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Abstract

Background: Zinc is an important trace mineral in human body, therefore development of new methods for zinc determination in drugs is an actual task.
Material and methods: Assay of standard solutions of zinc ions and solutions of ointments to be analyzed was performed automatically using the titrator
TITRION, which recorded, then displayed on the screen each amperometric titration curve. The titration curves had a sudden break in the current
intensity at the equivalence point, caused by anodic oxidation of the titrant and cathodic reduction of H* at pH 3 - 4. The stoichiometry of Zn** ion
sedimentation reaction with [Fe(CN),]* ions was studied and confirmed in the presence of the background electrolyte and the ZnO calculation formulas
in the analyzed ointments were deduced.

Results: Two different ointment masses were weighed for the Zoxitin ointment and the separate calculation results were 0.4172+0.0051 g/g and
0.4212+0.0051 g/g of ointment, and in the zinc oxide ointment w(ZnO) was 10.208+0.078 %.These results were compared with the results of ZnO
analysis in ointment by the classical complexometric titration method. For the Zoxitin ointment m(ZnO) was 0.4223+0.007 g/g of ointment, and for the
ointment with ZnO w(ZnO) was 10.18+0.11%.

Conclusions: An automatic amperometric titration method was developed to quantify ZnO in ointments. The method is based on the sedimentation
reaction of zinc ions with potassium ferrocyanide solution in presence of acetate buffer solution as background electrolyte.
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Introduction stance of 400 mg/g of ointment and the ZnO ointment pre-
pared by the pharmacy of Nicolae Testemitsanu State Uni-
versity of Medicine and Pharmacy, the Republic of Moldova
with the ZnO mass fraction of 10 %.

Laboratory vessels: volumetric flasks with different
capacities, conical flasks and beakers with capacities of
50 and 100 ml, two DAPpette automatic pipettes with ca-
pacities of 100 — 1000 ul and 1000 - 5000 pl. The masses
of the ointments to be analyzed, the masses of ZnO and
K,[Fe(CN),]-3H,0 samples used for the preparation of the
analyte and standard solutions were weighed into conical
flasks or glass vials using the RADWAG AS 110.RI balance.

For the determination of ZnO in the nominated oint-
ments, the automated amperometric titration kit named

Zinc is a vital element for a healthy immune system, hav-
ing an important role for cell growth, cellular metabolism
promoting healthy growth in childhood, increasing resis-
tance to infections and wound healing. Medicines with zinc
content are usually for internal or external use. Zinc can also
be found in preparations for ophthalmic use or in solutions
for parenteral use in total parenteral nutrition.

Topically used, zinc-containing preparations exhibit
emollient, anti-inflammatory, antiseptic and protective ac-
tion. It contributes to the reduction and elimination of local
manifestations of exudation, inflammation and irritation.

In this context, the elaboration of the methods of quanti-
tative analysis of zinc in order to ensure the quality of phar-

maceutical forms remains current.

Material and methods

The Zoxitin ointment (manufacturer Farmaprim, the
Republic of Moldova) containing ZnO as the active sub-

titrator TITRION (manufacturer ECONIS EXPERT, Rus-
sia) was used in the titration curve recording mode. This
titrator is designed to perform automated volumetric assay
of solutions, in which oxido-reduction processes take place,
using amperometric method based on the measurement
of the current intensity in the circuit of a system of two Pt
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electrodes to the application of an external voltage. The gen-
eral aspect of this automated amperometric titration kit is
shown in fig. 1.

Fig. 1. External appearance of the kit for automatic
amperometric titration - titrator TITRION.

1 - beaker with the titrant solution, 2 - the case of titrator
TITRION, 3 - pump tube, 4 - peristaltic pump, 5 - electrode
system, 6 — beaker with solution to be analyzed, 7 - magnetic

stirrer, 8 - liquid analyzer EXPERT-001, 9 - balance.

