+-containing heterocyclic fragments (b) on the water

solubility of ammonium hexafluorosilicates

Table 5
Assessment of the relative impact of various factors on

water solubility of ammonium hexafluorosilicates

Physical and chemical factors Relative impact, % 
Dragon's topological indices 39 
electrostatic interactions 29 
Van der Waals attraction 13 
Van der Waals repulsion 6 
donor/acceptor of H-bond 10 
lipophilicity 3
atom type 2 
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use of AHFS as anti-caries agents, and of H2SiF6 and
Na2SiF6 compounds in municipal programs for
fluoridation of potable water as a method of caries
prevention [48,49]. According to data [1,21,48,50],
hydrolysis of AHFS with composition (LH)2SiF6

(where L=NH3, organic base) is described by the
following general reaction schemes:

( ) ,H4F6OHSiOH4SiF 42
2
6

+−→
←

− +++ (4)

.OHLOHLH 32
+→

←
+ ++ (5)

Thus, hydrolysis processes of both anion (4)
and cation (5) lead to a shift in the pH of solutions to

Table 6
Solubility of ammonium hexafluorosilicates in water, methanol, ethanol and dimethyl sulfoxide

Note: * – in case of slightly soluble, 50 mg of compound IV were used.

Compound Solvent Data on solubility of 100 mg substance powder / 
volume of solvent, ml (250С) Solubility [44] 

water dissolved in 0.6 ml solvent freely soluble 
methanol dissolved in 110 ml solvent very slightly soluble 

ethanol (96%) dissolved in 185 ml solvent very slightly soluble I 

DMSO dissolved in 11.5 ml solvent slightly soluble 
water dissolved in 0.4 ml solvent freely soluble 

methanol dissolved in 136 ml solvent very slightly soluble 
ethanol (96%) dissolved in 151 ml solvent very slightly soluble II 

DMSO dissolved in 13 ml solvent slightly soluble 
water dissolved in 0.7 ml solvent freely soluble 

methanol dissolved in 216 ml solvent very slightly soluble 
ethanol (96%) dissolved in 197 ml solvent very slightly soluble III 

DMSO dissolved in 14 ml solvent slightly soluble 
water dissolved in 110 ml solvent very slightly soluble 

methanol dissolved in 650 ml solvent very slightly soluble 
ethanol (96%) dissolved in 359 ml solvent very slightly soluble IV*

DMSO dissolved in 470 ml solvent very slightly soluble 
water dissolved in 76 ml solvent slightly soluble 

methanol dissolved in 1 ml solvent freely soluble 
ethanol (96%) dissolved in 3.5 ml solvent sparingly soluble V 

DMSO dissolved in 392 ml solvent very slightly soluble 
water dissolved in 0.3 ml solvent freely soluble 

methanol dissolved in 246 ml solvent very slightly soluble 
ethanol (96%) dissolved in 425 ml solvent very slightly soluble 

VI 

DMSO dissolved in 2.2 ml solvent soluble 
water dissolved in 0.5 ml solvent freely soluble 

methanol dissolved in 477 ml solvent very slightly soluble 
ethanol (96%) dissolved in 1920 ml solvent very slightly soluble 

VII 

DMSO dissolved in 4 ml solvent sparingly soluble 
water dissolved in 2.2 ml solvent sparingly soluble 

methanol dissolved in 867 ml solvent very slightly soluble 
ethanol (96%) dissolved in 2245 ml solvent very slightly soluble 

VIII 

DMSO dissolved in 9.5 ml solvent very slightly soluble 

the high solubility values of ionic AHFS in DMSO
are explained by the high polar nature of this solvent
(dipole moment is equal to 3.96 D [47]), which also
has an extremely high solvation ability (Gutmann’s
donor number DN=29.8 [47]). In its turn, the very
low solubility of the pyrimidinium salt IV in all used
media is the result of a powerful structure stabilizing
effect of IV due to the collective action of the system
of 20 Í-bonds of various types [24].

Hydrolysis
When discussing the processes of AHFS

hydrolysis, it should be noted that the hydrolytic
instability of the SiF6

2– anion is a prerequisite for the
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more acidic values. Table 7 provides ðÍ-metry data
for 1⋅10–3 Ì aqueous solutions of AHFS with different
heterocyclic cations.

