CHEMISTRY & CHEMICAL TECHNOLOGY

Chem. Chem. Technol., 2020,
Vol. 14, No. 1, pp. 1—6

Chemistry

MIXED LIGAND COMPLEX OF LANTHANUM(III)
AND ALIZARINE-COMPLEXONE WITH FLUORIDE
IN MICELLAR MEDIUM FOR SPECTROPHOTOMETRIC
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Abstract. A technique for direct spectrophotometric
determination of total fluorine in products for oral hygiene
using a mixed ligand complex La(Ill) and alizarin-
complexone with fluoride ion in the presence of a non-ionic
surfactant has been developed. A number of complexes of
different stoichiometry formed in the system has been
found. The La:alizarin-complexone:F™ = 1:2:1 complex was
shown to be used as an analytical form. The complex in the
presence of Tween 80 is characterized by the molar
absorptivity &go = 11000 mol-dm>-cm”. The calibration
curve is linear in the concentration range of fluoride ions
0.06-0.5 pg/ml. A simple, rapid, sensitive, and green
procedure for the spectrophotometric determination of F
using lanthanum alizarin-complexonate in the presence of
Tween 80 was proposed and this technique was tested on
samples of toothpastes and mouth rinses.

Keywords: spectrophotometry, alizarin-complexone,
mixed ligand complex, total fluoride, Tween 80.

1. Introduction

Along with the application of the ionometric
method for determination of fluoride ions, spectropho-
tometric methods are used for the same purposes, which is
associated with the instability of the operation of the
fluoride-selective electrode. The ionometric determination
of fluoride ions is possible in the concentration range from
10* to (10°~107) M (depending on the type of electrode
and the conditions for the determination), and its
selectivity decreases in the presence of hydroxyl, citrate
and oxalate ions. In addition, the precision of ionometric
determination of fluorides is determined by the quality of
the fluoride-selective electrode and the sensitivity of the
potentiometric apparatus [1-5]. The main approaches to
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the spectrophotometric determination of fluorides are
based on their ability to form simple and mixed ligand
complexes with a number of d- and p-elements, but most
of them are indirect [6]. In reactions with colored
complexes of certain high-charge metal ions, for example,
Zr(1V), Th(IV), Fe(Ill), AI(IIT) and Ti(IV) fluoride ions
bind the above ions to strong colorless complexes. For
indirect spectrophotometric determination of fluorides,
Zr(IV) complexes with eriochromocyanine (pH 1, A =
=545 nm), solochromocyanine P (0.05M HCI, 1 =
= 545 nm) and other reagents are used [6]. In all cases, the
determination of F is prevented by sulfates (form
complexes with Zr) and metal ions, which form strong
fluoride complexes. It was found that the most sensitive to
F are thorium complexes with eriochromcyanine P,
xylenol orange, methylene blue, stilbazo. Nevertheless,
the most simple and sensitive are the direct
spectrophotometric methods for determining fluorides. A
number of reagents are described that form colored
complex compounds directly with fluoride ions [8-13].
For selective detection of fluorides, optical sensors based
on pyrazolone derivatives are proposed, where F binds to
the reagent through the hydrazine functional group due to
hydrogen bonds to form an intensely colored compound
[8]. However, these analytical forms could not be applied
in practice. To date, for direct spectrophotometric
determination of F in many cases, mixed ligand
complexes are used, among which the complexes of
lanthanides with alizarin-complexone were most widely
used [14, 15]. Meanwhile, the difference between the
information on the optimal conditions for complex
formation and analytical definition should be noted [6]. In
addition, the formation of a mixed ligand complex in the
AC-La(Il)-F system is long in time, the color of the
analytical form is not stable, which requires the
introduction of organic solvents (acetone, dimethylforma-
mide) or reaction on the surface of the solid phase, in
particular, modified silica [16]. Surfactants are able to act
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as sufficiently universal modifiers of the physico-chemical
properties of polydentant chelating agents. The use of
surfactant micelles as environmentally friendly nano-
reactors allows not only increasing the stability of
complex compounds, but also leads to an increase in the
intensity of their light absorption [17]. To the best of our
knowledge, the use of surfactants to improve the
analytical characteristics of alizarin-complexone mixed
ligand complexes for the determination of fluorides is not
described in the literature.