The ”brain” of this titrator is the liquid analyzer EX-
PERT-001, which contains programs for assay, measuring
the current intensity (tA) and the solution fractions (ml) of
the titrant added to the analyte solution over certain time
intervals (s), announces the end of the titration, displays the
value of the current intensity and the total volume of the
titrant consumed for quantitative determination, records
and displays on the screen the titration curve, which is pro-
cessed by the operator to determine the titrant equivalence
volume [1].

Preparation of solutions

All the solutions used in the study were prepared from
the reagents, classified as "chemically pure”, but the potas-
sium ferrocyanide was recrystallized from the saturated
aqueous solution upon addition of ethanol [2].

Standard and auxiliary solutions

ZnO standard solutions with molar concentrations equal
to 0.005 mol/l and 0.01 mol/l were prepared in the study as
follows. ZnO masses equal to 0.1017 g and 0.1627 g, respec-
tively, were quantitatively passed into 250 ml and 200 ml vol-
umetric flasks, and 4.0 ml of solution with c(HCl)=2 mol/l
were added. The ZnO masses were dissolved, the solutions
were diluted with distilled water up to the mark and ho-
mogenized. The solution with c(HCl)=2 mol/l was prepared
from fixanal (c(HC1)=0,1 mol/dm?).

In the automatic amperometric titration method as the
titrant in the studying of the stoichiometry of the Zn**ion
sedimentation reaction as well as to determine ZnO in the
analyzed ointments, potassium ferrocyanide solutions with
molar concentrations equal to 0.01 mol/l and 0.04 mol/l
were used. These solutions were prepared by calculating, ac-
curately weighing the masses of these samples of complex

salt of K [Fe(CN)]-3H,0, which had been quantitatively
passed into a 50 ml volumetric flask, dissolved, diluted with
distilled water to the mark and homogenized. The titrant so-
lutions were used on the day of their preparation.

Zinc oxide in the solutions for the analysis of the oint-
ments was quantitatively determined by the complexomet-
ric titration method. In this method, the disodium salt of
EDTA, which is a crystalohydrate, used in general formula
Na,H,Y-2H,0 [3-5], is used as the primary standard and is
also called disodium edetate [5]. Standard solutions with
¢(1/2 Na,H,Y)=0.05 mol/l and c(1/2 Na,H Y)=0.1 mol/l
were used in the analysis. The first solution was prepared by
accurately weighing the calculated sample of Na,H)Y-2H,O
crystalohydrate with a mass of 0.9306 g, which was quan-
titatively passed into a 100 ml volumetric flask, dissolved,
diluted to the mark with distilled water and homog-
enized. The second solution was prepared from fixanal
(c(1/2 Na,H,Y-2H,0)=0.1 mol/l).

Auxiliary solutions were also used in the study. All
quantitative determinations in the automatic amperomet-
ric method were performed in the presence of acetate buf-
fer with different pH values, which was used as background
electrolyte. These solutions were prepared by mixing the
sodium acetate solution containing a constant mass of
Na(CH,COO0)-3H,0, with different volumes of concentrat-
ed CH,COOH acid solution.

In the complexometric titrations to maintain pH=10,
the ammonia buffer solution was used. This solution was
prepared as follows. Ammonium chloride with mass of
5.4 g was dissolved in a minimum volume of distilled water,
35 ml concentrated NH, solution was added thereto and di-
luted with distilled water to 100 ml of buffer solution. The
volume of the titrant in this method was measured using a
2.00 ml microburette.

The pH of the analyzed solutions was measured using
the I-160M ionometer, connected with a glass indicator
electrode and a silver-silver chloride reference electrode.