Based on data given in Table 6, ðÍ values are
quite conservative to changes in the nature of the
cation and are in the range of 2.95–3.35. According
to ref. [53], a narrow range of ðÍ values (2.2–3.4) is
also found for aqueous solutions of (NH4)2S³F6 of
various concentrations. However, no correlation was
found between solution pH and hexafluorosilicate
concentration.

Results of determination of degree of hydrolysis
(α, in %) for diluted 1⋅10–4 Ì water solutions of
AHFS are presented in Table 8.

As follows from data in Table 7, the degree of 
hydrolysisof the studied salts, α, is relatively high in

diluted aqueous solutions. In some cases, it reaches
almost quantitative values and does not reveal any
connection with cations nature. The observed high
degree of SiF6

2– anions conversion into silicon dioxide
(silicic acid) in diluted aqueous solutions of AHFS is
accompanied, according to scheme (4), by the effective
release of fluoride ions, which are the source of the
caries-preventive effect due to the following reaction
occurring in the oral cavity:

Ca2++2F–→CaF2↓. (6)

The formation of calcium fluoride precipitate
provides occlusion of dentin tubules. As mentioned
in ref. [53], the acidic nature of the studied solutions
of (NH4)2SiF6 with various salt concentration leads to
etching of the dentin surface and its coating with a
stable layer of CaF2 precipitate.

It is known [1,18,21,22,55,56] that in AHFS
structures the inclusion of fluorine atoms of SiF6

2–

anion into Í-bonds of different strength with cations’
Í-donor centers is accompanied by a noticeable
redistribution of the Si–F bond lengths. As a rule,
fluorine atoms included in the strongest bonds
X–H⋅⋅⋅F (where X=N, O) form the longest (weakest)
Si–F bonds. Therefore, it is possible that reaction of
AHFS hydrolysis with braking-up of Si–F bonds
could be stimulated by weakening of some Si–F anion
connections at the expense of Í-bonding [57].

With hydrolysis process of SiF6
2– anion, a

practically important feature of AHFS is the ability to

Table 7
Values of ðÍ of hexafluorosilicates water solutions with different heterocyclic cations

Notes: * – (C21H38N)+ means cetylpyridinium cation; ** – hydrolysis time is 10 min [51].

Compound* рН of 1⋅10–3 М solution (250С)** References 
(C5H5NH)2SiF6 3.20 [18]
(2-CH3C5H4NH)2SiF6 3.27 [18]
(2-H2NC5H4NH)2SiF6 3.30 [18]
(3-H2NC5H4NH)2SiF6 3.35 [18]
(4-H2NC5H4NH)2SiF6⋅Н2О 3.09 [18]
[2,6-(H2N)2C5H3NH]2SiF6 3.33 [18]
[2-HO(O)CC5H4NH]2SiF6 2.95 [51]
[3-HO(O)CC5H4NH]2SiF6 3.00 [51]
[4-HO(O)CC5H4NH]2SiF6 2.96 [51]
[2-C2H5-4-H2N(S)CC5H3NH]2SiF6 3.31 [52]
[2-C3H7-4-H2N(S)CC5H3NH]2SiF6 3.30 [52]
[4-H3NHN(O)CC5H4NH]SiF6 3.23 [18]
(C2H6N5)2SiF6 3.33 [24]
(C21H38N)2SіF6 3.25 [51]
(2,2'-DipyH2)SiF6 3.05 [51]
(4,4'-DipyH2)SiF6 3.15 [51]

Fig. 4. Solubility of 2-carboxyethylpyridinium of

hexafluorosilicate (m=100 mg) in water and organic solvents
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cause the effect of prolonged occlusion of open dentin
tubules by calcium fluoride precipitate. This feature
was observed [53,58] in experiments using (NH4)2SiF6,
synthetic saliva and dentin discs obtained from caries-
free human molars. Let us recall that, according to
numerous studies [59–64], silicon dioxide and silicates
are kind of catalysts initiating the precipitation of
calcium phosphate (apatite) from simulated biological
fluids and synthetic saliva. In the case of use of
(NH4)2SiF6, silicon dioxide (silicic acid) formed
according to the scheme (4) is included in the sediment
composition on the dentin surface and causes the
formation of new portions of sediment, which, based
upon EDXA data analysis, is a mixture of fluorinated
apatite and calcium fluoride [53].

Deposition of new crystals was observed even
when the studied the dentin samples were immersed
into synthetic saliva for 24 hours [58]. Considering
works [60–64], it can be assumed that the scheme of
prolonged occlusion of dentinal tubules under the
action of acidic solutions of ammonium
hexafluorosilicate is based on the absorption of Ca2+,
F– and PO4

3– ions on silanol groups ≡Si–OH of the
dentin surface enriched with silicon dioxide, followed
by crystallization of fluorapatite and calcium fluoride
as a result of local oversaturation.