Thus, the aim of this work is to develop a
technique for direct spectrophotometric determination of
total fluorine in products for oral hygiene using a mixed
ligand complex La(Ill) and alizarin-complexone with
fluoride ion in the presence of a non-ionic surfactant.

2. Experimental

2.1. Reagents

A freshly prepared working solution alizarin-
complexone with the concentration of 1-107 mol-dm™ was
prepared by dissolving the exact sample of the reagent in
distilled water. A solution of La(IIl) (1-10” mol-dm™) was
prepared by dissolving a sample of lanthanum(III) nitrate
in 0.1 mol'dm® HNO; and standardized complexomet-
rically [18]. To stabilize the complexes in solution, a
nonionic surfactant Tween 80 with the concentration of
1-10° mol-dm™ was used. Solutions with lower concent-
rations were prepared by diluting the starting materials.
The necessary acidity was maintained with the help of
acetic acetate buffer solutions or created with solutions of
sulfuric acid and sodium hydroxide. The reagents used in
the work were not lower than analytical reagent grade.

2.2. Equipment

Electronic absorption spectra were recorded on a
spectrophotometer SF-56 (OKB “LOMO-Spectrum”, RF)
in cuvettes with the thickness of the absorbing layer / = 1;
2; 3 and 5 cm in the wavelength range of 380-780 nm.
The acidity of the medium was monitored by means of a
glass electrode ESL-63-07 paired with a silver chloride
reference electrode EVL-IM3 on an ionometer I-160,
calibrated with standard buffer solutions.

2.3. Optimization of Complex Formation
Conditions

To optimize the conditions for carrying out the
complex formation reaction, aqueous solutions of La(III)
and alizarin-complexone with a concentration in the range
of 1-10°-1-10* mol-dm™ were mixed in different molar
ratios, in the pH range of 1-9, and the absorbance was

recorded. The stoichiometry of La(Ill) interaction
products with alizarin-complexone, molar absorption
coefficients and stability constants were established by
standard methods. The composition of the mixed ligand
complexes La(Ill) with alizarin-complexone and fluoride
ions was established by the triple-diagram and saturation
methods by the fluoride ion. Optimization of the geometry
of the proposed complexes was carried out using
molecular mechanics MM+ methods in the software
package HyperChemPro 6.

2.4. Determination of Total Fluorine

Approximately 0.5 g of toothpaste were weighed
and placed in a flask, then 25 ml of distilled water and
25ml of 0.5 mol-dm™ perchloric acid were added. The
flask was connected to a reflux condenser and heated in a
boiling water bath for 1h. After cooling to a room
temperature, the contents were filtered into a 100 ml
volumetric flask and diluted with distilled water. In the
analysis of mouth rinses, an aliquot of the mouth rinse
was taken, transferred to a 100 ml flask and diluted with
distilled water. To construct the calibration curve, 2 ml of
La(III) with the concentration of 1-10” mol-dm™ and 4 ml
of alizarin-complexone with the concentration of
1:10” mol-dm™ were used. Using an acetic acetate buffer,
1 ml of Tween 80 (pH = 5) was added; the solution was
diluted to the mark with distilled water and heated for
15min in a water bath at 333-343 K. The solutions
absorbance was measured at 620 nm relative to the blank
solution (2 ml of La(IIl) solution at the concentration of
1:10”mol-dm™, 4 ml of alizarin-complexone at the con-
centration of 1-10mol-dm™ , 1 ml of Tween 80 with
pH = 5) in a 5cm cell. For spectrophotometric
determination of F~ from an analyte solution, an aliquot
(5ml for toothpastes) was transferred to a 50 ml
volumetric flask. 2 ml of La(IIl) with the concentration of
1-10° mol-dm™, 4 ml of alizarin-complexone with the
concentration of 1-107 mol-dm™ , 25 ml of acetic acetate
buffer and 1 ml of Tween 80 were added and diluted with
water to the mark. In the case of mouth rinses, an aliquot
of 1.5-3.0 ml of mouth rinse was taken from the analyte
solution and transferred to a 100 ml volumetric flask. An
aliquot of the resulting working solution (5 ml) was taken.
2 ml of La(IIl) with the concentration of 1-10 mol-dm>,
4 ml of alizarin-complexone with the concentration of
1-10° mol-dm™ , 25 ml of acetic acetate buffer and 1 ml of
Tween 80 were added and diluted with water to the mark.