Preparation of Zoxitin ointment solution to be ana-
lyzed

In a 100 ml conical flask, about 0.2 - 0.3 g (exact mass of
ointment), 4.0 ml of solution with c(HCI)=2 mol/l and 25 ml
distilled water were added. The conical flask was installed on
a hot asbestos plate, and the solution was heated to boiling
temperature, kept near this temperature, and shaken until
the entire ointment base together with ZnO dissolved. The
solution was cooled then under the tap, filtered, the filtrate
was taken up in a 200 ml volumetric flask. The conical flask
and the filter were washed 2 - 3 times with 15 — 20 ml of
distilled water, then the solution in the volumetric flask was
diluted with distilled water to the mark and homogenized.

The solution to be analyzed of ZnO ointment prepared
in the pharmacy of the Nicolae Testemitsanu State Univer-
sity of Medicine and Pharmacy was prepared analogously to
the Zoxitin ointment solution except that about 1 g (exact
mass) of the ointment was taken for the assay.
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Results and discussions

The previous publications [6-10] have been devoted
to the elaboration, completion and masking of interfering
ions in the quantitative determination of Zn in different
electrolytes by the amperometric titration method with
K,[Fe(CN),] solution. For this, anodic oxidation of titrant
excess and background electrolytes with different composi-
tion and concentrations were used, as well as the composi-
tion of the sediment, formed during assay, was all different
[6].

The information about an amperometric titrator devel-
oped by ECONIS EXPERT for didactic purposes was pub-
lished in the indication [11]. The titrator is equipped with
two Pt indicator electrodes. Zn assay was performed with
K,[Fe(CN) ] solution in the presence of acetate buffer solu-
tion (pH 3 - 4) as background electrolyte and the sediment
composition was complex salt Zn,[Fe(CN),].

Method of preparation and titration of the solutions
to be analyzed using the titrator TITRION

Using an automated pipette, a certain volume of stan-
dard solution of Zn** ions or solution to be analyzed of
the ointment was measured and added to a 50 ml titra-
tion beaker. In beaker, 10.0 ml of distilled acetate solution
and distilled water were added with a pipette, so that the
final volume of the solution taken for titration was 20.0 ml.
The solution was then automatically titrated with standard
K,[Fe(CN),] solution using the titrator as indicated in the
operating compendium [1].

All amperometric determinations with standard
K,[Fe(CN),] solution were performed in the titration curve
recording mode and the voltage applied to the indicator
electrodes was 0.2 V. The curves, which were obtained as a
result of assay, had a very pronounced turning of the cur-
rent intensity at the equivalence point. They were processed
using the liquid analyzer EXPERT to determine the equiva-
lence volume of the titrant [1]. As an example in fig. 2 are
shown the appearance of an amperometric titration curve of
a solution to be analyzed with K, [Fe(CN),] solution and the
determination of equivalence volume of titrant.

However, at amperometric dosage with this titrant solu-
tions, where the concentration of Zn** ions was in the order

B.000Mn

0.004 mxkA P 9.497mn  0.010 mxR P

9.497Mn  0.010 mkA P 0.515mn  8.013 kA P

Fig. 2. Appearance of the titration curve of a solution to be
analyzed with ZnO (a), its processing to determine the titrant
volume in the near of the equivalence point (b and c) and the

equivalence point (d).

Fig. 3. The appearance of a Zn** ion solution titration curve
with K [Fe(CN) ] standard solution (c(Zn**) = 5-10°* mol/l;
c(K,[Fe(CN),]) = 0.04 mol/I; pH 3.5).

of n-10” mol/l, the appearance of the titration curves was
similar to that shown in fig. 3. This aspect of the titration
curve up to the equivalence point of the titrant can probably
be elucidated on the basis of the equilibrium that results in
the solution at the formation of the sediment [6, 12].

In studying the stoichiometry of the Zn**ion sedimenta-
tion reaction with the K, [Fe(CN),] standard solution by the
amperometric titration method, the preparation of the solu-
tion for titration and its assay was carried out according to
the procedure outlined above. The data obtained are shown
in tab. 1.

