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Abstract

Using the methods of XRD phase analysis, Raman and IR spectroscopy, thermogravimetry and chemical
analysis the process of bismuth (III) citrate precipitation was investigated concerning the solutions of
perchloric acid, nitric acid and hydrochloric acid under adding thereto a solution of citric acid or trisodium
citrate. Conditions were determined with respect to the formation of compounds BiC¢H;0,, BiOCH;0O, [H,O
and Biz(OH),(C¢H;0,), [6H,0. It was demonstrated that bismuth (III) citrate such as BiCzH;0, used in medicine
for the synthesis of pharmaceuticals and in microbiology the production of bacterial preparations are
appropriate to obtain via the precipitation from nitric acid solutions from manufacturing bismuth compounds
with adding citric acid; the molar ratio between citrate ions and bismuth ions in the solution should be equal

to 1.1-1.2, the process temperature being of (60+5) °C.
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INTRODUCTION

For the last time, pharmaceutical prepara-
tions based on bismuth citrate are widely used
in medicine for treating the diseases of the gas-
trointestinal tract [1]. As a pharmacopoeia drug
one mainly uses bismuth citrate BiCzH;O,, the
main component of pharmaceuticals for the
treatment of the stomach and duodenum ul-
cer (De-Nol from Yamanouchi Europe, the
Netherlands; Pylorid from GlaxoWellcomeOp-
erations, United Kingdom; Tribimol from Tor-
rent, India). Within the acidic environment of
the gastrointestinal tract, these preparations use
to form a protective film on the surface of ul-
cers and erosions, which promotes cicatrization
and protects against the action of gastric juic-
es. They exert a bactericidal effect on bacteria
Helicobacter pylori, those in some cases cause
the emergence of chronic gastritis and stom-
ach ulcer recurrence. Bismuth (III) citrate is also
used for the preparation of nutrient media in
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the course of producing a bacterial prepara-
tion bismuth sulphite agar that generates a
strongly selective medium for the isolation of
Salmonella.

Citric acid salts alongside with its salts (cit-
rates) is widely used in the pharmaceutical and
food industry (E330). Being a tribasic weak or-
ganic hydroxy acid, it is capable of forming
various complexes with metal ions. The litera-
ture describes different designs of bismuth
compounds with citric acid. It was demonstrat-
ed [2] that bismuth can be precipitated as a
compound such as (BiOH);(CzH;0;), from the
solution of lactic and acetic acids solution at a
molar ratio between bismuth oxide and citric
acid being equal to 1:1. Bismuth citrate
BiC4H;0,; was obtained via adding a solution
of bismuth nitrate to a solution of ammonium
citrate, with further heating the mixture us-
ing a steam bath [3], as well as via reacting
the solid basic bismuth nitrate with a solution
of citric acid at the process temperature
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(60=10) °C [4]. It was found that bismuth cit-
rate BiC;H;0, [H,O is produced in the form of
a precipitate in the course of adding a solution
of citric acid into a bismuth-containing solu-
tion prepared via dissolving bismuth nitrate in
glacial acetic acid as well as via the reaction
between bismuth oxocarbonate or hydroxide
with a solution of citric acid under boiling [5].

The main industrial method for the prepa-
ration of bismuth compounds, both with or-
ganic and inorganic anions, consists in hydro-
lytic precipitation. In order to study the com-
positions of bismuth compounds under precip-
itation it is appropriate to use perchloric acid
solutions wherewith bismuth does not form com-
plexes with perchlorate ions. In the course of
diluting such solutions with water, unlike bis-
muth salts solutions in other of mineral acids
(such as sulphuric, nitric, hydrochloric acid),
there is no formation observed concerning the
precipitates of mixed bismuth hydroxo com-
plexes containing the anions of mineral acids.
From a practical standpoint, of interest are ni-
tric acid solutions commonly used in industry
for the preparation of bismuth compounds, as
well as hydrochloric acid solutions used in the
hydrometallurgy of bismuth [6].

This paper presents the results of studying
the processes of bismuth (III) citrate precipi-
tation from the solution of perchloric acid, ni-
tric acid and hydrochloric acid, the influence
of citrate ion concentration, temperature and
pH upon the precipitation level of bismuth
(III), as well as upon the composition of the
precipitation products.