The determination was carried out with the
construction of the calibration graph. The concentration of
F was determined by the calibration chart or by the
standard addition method and recalculated in weight
percent.
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3. Results and Discussion

The absorption spectra of alizarin-complexone in
aqueous solution and in the presence of La(Ill), fluoride
and nonionic surfactant Tween 80 in a wide range of
acidity of the medium and concentration of components
were studied. Fig. 1 shows the absorption spectra of the

systems under study.
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Fig. 1. Absorption spectra of the investigated systems.
CLa(HI) =4 10-5 M» Calizarin-complexone = 8'10-5 M»
Cr=1-10°M; /=5 cm

The absorption spectrum of alizarin-complexone
with pH 5 has one wide absorption band at Ay, = 430 nm.
When the La(II)- alizarin-complexone complex is formed
at pH 5.5, a hyperchromic and bathochromic shift of the
absorption band at 120 nm is observed (Am.x = 550 nm). In
turn, the addition of fluorides leads to a bathochromic
shift of the absorption band at 70 nm, which may indicate
the formation of a mixed ligand complex. The
introduction of a non-ionic surfactant Tween 80 into the
system results in a significant increase in light absorption
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Fig. 2. Effect of pH on the formation of La(IIl) complexes with
alizarine-complexone and fluoride ions; Cr,qn) = 4-10° M;
Calizarin-complexone =8 10-5 M» CF: 8'10-5 M» [=2cm

at 620 nm. The maximum absorption is observed at the
concentration of Tween 80 in a solution of 0.02 mmol/l,
which is 1.5 times higher than the critical micelle
concentration [19]. Thus, the system undergoes
solubilization of the multigligand complex in the Tween
80 micelles, which leads to dispersion of the particles in
the solution, increasing the stability of the analytical form
and increasing its molar absorptivity, but does not affect
the position of the absorption maximum.

As can be seen from Fig. 2, the maximum light
absorption is observed at pH 5.5. For convenience, pH 5.5
was then maintained with an acetic acetate buffer solution.

The optimal conditions for the production of the
triple lanthanum-alizarin-complexon-fluoride complex is
pH 5 (Fig. 2) and 15 min of heating in a water bath at
333-343 K (Fig. 3). At higher temperatures, a decrease in
the absorption intensity of the ligand complex is observed,
which is probably related to its destruction.

To determine the composition of the complexes in
the La(Ill)- alizarin-complexone system, classical
spectrophotometric methods were used: isomolar series,
ligand and metal saturation, equilibrium shift, and the
Harvey-Menning slope ratio. For example, Fig. 4 shows
the graphical dependencies of the determination of the
composition of the complex by the Asmus method and the
equilibrium shift. Analysis of the graphical dependences
shown in Fig. 4, as well as other methods listed above,
allow us to state that at pH 5.5 in the La(Ill)-alizarin-
complexone system, one moderately stable 1:2 complex is
formed. The composition of the mixed ligand complexes
was established by the triple-diagram method and the
modified isomolar series method. It is established that two
complexes are formed in the system La(Ill):alizarin-
complexone:F~  of composition 1:2:1 and 1:2:2,
respectively. To confirm the stepwise character of the
complex formation, the ligand saturation method was
used. Thus, taking the ratio of La:alizarin-complexone as
constant, saturation curves were obtained (Fig. 5).