Conclusions
Significant progress has been made in the study

of solubility and hydrolytic instability of AHFS, two
important factors in the context of their potential use
as pharmaceuticals. It has been shown that, due to
the high Í-acceptor abilities of SiF6

2– anion [19]
system, Í-bonds in supramolecular structures of AHFS
significantly influence structural characteristics and
macroscopic properties of salts [1,2,26,65,66]. In
particular, the discovered «hydrophobic» influence of

Í-bonds on AHFS solubility [13,18] and the identified
relationships «cation structure vs. solubility» [18,26,29]
can be used to predict changes in aqueous solubility
of AHFS when creating new pharmaceutical
substances. Analogies have been established in the
dissolving ability of the water, the most effective solvent
for ionic compounds, and dipolar aprotic DMSO in
relation to the studied AHFS [42,43]. It has been
suggested that ammonium cations can stimulate the
development of AHFS hydrolysis process because of
the weakening of some Si–F bonds due to the
Í-bonding effects. Obviously, one of the promising
new aspects of studying the properties of AHFS is to
clarify how the mediums’ nature influences the
antibacterial activity of these salts against the multi-
resistant strains of bacteria [67]. The first encouraging
results have been already obtained in this direction
[68].

REFERENCES

1. Gelmboldt V.O., Kravtsov V.Ch., Fonari M.S.

Ammonium hexafluoridosilicates: Synthesis, structures, properties,

applications // J. Fluorine Chem. – 2019. – Vol.221. – No. 5.

– P.91-102.

2. Ouasri A., Rhandour A. Structural, vibrational, thermal,

phase transitions, and properties review of alkylammonium,

alkylenediammonium, and aminoacid hexafluorosilicate salts //

Russ. J. Coord. Chem. – 2021. – Vol.47. – P.502-517.

3. Helmboldt V.O., Anisimov V.Iu . Amoniievi

heksaftorosylikaty: novyi typ antykariiesnykh ahentiv // Farm.

zhurnal. – 2018. – No. 5-6. – P.48-69.

4. Politz A.R., Scott L., Montz H . Ammonium

hexafluorosilicate: a prospective alternative to silver diamine fluoride.

Undergraduate Research Scholars Program. – Texas A&M

Table 8
Degree of hydrolysis for ammonium hexafluorosilicates in 1⋅⋅⋅⋅⋅10–4 M aqueous solutions

Note: * – hydrolysis time is 10 min [51].

Compound α, % (250С)* References 
(NH4)2SiF6 95.6 [50]
(3-HOСН2C5H4NH)2SiF6⋅H2O 91.6 [53]
(4-HOСН2C5H4NH)2SiF6 87.3 [53]
[2-HO(O)CC5H4NH]2SiF6 89.0 [50]
[3-HO(O)CC5H4NH]2SiF6 99.8 [50]
[4-HO(O)CC5H4NH]2SiF6 95.4 [50]
[2-HO(O)CСН2C5H4NH]2SiF6 80.5 [20]
[3-HO(O)CСН2C5H4NH]2SiF6 88.5 [20]
[4-HO(O)CСН2C5H4NH]2SiF6 85.3 [20]
[2,6-(HOCH2)2C5H3NH]2SiF6 96.7 [22]
[2-CH3-3-OH-4,5-(HOCH2)C5HNH]2SiF6 98.0 [22]
(2-Br-6-CH3C5H3NH)2SiF6⋅H2O 93.5 [22]



24

V.O. Gelmboldt

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2024, No. 3, pp. 16-29

University, 2020. Available from: https://hdl.handle.net/1969.1/

189278.

5. Dental caries / Pitts N.B., Zero D.T., Marsh P.D.,

Ekstrand K., Weintraub J.A., Ramos-Gomez F., Tagami J.,

Twetman S., Tsakos G., Ismail A. // Nat. Rev. Dis. Primers. –

2017. – Vol.3. – Art. No. 17030.

6. Oral diseases: a global public health challenge /

Peres M.A., Macpherson L.M.D., Weyant R.J., Daly B.,

Venturelly R., Mathur M.R., Listl S., Celeste R.K., Guarnizo-

Herreno C.C., Kearns K., Benzian H., Allison P., Watt R. //

Lancet. – 2019. – Vol.394. – P.249-260.