EXPERIMENTAL

In the experiments we used chemical purity
or mineral acids, salts and alkali. The initial so-
lutions of perchloric acid (940 g/L) nitrate (296
g/L) and chloride (230 g/L) were prepared via
dissolving special purity 13-3 grade bismuth
oxide in perchloric acid, nitric acid or hydro-
chloric acid, respectively, with the concentra-
tion of 6 mol/L. Precipitates obtained after add-
ing citric acid or trisodium citrate solution to
bismuth-containing solutions, were separated
from the mother liquor by filtration, washed
with distilled water and dried in air. The bis-

muth content in the solutions and precipitates
was determined using a photocolorimetric tech-
nique and in the presence of KI with the help
of a KFK-2 spectrophotometer. The product of
precipitation was preliminary dissolved in ni-
tric acid (1 : 1). The determination of citric acid
and nitric acid anions in the solid reaction prod-
ucts was carried out after preliminary treating the
precipitates with 2 M NaOH solution at 70—90 °C.

The concentration of nitrate ions was de-
termined with the use of voltammetric meth-
od on a renewable copper electrode [7], the con-
tent of citrate ions was determined using a
permanganatometric titration technique [8]. The
carbon and hydrogen content in the samples
synthesized was determined at the Laboratory
of Microanalysis of the Multi-access Chemical
Service Center of the SB RAS (Novosibirsk)
using a modified Pregl method with a gravi-
metric analysis finishing. The X-ray diffraction
phase analysis (XRD) of the reaction products
was performed using a DRON-3 diffractome-
ter, CuK, radiation. The rotation rate of the
detector was equal to 0.5 deg/min. The differ-
ential thermal analysis (DTA) and thermogravi-
metric (TG) curves for the samples were regis-
tered using a MOM derivatograph (Hungary)
in air at a heating rate ranging within 5—10 °C/
min. The IR absorption spectra (400—4000 cm™
1y were registered using a Specord 75 IR spec-
trophotometer. The samples were prepared in
the form of tablets with calcined KBr. The so-
lution pH values were measured using a OP-
264/1 pH meter (Hungary) with a glass elec-
trode or a renewable solid electrode.

RESULTS AND DISCUSSION

Bismuth is present in dilute perchloric acid
solutions at the concentrations less than 1 107

3-x
x ’

mol/L in the form of mononuclear Bi(OH)
where x = 0—4. Increasing the total concentra-
tion of bismuth in the solution leads to the for-
mation of polymeric hydroxo complexes. Study-
ing the polynuclear species of bismuth (III)
hydroxo complexes [9] demonstrates that at the
pH values ranging within 1.0—2.0 commonly
used for the hydrolytic processing of bismuth-
containing solutions one can observe the for-
mation of hexanuclear complexes such as
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Fig. 1. Level of bismuth precipitation (R) depending on
the molar ratio between citrate ions and bismuth (n) in
solution: 1, 2 — HCIO, (H;Cit); 3, 5 — HNO; (Na;Cit);
4 — HNO; (H,Cit); 6 — HCl (NayCit); temperature (°C):
22 (2, 5) and 60 (1, 3, 4, 6).

Bi,(OH){; . Changing the acidity of the solution
up to pH > 3.0 results in the formation of com-
plexes with a high polymerization level such as

Bi,(OH);;, Bi,(OH);;, Bi,(OH);; . In the course
of more recent studies using X-ray diffraction

[10] and NMR investigations [11], it was found
that the hexanuclear complex exhibits the com-
position corresponding Bi,O,(OH)S" .

The studies performed concerning the pre-
cipitation of bismuth citrate from bismuth-con-
taining perchloric acid solutions (Fig. 1) indicate
that the addition of citric acid at the process
temperature values equal to 20 and 60 °C at a
molar ratio between citrate ions and bismuth
n = 0.28—0.7 results in the complex destruction
with bismuth citrate precipitation in the form
of X-ray amorphous compound such as
Biz(OH)4(CeH;0,), (BH,O (Fig. 2, curve 1). The
precipitation level of bismuth at n = 0.7 is equal
to approximately 96 %. The precipitate has the
following composition (calculated values being
presented in parentheses) (%): bismuth 55.70
(56.47), citrate ions 33.57 (34.07), carbon 12.41
(12.98), H 1.70 (1.73); the molar ratio between
citrate ions and bismuth in the precipitate n =
(0.67=0.01). The compound with the same value
of m was earlier obtained via the precipitation
of bismuth the from the solutions of acetic and
lactic acids, and was assigned with a formula
(BiOH)4(C34H;04), [2], whereas compound
[Big(OH)4(CsH50;),], was registered in Russia by

Yamanuchi Europe Company as a drug sub-
stance used in the preparation of an antiulcer
preparation (De-Nol) [12].