Absorbance

0.1 L L |

0 70 140 210
Time, min
Fig. 3. Effect of temperature and time on the light absorption
of a mixed ligand complex. Cy,qny = 4 105 M;
Calizarin-complexone =8 10-5 M» CF: 6'10-5 M» [=2cm
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Fig. 4. Determination of the composition of the Lanthanum-alizarine-complexone complex
by different methods: the straight line of Asmus (a); equilibrium shifts (b). Craqm = 4 10° M;
Calizarin-complexone =8 10-5 M» [=2cm
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Fig. 5. Saturation in fluoride of alizarin-lanthanum complexonate.
Craam = 410" M; Cac = 8:10° M; Cryan:
Calizarin-complexone =12 =const; [=3cm

Table 1
Analytical characteristics of alizarin-complexone complexes
La(III): alizarin-complexone:F" (molar ratio) A, nm &, mol-dm™cm™ 107
1:2 550 9500 1.6
1:2:1 620 7600 2.6
1:2:17 620 11000 2.9
1:2:2 620 6100 3.1

Note: " in the presence of nonionic surfactant Tween 80.

It can be seen that complexes with fluoride are
formed: at first with the composition of 1:2:1, and then
1:2:2. The main chemical-analytical characteristics of
complex formation products are summarized in Table 1.

According to the data of Table 1, as an analytical
form for the determination of F’, it is rational to use a
mixed ligand complex of 1:2:1 composition, which is

characterized by a high molar absorption coefficient. The
limits of determination (10¢) and detection (30) are equal
to 5.2:10°mol-dm™ (0.10 pg/ml) and 1.7-10°mol-dm’
?(0.03 pg/ml), respectively. The limit for the detection of
fluorides in the form of a mixed ligand complex of La(III)
with alizarin-complexone varies in the range of 0.06—
0.20 pg/ml. For example, in the procedure [20] this value
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is about 0.06 ug/ml. Thus, the reaction in a micellar
medium allows reducing LOD without the introduction of
toxic organic solvents, which corresponds to the principles

of “green chemistry”.

5

Based on the studies carried out and according to
the information on the state of the reagents in aqueous
solutions [21], the following interaction scheme in the

systems under study can be proposed (Fig. 6).
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Fig. 7. Calibration chart for determination of fluoride ion. Craqm = 4 10° M;
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Table 2
Determination of fluorides in oral hygiene products

Analyzed product Found experimentally, % (Relative standard deviation) iziﬁgi(tluk;zrﬂ‘l’f

, /0
Sample 1 | 0.1458+0.009* (0.05) | 0.145320.005** (0.03) | 0.1448+0.009*** (0.05) 0.145
Toothpastes | Sample2 | 0.1442+0.008* (0.05) | 0.142240.007** (0.04) | 0.1432+0.009*** (0.05) 0.145
Sample 3 | 0.14444+0.007* (0.04) | 0.1449+0.009** (0.05) | 0.1441+0.005*** (0.03) 0.145
Sample 1 | 0.0223+0.001* (0.04) | 0.0225+0.001** (0.04) | 0.0222+0.001*** (0.05) 0.0225
Mouth rinses | Sample 2 0.03340.001* (0.04) 0.03420.001** (0.04) 0.035+0.001*** (0.04) 0.033
Sample 3 0.045+0.003* (0.05) 0.04440.002** (0.03) 0.04340.002*** (0.04) 0.045

Notes: * according to the calibration curve; ** standard addition method; *** according to the ISO 11609:2017 Dentistry —

Dentifrices — Requirements,

test methods and marking.
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Based on the recommended analytical form, a
method for spectrophotometric determination of La(IlI)
with alizarin-complexone in toothpastes and mouth rinses
has been developed. The influence of foreign ions on the
mixed ligand complex absorbance was studied and it was
established that ions of Na" and K do not interfere with
the fluoride determination. A number of other ions
interfere with fluorides determination in the following
ratios: 1:1000 (Ca*" and Mg>"); 1:250 (HCO5); 1:100 (CI,
Br); 1:50 (HPO4). The calibration curve (Fig. 7) is linear
in the concentration range of 0.06-0.5 pg/ml.