7. Experimental and computational approaches to estimate

solubility and permeability in drug discovery and development

settings / Lipinski C.A., Lombardo F., Dominy B.W.,

Feeney P.J. // Adv. Drug Deliv. Rev. – 2001. – Vol.46. –

P.3-26.

8. Lipinski C.A. Rule of five in 2015 and beyond: target

and ligand structural limitations, ligand chemistry structure and

drug discovery project decisions // Adv. Drug Deliv. Rev. –

2016. – Vol.101. – P.34-41.

9. Quantifying the chemical beauty of drugs /

Bickerton G.R., Paolini G.V., Besnard J., Muresan S.,

Hopkins A.L. // Nat. Chem. – 2012. – Vol.4. – P.90-98.

10. Jouyban A. Handbook of solubility data for

pharmaceuticals. – Boca Raton: CRS Press, 2010. – 538 p.

11. Hydrolysis in pharmaceutical formulations /

Waterman K.C., Adami R.C., Alsante K.M., Antipas A.S.,

Arenson D.R., Carrier R., Hong J., Landis M.S., Lombardo F.,

Shah J.C., Shalaev E., Smith S.W., Wang H. // Pharm. Dev.

Technol. – 2002. – Vol.7. – P.113-146.

12. Testa B., Mayer J.M. Hydrolysis in drug and prodrug

metabolism. Chemistry, biochemistry, and enzymology. –

Zurich: Wiley-VCH, 2003. – 780 p.

13. Fazovye ravnovesiya v sistemakh

kremneftorovodorodnaya kislota–benzilamin–voda i

kremneftorovodorodnaya kislota–orto-bromanilin–voda /

Helmboldt V.O., Havrylova L.A., Koroeva L.V., Ennan A.A.

// Voprosy Khimii i Khimicheskoi Tekhnologii. – 2008. –

No. 1. – P.153-155.

14. Davis J.Ò., Rideol E.K. Interfacial phenomena. – New

York: Acad. Press, 1951. – 400 p.

15. Kukushkin V.Yu., Kukushkin Yu.N. Teoriya i praktika

sinteza koordynatsionnykh soedynenii. – L.: Nauka, 1990. –

264 p.

16. Hexafluorosilicates of bis(carboxypyridinium) and bis(2-

carboxyquinolinium) / Gelmboldt V.O., Koroeva L.V.,

Ganin Ed.V., Fonari M.S., Botoshansky M.M., Ennan A.A. //

J. Fluorine Chem. – 2008. – Vol.129. – P.632-636.

17. Interaction of fluorosilicic acid with sulfa drugs.

Bis(sulfathiazolium) hexafluorosilicate: spectral data and crystal

structure / Gelmboldt V.O., Ganin Ed.V., Koroeva L.V.,

Botoshansky M.M., Fonari M.S. // J. Fluorine Chem. – 2010.

– Vol.131. – P.719-723.

18. Hexafluorosilicates of bis(aminopyridinium). The

relationship between H-bonding system and solubility of salts /

Gelmboldt V.O., Ganin Ed.V., Fonari M.S., Koroeva L.V.,

Ivanov Yu.Ed., Botoshansky M.M. // J. Fluor. Chem. – 2009.

– Vol.130. – P.428-433.

19. Steiner T. The hydrogen bond in the solid state //

Angew. Chem. Int. Ed. – 2002. – Vol.41. – P.48-76.

20. Synthesis, crystal structures, properties and caries

prevention efficiency of 2-, 3-, 4-carboxymethylpyridinium

hexafluorosilicates / Gelmboldt V.O., Anisimov V.Yu.,

Shyshkin I.O., Fonari M.S., Kravtsov V.Ch. // J. Fluorine Chem.

– 2018. – Vol.205. – No. 1. – P.15-21.

21. Pevec A., Demsar A. The variations in hydrogen bonding

in hexafluorosilicate salts of protonated methyl substituted

pyridines and tetramethylenediamine // J. Fluorine Chem. –

2008. – Vol.129. – No. 8. – P.707-712.

22. Preparation, structure and properties of pyridinium/

bipyridinium hexafluorosilicates / Gelmboldt V.Î., Ganin Ed.V.,

Botoshansky Ì.Ì., Anisimov V.Yu., Prodan O.V.,

Kravtsov V.Ch., Fonari M.S. // J. Fluorine Chem. – 2014. –

Vol.160. – P.57-63.