Increasing the concentration of citrate ions
in the system results in increasing the level of
bismuth precipitation to reach the value equal
to 99.8—99.9 % within the range of n = 1.0—
2.3. When the process temperature amounts to
(22+2) °C, the bismuth precipitation occurs in
the form of compound such as BiOC4H,0, [H,O
that exhibits diffraction maxima with d/n the
values equal to 10.26, 5.63, 4.64, 3.92, 3.37,
2.11 A (see Fig. 2, curve 2). The precipitate has
the following composition (calculated value be-
ing presented in parentheses) (%): bismuth 48.38
(48.14), citrate ions 43.82 (44.03), carbon 16.70
(16.60), H 1.88 (2.09); n = (0.98%+0.03). The com-
pounds of similar composition can be precipi-
tated via the addition of gallic [13], benzoic
acid [14] or salicylic [15] acids to bismuth-con-
taining perchloric acid solutions. In the case of
performing the process at a temperature of
60 °C in the range n = 1.0—2.3 under investiga-
tion, one can observe bismuth to precipitate in
the form of compound such as BiC4H;O, that

10 20 30 40 50 60
20, deg
Fig. 2. Diffraction patterns of different bismuth citrate samples:
1 - BiC¢H;O0,, 2 - BiOCyH,0,H,0, 3 -
Big(OH)((CsH50;) [BH,O.
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exhibits diffraction maxima with d/n values
equal to 9.12, 459, 4.04, 3.08, 2.10 A (see Fig. 2,
curve 3). The precipitate has the following com-
position (calculated value being presented in
parentheses) (%): bismuth 51.62 (52.50), citrate
ions 46.24 (47.50), carbon 17.88 (18.10), H 1.20
(1.27); n = (0.99+0.02). It should be noted that
the compound of this composition could also
be obtained in the course of carrying out the
process at a room temperature with further
heating the pulp up to 60 °C.

According to XRD, the precipitation of bis-
muth from nitric acid solutions without citrate
ions at the process temperature equal to 22 °C
results in the formation of basic nitrate such
as [BigO,4(OH),J(NO,)s [HH,O, whereas at 60 °C
compound [BizgO,(OH),]J(NO;)s [H,O is observed
to be formed [16, 17]. At the temperature val-
ues of 22 and 60 °C and the molar ratio be-
tween citrate ions and bismuth in the system
n < 0.7, bismuth is precipitated in the form of
a compound such as Big(OH)4(CsH;0,), LBH,O.
When the process temperature is equal to 22 °C
at n = 1.0—2.5 the precipitate represents of bis-
muth oxocitrate monohydrate BiOCzH,;0, [H,0,
whereas at the temperature of 60 °C bismuth
citrate is formed.

From the data presented in Fig. 1 one could
see that in the course of the precipitation from
nitric acid solutions one can observe the pre-
cipitation level of bismuth to increase with in-
creasing the temperature (see Fig. 1, curves 3
and 5). The latter is caused by the fact that the
complex formation between bismuth and ni-
trate ions occurs mainly according to exother-
mic reactions [18]. As a consequence, in the
course of increasing the temperature there oc-
curs decreasing the level of bismuth complex-
ation with nitrate ions and thus there is ob-
served increasing the bismuth recovery into the
precipitate in the form of citrate. Furthermore,
in the case of bismuth precipitation from ni-
tric acid solutions when sodium citrate is used
as a donor of citrate ions instead of citric acid
(see Fig. 1, curves 3 and 4) the level of bis-
muth precipitation demonstrates an increase,
which could be caused by decreasing the con-
centration of hydrogen ions in the solution. It
should be noted that in the case of using sodi-
um citrate at n = 1.1 the precipitation of bis-
muth citrate begins to occur in the form of
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Fig. 3. IR absorption (a) and Raman (b) spectra for citric
acid and for products of bismuth precipitation:
1 - C¢HO, H,0, 2 - BiC4H;0,, 3 — BiOC4H,0O, [H,O0,
4 — Big(OH)4(C¢H;0,), [BH,0.
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sodium salt, both at a room temperature and
at elevated temperature values.

As far as the solutions of hydrochloric acid
are concerned, as it is indicated by XRD data,
in the case when n = 0.3—1.2 and trisodium
citrate is used, the bismuth can be precipitated
therein only in the form of oxochloride BiOCIl.
Increasing the n value up to to 2.3 produced
results in the formation bismuth citrate sodium
salt.