The proposed method was tested on 3 commercial
toothpastes and 3 mouth rinses. Correctness of the results
was verified by the standard addition method. The results
obtained are summarized in Table 2. The developed
procedure for determination of fluorides is characterized by
a low relative error of determination, not exceeding 5 %.

4, Conclusions

It was found that at pH 5.5, La(Ill) forms one
complex with alizarin-complexone of composition 1:2
(A= 550 nm, & = 9500 mol-dm™-cm™, 8 = 1.6:10°). La(Il),
alizarin-complexone and fluoride ion stepwise form two
mixed ligand com]glexes of 1:2:1 composition
(¢020 = 7600 mol-dm™cm”, B = 2.6:10°) and 1:2:2
(¢620 = 6100 mol-dm™-cm™, B = 3.1:10°). It is shown that
as an analytical form it is expedient to use the La:alizarin-
complexone:F = 1:2:1 complex, which in the presence of
Tween 80 is characterized by the molar absorptivity
g0 = 11000 mol-dm ~cm’1, and the detection and
determination limits of 5.2:10° mol-dm™(0.10 pg/ml) and
1.7-10° mol-dm™ (0.03 pg/ml), respectively. The calibra-
tion curve is linear in the concentration range of fluoride
ions (0.06-0.5) pg/ml. A simple, rapid and sensitive
procedure for the spectrophotometric determination of F
using alizarin - lanthanum complexonate in the presence
of Tween 80 was developed, which was tested on samples
of toothpastes and mouth rinses.
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3MIIIIAHOJITAHIHUM KOMILJIEKC
JIAHTAHY(III) I AJIIBAPUH-KOMIIJIEKCOHY
3 ®JIYOPHUJIOM B MILEJIAPHOMY CEPEJOBUIII
JJISI CHEKTPO®OTOMETPUYHOI'O
BU3HAYEHHS 3AT AJIBHOI'O ®JIYOPY

Anomauyin. Pospobneni memoouku npsamoeo Cchekmpo-
PomomempudHO0 BUSHAYEHHS 3A2ANILHOZ0 PIyOpY ¥ NPOOYKMAax
sl 2iciEcHU  NOPOJICHUHU POMA 3 GUKOPUCIAHHAM 3MIUUAHONI-
eanonoeo komnnexcy La(lll) ma anizapun-xomnnexcony 3 ¢nyopuo-
HHOHAMU Y NPUCYMHOCMI HEIOHHOT NOBEPXHEBO-AKMUBHOI PEUOSUHU.
Bemanoeneno, wo y cucmemi ymeoproemucsi psi0 KOMNIEKCI8 pizHoOl
cmexiomempii ma noKazamo, wo K AHALiMudHy Gopmy OOYilbHO
BUKOpUCIMOBYBAMY KOMNIEKC cKaady —La:anizapun-komniexcon: F
= [:2:1, axui y npucymnocmi Tween 80 xapaxmepuzyemucs
MONAPHUM KoeiyicHmom noanunanus s = 11000 morb-onem,
Tokazano, wo kanibpysanvhuil epagix € JHIUHUM 6 OlanazoHi
Konyenmpayit  gayopuo-vionie  0,06-0,5 mxe/mn. 3anpononosano
npocmy, WGUOKY ma yymiugy MemoouKy Oisl CneKmpogomo-
MempuuHo20 eusHauenHs F 3 eukopucmanHam anizapun-komn-
nekconamy nawmany 6 npucymuocmi Tween 80, sxy 6yno
anpo608ano Ha 3pazkax 3yOHUX nNAcm ma ONONICKY8aYax pomoeoi
NOPOICHUHU.

Knrouoei  cnosa:  cnexmpogomomempis,  anizapun-
KOMNJLEKCOH, 3MiuanonieanOnuil komniexc, gayop, Tween 80.