23. Synthesis, crystal structure and some properties of 4-

hydroxymethylpyridinium hexafluorosilicate / Gelmboldt V.O.,

Shyshkin I.O., Fonari M.S., Kravtsov V.Ch. // J. Struct. Chem.

– 2019. – Vol.60. – No. 7. – P.1150-1155.

24. Synthesis, structure and anticaries activity of 2-amino-

4,6-dihydroxypyrimidinium hexafluorosilicate / Gelmboldt V.O.,

Anisimov V.Yu., Shyshkin I.O., Fonari M.S., Kravtsov V.Ch.

// Pharm. Chem. J. – 2018. – Vol.52. – P.606-610.

25. Synthesis, crystal structure, IR-spectral data and some

properties of 3,5-diamino-1,2,4-triazolium tetrafluoroborate and

hexafluorosilicate / Goreshnik E.A., Gelmboldt V.O.,

Koroeva L.V., Ganin Ed.V. // J. Fluorine Chem. – 2011. –

Vol.132. – P.138-142.

26. Helmboldt V.O., Koroieva L.V. Rozchynnist u vodi

«onievykh» heksaftorosylikativ z heterotsyklichnymy kationamy

– potentsiinykh antykariisnykh i biotsydnykh preparativ //

Odeskyi Medychnyi Zhurnal. – 2011. – No. 6(128). – P.11-13.

27. Albert A., Sargent E. Konstanty ionizatsii kislot i

osnovsnii. – M.: Khimiya, 1964. – 180 p.

28. Borowiak-Resterna A., Szymanowski J., Voelkel A.

Structure and nitrogen basicity of pyridine metal extractants //

J. Radioanal. Nucl. Chem. – 1996. – Vol.208. – No. 1. –

P.75-86.

29. QSPR models for water solubility of ammonium

hexafluorosilicates: analysis of the effects of hydrogen bonds /

Gelmboldt V., Ognichenko L., Shyshkin I., Kuz’min V. // Struct.

Chem. – 2021. – Vol.32. – No. 1. – P.309-319.

30. Simplex representation of molecular structure as universal

QSAR/QSPR tool / Kuz’min V., Artemenko A.,

Ognichenko L., Hromov A., Kosinskaya A., Stelmakh S.,

Sessions Z.L., Muratov E.N. // Struct. Chem. – 2021. – Vol.32.

–   No. 4. – P.1365-1392.

31. Solubility of non-aromatic ionic liquids in water and

correlation using a QSPR approach / Freire M.G.,



25

Solubility and hydrolysis of ammonium hexafluorosilicates as potential pharmaceuticals (a review)

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2024, No. 3 pp. 16-29

Neves C.M.S.S., Ventura S.P.M., Pratas M.J., Marrruco I.M.,

Oliveira J.O., Coutinho J.A.P., Fernandes A.M. // Fluid Phase

Equilibria. – 2010. – Vol.294. – P.234-240.

32. Tantishaiyakul V. Prediction of the aqueous solubility

of benzylamine salts using QSPR model // J. Pharm. Biomed.

Anal. – 2005. – Vol.37. – P.411-415.

33. Abraham M.H., Le J. The correlation and prediction

of the solubility of compounds in water using an amended solvation

energy relationship // J. Pharm. Sci. – 1999. – Vol.88. – No. 9.

– P.868-880.

34. Precise heteroatom doping determines aqueous solubility

and self-assembly behaviors for polycyclic aromatic skeletons /

Li K., Hu J.M., Qin W.M., Guo J., Cai Y.-P. // Commun.

Chem. – 2022. – Vol.5. – Art. No. 104.

35. The role of hydrogen bonding in water-mediated glucose

solubility in ionic liquids / Kim H.S., Pani R., Ha S.H.,

Koo Y.-M., Yingling Ya.G. // J. Mol. Liq. – 2012. – Vol.166.

– P.25-30.

36. Aqueous drug solubility: what do we measure, calculate

and QSPR predict? / Raevsky O.A., Grigorev V.Y.,

Polianczyk D.E., Raevskaja O.E., Dearden J.C. // Mini-Rev.

Med. Chem. – 2019. – Vol.19. – P.362-372.

37. Grodowska K., Parczewski A. Organic solvents in the

pharmaceutical industry // Acta Pol. Pharm. – 2010. – Vol.67.

– P.3-12.

38. Teagarden D.L., Baker D.S. Practical aspects of

lyophilization using non-aqueous co-solvent systems // Eur. J.