Thus, in the course of bismuth precipita-
tion from perchloric acid and nitric acid solu-
tions depending on the ratio between citrate
ions and bismuth in the system and the process
temperature there occurs the formation of three
compounds: BiC4H;0O, (I), BiOC;H,0, [H,0 (II)
n Biz(OH)s(C¢H;0,), (BH,O (III). We draw the
conclusions concerning the composition of the
compounds obtained both basing on chemical
analysis data, XRD studies, and basing on the
results of IR and Raman spectroscopy as well
as thermogravimetric analysis.

The features of the structure of bismuth
citrates were judged by data resulting from the
analysis of IR absorption spectra and Raman
spectra (Fig. 3). The assignment of characteris-
tic bands in the spectra was performed via com-
paring with the spectra of citric acid and cit-
rates of other metals [19, 20]. The spectra of
bismuth citrate exhibit appearing the bands
V,(COO") inherent in the asymmetric stretch-
ing vibrations of carboxylate groups at 1592
and 1516 cm ™! (IR) (I), 1579 and 1516 cm™* (RA-
MAN) (I); 1675, 1642 and 1533 cm™! (IR) (II),
1680, 1638 and 1532 cm™' (RAMAN) (II); 1558
(IR) (III) and 1559 cm™! (RAMAN) (III), as well
as symmetrical vibrations v,(COO™) inherent in
carboxylate groups at 1424 cm™! (IR, Raman)
(I, II), 1391 em™ (IR) (IIT) and 1402 cm™! (RA-
MAN) (III). In addition, the carbonyl stretch-
ing bands V(C=0) at 1739 cm™' (IR, Raman)
present in the spectra of the initial citric acid
[21] are observed to disappear, which corre-
sponds to transforming the carboxyl groups into
the anionic form. The difference between the
symmetric and asymmetric stretching vibrations
A(v,— V. )COO™ in the spectra of compounds I
and III, does not exceed 170 em™!, which indi-
cates that there occurs a predominantly biden-
tate coordination of the citrate anion, where-
as the spectrum of compound II exhibits the

maximum value of the mentioned difference
equal to 250 cm™L.

This indicates that some of the carboxyl
groups of citric acid are either free or coordi-
nated with respect to Bi*" in a monodentate
manner. The spectrum of compound I exhibits

valence vibrations V(OH) of free hydroxyl

x7.000 10 pm

Fig. 4. Micrographs obtained for the samples of bismuth
hydroxycitrate hexahydrate (a), oxocitrate monohydrate
(b), and citrate (c).
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groups inherent in citric acid as a strong nar-
row band at 3452 cm™! in the IR mode and a
very weak band (3455 ecm ™) in the Raman mode.
There are no vibrations observed correspond-
ing to water molecules. In citrates II and III
within the range below 3500 cm™ exhibit broad
absorption bands those are masking V(OH) (free
hydroxy group) and belong to the stretching
vibrations of bound water molecules. Furthermore,
a wide absorption band at 2700—2200 cm™* in the
IR spectrum of compound II can be caused,
to all appearance, by the presence of intermo-
lecular hydrogen bonds [11].

Figure 3, b demonstrates the Raman spectra
of citric acid for compounds I, IT and IITI within
the wave number range of 1500—1800 cm ™. The
spectrum of citric acid distinctly exhibits
narrow absorption bands at 1736 and 1693 cm ™!,
as well as a less intense band at 1634 cm™. The
first two bands correspond to the stretching
vibrations V(C=0) of the central and lateral
carboxyl groups, respectively. These bands are
used to determine the coordination between the
citric acid carboxyl groups —COOH and the
metal atom. Curve 2 demonstrates shifting the
signal from 1736 to 1575 em™!, which indicates
binding between the —COOH central group and
the bismuth ion. As well, shifting the absorption
band from 1693 to 1550 cm™! and its broadening
are observed, which, to all appearance, might
be explained by coordination between the two
lateral carboxyl groups with ion Bi** ion. Shifting
the band from 1634 to 1514 cm™! and increasing
its intensity could be connected with increasing
the electron density at the complex cation in
the system that corresponds to the bismuth
atom with a high electron density [22]. Shifting
the bands from 1736 to 1639 cm™! (Av,, = 97
em™) and from 1693 to 1603 cm™ (Av, = 90
em™!) with a decrease in the intensity values
(see Fig. 3, b, curve 3) is, to all appearance,
indicative of different coordination between
citric acid carboxyl groups and the bismuth
atom. As well, shifting the absorption band is
observed from 1639 to 1532 cm ™!, in a similar
manner as the Raman spectrum of compound I.
In the case of compound III (see Fig. 3, b, curve
4) all of the absorption bands are shifted and
to a considerable extent broadened, which could
be connected with a complex polynuclear
structure of the compound.