Table 1
Study of stoichiometry of Zn’ion sedimentation reaction with K, [Fe(CN) ] standard solution
by the amperometric titration method with two Pt indicator electrodes
\e V(zn¥) n (Zn*)-102 V (K,[Fe(CN),]) n (K,[Fe(CN),])-102 n(Zn*)
: ml mmol ml mmol n(K,[Fe(CN),])
1 0.50 0.25 0.125 0.125 2.000
2 1.00 0.50 0.252 0.252 1.984
3 1.50 0.75 0.372 0.372 2.016
4 2.00 1.00 0.498 0.498 2.008
5 2.50 1.25 0.619 0.619 2.019
6 3.00 1.50 0.748 0.748 2.005
7 4.00 2.00 1.004 1.004 1.992
8 5.00 2.50 1.243 1.243 2.011

(c(Zn*)=0.005 mol/l; c(K, [Fe(CN),)=0.01 mol/l; A¢=0.2 V; pH = 3.7)
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Table 2
Study of the influence of pH of the solution on the stoichiometry of Zn** ion sedimentation reaction with
K,[Fe(CN) ] standard solution by the amperometric titration method with two Pt indicator electrodes

Ne pH V (Zn?),ml n (ﬁ::l: 0 v (K4[I:::CN)5]) n (K4[F;(;|::6])-1 02 r‘(Kan[(FZeir;;L)6])
1 3.17 2.00 1.00 0.497 0.125 2.012

2 333 2.00 1.00 0.502 0.252 1.992

3 3.55 2.00 1.00 0.498 0372 2.008

4 3.87 2.00 1.00 0.499 0.498 2.004

5 4.02 2.00 1.00 0.502 0.619 1.992

6 4.21 2.00 1.00 0.512 0.748 1.953

(c(Zn**)=0.005 mol/l; c(K,[Fe(CN),)=0.01 mol/l; A =0.2 V)

It is confirmed that in the presence of the acetate buf- Table 3
fer solution as a background electrolyte the ratio n(Zn*) : Determination of the mass of zinc oxide in one gram of
n (K,[Fe(CN)]) = 2 : 1 and the sedimentation reaction Zoxitin ointment by automatic amperometric titration
takes place in the solution after the ionic equation: 2 Zn*" + method with two Pt indicator electrodes
[Fe(CN),]* = Zn,[Fe(CN) ]. a-m=0.2871g

It does not influence this ratio nor the pH of the solu-
tion in the range of values 3.17 - 4.02 (tabI.) 2), which was N v,ml V(K [Fe(CN),]), m m (Zn0). g/g
investigated in analogy with the stoichiometry of the Zn** ! 0-50 0.179 04057
ion sedimentation reaction with K [Fe(CN)_]. 2 0.75 0.181 0.4103

The mass of zinc oxide (m(ZnO), g/g) in one gram of 3 1.00 0.277 0.4186
Zoxitin ointment, based on the stoichiometry of the sedi- 4 1.25 0370 0.4193
mentation reaction, can be calculated according to the for- 5 150 0461 04180
mula: 6 2.00 0.562 0.4246
m(Zn0) = 2 X c(K,[Fe(CN);]  V(K,[Fe(CN)] X M(Zn0) X M, (1) ! 250 0.741 04199

Vi Xm, 8 3.00 1.113 0.4204

in which: ¢(K, [Fe(CN),]) - the molar concentration of
the titrant solution, mol/l; (T}ﬁ_ [Felcw) gl/Zng = 0.0016274 g/ml; V =200 ml; Ag =0.2 V; pH 3.5)

V(K,[Fe(CN),]) - the titrant's volume of equivalence, ml;

M(ZnO) - molar mass of zinc oxide, g/mol; b-m =0.3556 g

V, - the capacity of the volumetric flask with Zoxitin
ointment solution, ml; Ne vy ml V (K [Fe(CN) ) mi m (ZnO), g/g