Pharm. Sci. – 2002. – Vol.15. – P.115-133.

39. Kunz C., Gieseler H. Factors influencing the retention

of organic solvents in products freeze-dried from co-solvent

systems // J. Pharm. Sci. – 2018. – Vol.107. – P.2005-2012.

40. Kunz C., Schuldt-Lieb S., Gieseler H. Freeze-drying

from organic co-solvent systems, Part 2: Process modifications

to reduce residual solvent levels and improve product quality

attributes // J. Pharm. Sci. – 2019. – Vol.108. – P.399-415.

41. Farmatsevtychna entsyklopediia. – Nats. farmats.

un-t Ukrainy. – K.: MORION, 2010. – 1632 p.

42. Helmboldt V.O., Shyshkin I.O. Rozchynnist 2-, 3-,

4-karboksymetylpirydyniiu, 2-amino-4,6-dyhidroksypirymidyniiu

ta oktenidynu heksaftorosylikativ // Farm. Chasopys. – 2019. –

No. 1. – P.5-10.

43. Bis(2-, 3-, 4-carboxyethylpyridinium) hexafluorosilicates

as potential caries prophylactic agents / Gelmboldt V.O.,

Lytvynchuk I.V., Shyshkin I.O., Khromagina L.N.,

Kravtsov V.Ch., Fonari M.S. // Arch. Pharm. – 2022. – Vol.355.

– No. 7. – Art. No. 2200074.

44. European Pharmacopoeia, 7th edition. – Strasbourg:

Council of Europe, 2010.

45. Sangster J. Octanol-water partition coefficients:

fundamentals and physical chemistry // J. Phys. Chem. Ref.

Data. – 1989. – Vol.18. – No. 3. – P.1111-1229.

46. Review of alternative solvents for green extraction of

food and natural products: Panorama, principles, applications

and prospects / Chemat F., Vian M.A., Ravi H.K.,

Khadhraoui B., Hilali S., Perino S., Tixier A.-S.F. // Molecules.

– 2019. – Vol.24. – Art. No. 3007.

47. Weak interactions in dimethyl sulfoxide (DMSO)–

tertiary amide solutions: the versatility of DMSO as a solvent /

Mino C.D., Clancy A.J., Sella A., Howard C.A., Headen T.F.,

Seel A.S., Skipper N.T. // J. Phys. Chem. B. – 2023. – Vol.127.

– P.1357-1366.

48. Urbansky E.T. Fate of fluorosilicate drinking water

additives // Chem. Rev. – 2002. – Vol.102. – P.2837-2854.

49. Gelmboldt V.O. Fluorosilicic acid: secondary raw

material and reagent in technological practice and preparative

synthesis (a review) // Voprosy Khimii i Khimicheskoi Tekhnologii.

– 2023. – No. 3. – P.3-21.

50. Reexamination of hexafluorosilicate hydrolysis by
19F NMR and pH measurement / Finney W.F., Wilson E.,

Callender A., Morris M.D., Beck L.W. // Environ. Sci. Technol.

– 2006. – Vol.40. – P.2572-2577.

51. Prodan O.V. Syntez, budova, fizyko-khimichni

vlastyvosti i biolohichna aktyvnist «oniievykh» heksaftorosylikativ:

avtoref. dys. na zdobuttia naukovoho stupenia kand. farm. nauk:

15.00.02 – farmatsevtychna khimiia ta farmakohnoziia. – Lviv,

2017. – 20 p.

52. Bis(2-alkyl-4-thiocarbamoyl-4-pyridinium)

hexafluorosilicates / Gelmboldt V.O., Ganin E.V.,

Minacheva L.Kh., Koroeva L.V., Sergienko V.S. // Russ. J. Inorg.

Chem. –– 2010. – Vol.55. – No. 8. – P.1209-1215.

53. Effects of ammonium hexafluorosilicate concentration

on dentin tubule occlusion and composition of the precipitate /

Suge T., Kawasaki A., Ishikawa K., Matsuo T., Ebisu S. //

Dent. Mater. – 2010. – Vol.26. – No. 1. – P.29-34.

54. Bis(3-hydroxymethylpyridinium) hexafluorosilicate

monohydrate as a new potential anticaries agent: synthesis, crystal

structure and pharmacological properties / Gelmboldt V.O.,

Shyshkin I.O., Anisimov V.Yu., Fonari M.S., Kravtsov V.Ch. /

/ J. Fluorine Chem. – 2020. – Vol.235. – Art. No. 109547.