The electron microscopic studies (Fig. 4) in-
dicate that the normal bismuth citrate repre-
sents aggregates up to 10 um in size composed
of fine crystals about 0.1 pm in size. The sam-
ples of bismuth oxocitrate monohydrate rep-
resent elongated prismatic crystals up to 15 pm
in size, being from 0.5 to 3 pm in cross section.
Bismuth hydroxocitrate hexahydrate is com-
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Fig. 5. Thermographic profiles for the samples of BiC¢H;O,
(a), BiOCzH,O, H,0 (b), Biz(OH)4(C¢H;0,), (BH,0 (c) in
air. Sample weighed portion being equal to 200 mg.
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Fig. 6. Heating for compounds I (a), IT (b), III (c): 1 — TG;
2 — DSC at a heating rate of 2.5 °C/min. Sample weighed
portion being equal to 1.5 g.

posed of aggregates with the size up to 5 plm con-
sisting of small amorphous particles of 0.1-0.5 pm
and individual particles of the mentioned size.
The data obtained from DTA and thermo-
gravimetric (TGA, DTG) analysis (Figs. 5, a and
6, a) indicate that the normal bismuth citrate
BiC4H;0, is stable till the temperature amount-
ing to 200 °C, where after the citrate ion be-
gins to decompose (exothermic effects at 330
and 400 °C, accompanied by mass loss) with the
further formation of bismuth oxide (III). The
endothermic effects at 730 and 820 °C corre-
spond to the polymorphic transformation of
monoclinic modification a-Bi,O; into face-cen-
tred cubic high temperature modification (-
Bi,O; that is stable up to the melting point of
oxide observed at 824 °C (endothermic effect
at 810—850 °C) [23]. Calculated values of mass
loss (41.47 %), connected with the decomposition
of BiC4H;O, with producing Bi,Os;, and are in a
good agreement with the values found (41.2 %).
The process of compound II decomposition
(see Fig. 5, b) begins with the removal of one

molecule of water (endothermic effects at 125
and 180 °C), the mass loss in this case is equal
to 4.2 %. With increasing the temperature, re-
moving the second molecule of water occurs
with the formation of bismuth citrate
BiC4H;0,, which is indicated by X-ray diffrac-
tion data. The exothermic effects at 300 and
375 °C correspond to the destruction of citrate
ion, and to the formation of bismuth oxide. The
calculated values of the mass loss are equal to
46.33 %, the found values being of 45.9 %. The
removal of water molecules from compound IIT
is realized via one stage at a temperature of 125 °C
being accompanied by a mass loss equal to 4.4 %,
which corresponds to six molecules of water. The
calculated mass loss value for the mentioned com-
pound is equal to 4.87 %, the found value being
of 4.6 %. From the data of Fig. 5 one could see
that the heating of the samples in all the cases is
finished by forming bismuth oxide, i. e., the bis-
muth oxide could be obtained via bismuth citrate
thermal decomposition.

CONCLUSION

Thus, bismuth can be precipitated from per-
chloric acid and nitric acid solutions in the form
of three compounds different in composition
depending on the concentration of citric acid
added to the system and the process tempera-
ture. In the course of the precipitation from
the bismuth solutions in nitric and perchloric
acids with adding thereto the solutions of cit-
ric acid or sodium citrate at the temperature
values amounting to (22+2) and (60+2) °C at a
ratio between citrate ions and bismuth n < 0.7
the bismuth was precipitated in the form
of an X-ray amorphous product
Bis(OH)4(C¢H50,), [(BH,0. At the process tem-
perature equal to (22+2) °C and at a molar ra-
tio between citrate ions and bismuth (III) in the
solution n = 1.0 bismuth is precipitated in the
form of compound BiOC H,O, [H,O, whereas
at (60=+5) °C the composition the compound pre-
cipitated is presented as BiCzH;O,. It is dem-
onstrated that the normal bismuth (III) citrate
BiC4H;0,, used in medicine and microbiology,
is appropriate to obtain via the precipitation
from bismuth-containing solutions through add-
ing citric acid or sodium citrate thereto at a
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molar ratio between citrate ions and Bi** in so-
lution n = 1.0—1.2 and at the process tempera-
ture amounting to (60+5) °C.
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