V| - the analyte fraction of this ointment, taken for 1 1.00 0.116 0.4247
analysis, ml; 2 1.50 0.175 0.4272

m_ - ointment mass, taken for analysis, g. 3 2.00 0.235 0.4302

However, the equation of the sedimentation reaction of 4 250 0.276 0.4042
Zn** ions with K [Fe(CN) ] standard solution, shows that 5 3.00 0.348 0.4247
the equivalence factor of the titrant is equal to 11/2 In this case, 6 350 0401 04195
the product 2 x ¢(K,[Fe(CN) ] is equal to c(5K4[Fe(CN),] 7 4.00 0461 0.4220
and equation (1) simplifies and turns into the relation: 8 450 0518 04215

9 5.00 0.568 0.4159
m(Zn0) = Ty, [Fetcn)l/zao X V(K,[Fe(CN),] x VL () 10 6.00 0.692 04223

L Xmy’
) ) ) ) (T-_;.a_i [Felowd 1/ 2ne = 0.0065096 g/ml; V =200 ml; Ag =0.2 V; pH 3.5)
in which: T}.;4[F e(CN)]/zno — the theoretical titre of

the - potassium ferrocyanide solution relative to ZnO, g/ml. Equation (2) was used to calculate the results of ZnO

analysis in Zoxitin ointment analytical solutions by the
automatic amperometric titration method with two Pt-

The other notes are shown above.
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indicator electrodes. The results are presented in tab. 3a
and tab. 3b. For quantitative determination of solutions to
be analyzed of this ointment, as a titrant, standard solution
of K, [Fe(CN),] with molar concentration of the equivalent
equal to 0.02 mol/l and 0.08mol/l were used, by means of
which the theoretical titre Ty [reicn) ljzno from equa-
tion (2) was calculated.

Results of ZnO analysis in the solutions to be ana-
lyzed for the two Zoxitin ointment masses in tab. 3a and
tab. 3b have been processed statistically separately and the
mean mass of ZnO in one gram of ointment consisted of
(0.4172+0.0051) g/g (tab. 3a) and (0.4212+0.0051) g/g
(tab. 3b), with a confidence interval of 95 %.

Using the mentioned titrator, the assay of the ZnO oint-
ment solution, prepared in the pharmacy of Nicolae Tes-
temitsanu State University of Medicine and Pharmacy, was
also made. The results obtained are presented in tab. 4.

Table 4

Determination of zinc oxide mass in ZnO ointment
solution, prepared in the pharmacy of Nicolae
Testemitsanu State University of Medicine and

Pharmacy, by automatic amperometric titration
method with two Pt indicator electrodes

Ne vV, ml V(K [Fe(CN)]),ml |  ®(ZnO), %
1 0.50 0.173 10.247
2 1.00 0.349 10.336
3 1.25 0.435 10.306
4 150 0.515 10.168
5 2.00 0.696 10.306
6 2.50 0.862 10.212
7 3.00 1.024 10.109
8 4.00 1371 10.151
9 5.00 1.694 10.034

(Tialreten) zno = 0.0016274 g/ml; V,=200 ml; m =1.099 g;
A¢@ =0.2 V; pH 3.5)

The mass fraction of ZnO (w(ZnO), %) in this ointment
was calculated according to the equation:

V, x 100
w(Zn0o) = Tk [Fe(cn),]/zno X V(K,[Fe(CN).] x '\.'E:_Tmu’ (3)

The results of the analysis w(ZnO) in tab. 4 were statisti-
cally processed and for this ointment the mean mass frac-
tion of ZnO was (10.208+0.078) % for the 95 % confidence
interval.