55. Ammonium hexafluorosilicate salts / Conley B.D.,

Yearwood B.C., Parkin S., Atwood D.A. // J. Fluorine Chem.

– 2002. – Vol.115. – P.155-160.

56. Crystal structure and vibrational spectrum of

N-methylpiperidine betain hexafluorosilicate / Szafran M., Dega-

Szafran Z., Addlagatta A., Jaskolski M. // J. Mol. Struct. –

2001. – Vol.598. – P.267-276.

57. Qu X., Janzen A.F. Silicon–fluorine and silicon–carbon

bond cleavage in organofluorosilicates:   a molecular orbital

study // Inorg. Chem. – 1997. – Vol.36. – No. 3. – P.392-

395.

58. Ammonium hexafluorosilicate elicits calcium phosphate

precipitation and shows continuous dentin tubule occlusion /

Suge T., Kawasaki A., Ishikawa K., Matsuo T., Ebisu S. //

Dent. Mater. – 2008. – Vol.24. – No. 2. – P.192-198.

59. Induction and morphology of hydroxyapatite,

precipitated from metastable simulated body fluids on sol-gel

prepared silica / Li P., Nakanishi K., Kokubo T., de Groat K.

// Biomaterials. – 1993. – Vol.14. – No. 13. – P.963-968.



26

V.O. Gelmboldt

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2024, No. 3, pp. 16-29

60. Biomimetic apatite deposition on polymeric

microspheres treated with a calcium silicate solution /

Leonor I.B., Balas F., Kawashita M., Reis R.L., Kokubo T.,

Nakamura T. // J. Biomed. Mater. Res. Part B: Appl. Biomater.

– 2009. – Vol.91B. – P.239-247.

61. The use of calcium-silicate cements to reduce dentine

permeability / Gandolfi M.G., Iacono F., Pirani C., Prati C.

// Arch. Oral Biol. – 2012. – Vol.57. – P.1054-1061.

62. Prati C., Gandolfi M.G. Calcium silicate bioactive

cements: biological perspectives and clinical applications // Dent.

Mater. – 2015. – Vol.31. – P.351-370.

63. Historical development of simulated body fluids used

in biomedical applications: a review / Yilmaz B.,

Pazarceviren A.E., Tezcaner A., Evis Z. // Microchem. J. –

2020. – Vol.155. – Art. No. 104713.

64. Liu X., Ding C., Chu P.K. Mechanism of apatite

formation on wollastonite coatings in simulated body fluids //

Biomaterials. – 2004. – Vol.25. – P.1755-1761.

65. Extremely short C–H⋅⋅⋅F contacts in the 1-methyl-3-

propyl-imidazolium SiF6 – the reason for ionic «liquid»

unexpected high melting point / Golovanov D.G.,

Lyssenko K.A., Antipin M.Yu., Vygodskii Ya.S.,

Lozinskaya E.I., Shaplov A.S. // CrystEngComm. – 2005. –

Vol.7. – P.53-56.

66. Phase-out-compliant fluorosurfactants: unique

methimazolium derivatives including room temperature ionic

liquids / Hummel M., Markiewicz M., Stolte S.,

Noisternig M., Braun D.E., Gelbrich T., Griesser U.J.,

Partl G., Naier B., Wurst K., Kruger B., Kopacka H., Laus G.,

Huppertz H., Schottenberger H. // Green Chem. – 2017. –

Vol.19. – P.3225-3237.

67. Global burden of bacterial antimicrobial resistance in

2019: a systematic analysis / Murray C.J.L., Ikuta K.S.,

Sharara F., Swetschinski L., Robles Aguilar G., Gray A., et al.

// Lancet. – 2022. – Vol.399. – P.629-655.

68. Antibacterial activity of ammonium hexafluorosilicates:

solvent effect analysis / Bohatu S., Shyshkin I., Litvinchuk I.,

Gelmboldt V., Guenther S., Rozhkovskyi Ya. // Modern

chemistry of medicines: materialy Mizhnarodnoi Internet-

konferentsii «Modern chemistry of medicines». – 18 travnia 2023.

– Kharkiv: NFaU, 2023. – P.17-18.

Received 28.02.2024

ÐÎÇ×ÈÍÍ²ÑÒÜ ² Ã²ÄÐÎË²Ç ÀÌÎÍ²ªÂÈÕ
ÃÅÊÑÀÔÒÎÐÎÑÈË²ÊÀÒ²Â ßÊ ÏÎÒÅÍÖ²ÉÍÈÕ
Ë²ÊÀÐÑÜÊÈÕ ÏÐÅÏÀÐÀÒ²Â (ÎÃËßÄ Ë²ÒÅÐÀÒÓÐÈ)

Â.Î. Ãåëüìáîëüäò

Â îãëÿä³ ïðîàíàë³çîâàíî òà óçàãàëüíåíî ðåçóëüòàòè
ïóáë³êàö³é, ïðèñâÿ÷åíèõ âèâ÷åííþ ðîç÷èííîñò³ òà ã³äðî-
ë³çó àìîí³ºâèõ ãåêñàôòîðîñèë³êàò³â (ÀÃÔÑ). Çàçíà÷åí³
íåîðãàí³÷í³ ñïîëóêè ìàþòü ð³çíîìàí³òí³ ãàëóç³ òåõíîëî-
ã³÷íîãî çàñòîñóâàííÿ, à îñòàíí³ìè ðîêàìè ñòàëè îá’ºêòîì
àêòèâíèõ äîñë³äæåíü ÿê ïîòåíö³éí³ àíòèêàð³ºñí³ àãåíòè.
Ðîçãëÿíóòî õàðàêòåðèñòèêè ðîç÷èííîñò³ ÀÃÔÑ ó âîä³, ìå-
òàíîë³, åòàíîë³ (96%), äèìåòèëñóëüôîêñèä³; îáãîâîðåíî ³ñ-
íóþ÷³ ï³äõîäè äî ³íòåðïðåòàö³¿ îñíîâíèõ òåíäåíö³é ó çì³í³
ðîç÷èííîñò³ ñîëåé çàëåæíî â³ä áóäîâè êàò³îíà. Â³äçíà÷åíî
íåòðèâ³àëüíèé õàðàêòåð íåãàòèâíîãî âïëèâó ì³æ³îííèõ
Í-çâ’ÿçê³â íà ðîç÷èíí³ñòü ó âîä³ ÀÃÔÑ, à òàêîæ íå-
îáõ³äí³ñòü óðàõóâàííÿ ã³äðîôîáíîãî åôåêòó Í-çâ’ÿçê³â ïðè
çä³éñíåíí³ ïîøóêó íîâèõ ôàðìàöåâòè÷íèõ ñóáñòàíö³é ñå-
ðåä ÀÃÔÑ. Êîíñòàòîâàíî âèñîêèé, ÷àñòî áëèçüêèé äî
ê³ëüê³ñíîãî, ñòóï³íü ã³äðîë³çó ÀÃÔÑ ó ðîçâåäåíèõ âîäíèõ
ðîç÷èíàõ, ÿêèé çàáåçïå÷óº åôåêòèâíå âèâ³ëüíåííÿ ôòî-
ðèä-³îí³â – äæåðåëà êàð³ºñ-ïðîô³ëàêòè÷íîãî åôåêòó.

Êëþ÷îâ³ ñëîâà: àìîí³ºâèõ ãåêñàôòîðîñèë³êàòè;
àíòèêàð³ºñí³ àãåíòè; ðîç÷èíí³ñòü; ã³äðîë³ç; ë³êàðñüê³
ïðåïàðàòè.

SOLUBILITY AND HYDROLYSIS OF AMMONIUM
HEXAFLUOROSILICATES AS POTENTIAL
PHARMACEUTICALS (A REVIEW)
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Odesa National Medical University, Odesa, Ukraine
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This review analyzes and systemizes results from publications
on the solubility and hydrolysis of ammonium hexafluorosilicates
(AHFS). These inorganic compounds have a variety of technological
applications and have been actively researched as potential anti-
caries agents in recent years. The characteristics of AHFS solubility
were examined in water, methanol, ethanol (96%), and dimethyl
sulfoxide. Existing approaches were discussed to interpret the
main trends in changes of salts solubility depending on cation
structure. Interionic H-bonds were noted to have a non-trivial
negative impact on the water solubility of AHFS. The hydrophobic
effect of H-bonds also needed to be considered when searching
for new pharmaceutical substances among AHFS. A high, often
close to quantitative, degree of hydrolysis of AHFS was found in
diluted aqueous solution, resulting in an effective release of fluoride
ions with caries-preventive properties.

Keywords: ammonium hexafluorosilicates; anti-caries
agents; solubility; hydrolysis; pharmaceuticals.
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