To evaluate and confirm the results obtained by the au-
tomatic amperometric titration method, the analytical so-
lutions of these two ointments were also analyzed by the
complexometric method. In a 100 ml titration flask a certain
volume of the ointment solution was added, measured by
means of an automatic pipette, 5 - 6 ml of ammonia buf-
fer solution with pH=10, 20 ml distilled water, 0.05 g mix-
ture eriochrome black T indicator and the obtained solu-

tion was titrated with standard solution of Na H Y-2H,O
with ¢(1/2Na H Y) equal to 0.05 mol/l or 0.1 mol/l until the
change from red to violet in blue [5]. The results obtained
are presented in tab. 5 and tab. 6.
Table 5
Determination of the mass of zinc oxide in one gram
of Zoxitin ointment by the complexometric titration

method
Ne vV, ml V (Na,H,Y), ml m (ZnO), g/g
1 3.00 0.37 0.4194
2 3.50 0.43 0.4178
3 4.00 0.50 0.4251
4 4.00 0.51 0.4336
5 4.50 0.56 0.4232
6 5.00 0.61 0.4149

(Twvazm;¥/2n0 = 0.004069 g/ml; V,=200 ml; m =0.2393 g; pH 10)

Table 6
Determination of zinc oxide mass fraction in the ZnO
ointment, prepared in Nicolae Testemitsanu State
University of Medicine and Pharmacy,
by the complexometric titration method

Ne vV, ml V (Na,H,Y), ml w (Zn0), %
1 2.00 0.55 10.18
2 2.50 0.70 10.36
3 2.75 0.74 9.96
4 3.00 0.83 10.24
5 3.50 0.98 10.36
6 4.00 1.09 10.09
7 4.50 1.23 10.12
8 5.00 1.37 10.14

(TNE 1My ¥ Zng = 0.002034 g/ml; V =200 ml; m =1.099 g; pH 10)

Calculations of the results of the complexometric analy-
sis of ZnO mass in one gram of ointment (m(ZnO), g/g)
Zoxitin was performed according to the relationship:

Yo

m(Zn0) = Tya,, v/zno X V(NaH,Y) X VX,

in which: T}.raz H,Y/Zn0 - the theoretical titre of the
titrant solution relative to ZnO, g/ml;
V(Na,H,Y) - the titrant's volume of equivalence, ml.

The other marks are shown above.
All the notes in equation (4) remained the same for equa-
tion (5), after which the mass fraction of ZnO (w (Zn0O),%)
was calculated in the solution of ZnO ointment, prepared
in the SUMP «Nicolae Testemitsanu» pharmacy, using the
complexometric titration method:
Vy ¥ 100

, )
Vy Xm,

w(Zn0) = Taa,m,v/zn0 X V(NagH,Y) X

/ ]
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The results in tab. 5 and tab. 6, obtained by the com-
plexometric titration method, were statistically pro-
cessed. For the Zoxitin ointment the mean ZnO mass was
(0.4223+0.007) g/g of ointment, and for the ZnO ointment
prepared in the pharmacy of Nicolae Testemitsanu State Uni-
versity of Medicine and Pharmacy, the mean mass fraction
of ZnO constituted (10.1840.11) %. In both calculations, the
confidence interval was 95%.

These results compared to the automatic amperometric
titration method with two Pt-indicator electrodes are sat-
isfactory. However, for one and the same 95% confidence
level, the uncertainty of measurement of both m(ZnO) and
w (ZnO) from their mean values in ointment (see above)
is lower in the automatic amperometric titration method
compared to the classical complexometric titration method.
This can be explained by the fact that in the electrochemical
automated assay method of solutions of ZnO in ointments
by means of the mentioned titrator, the equivalence volume
of the titrant was determined more accurately than visually
in the complexometric titration method.

Conclusions

1. A new method of automatic amperometric dosage of
ZnO in ointments was developed using the titrator TITRY-
RON. The developed method can be recommended for the
quantitative analysis of ZnO in ointments.

2. Quantitative analysis of ZnO in ointments was per-
formed by two methods: automatic amperometric dosing
with two Pt indicator electrodes by titrator TITRION and
classical complexometric. Both methods yielded satisfac-
tory results, but the accuracy limits from the mean value
of ZnO in ointments were lower in the developed method
compared to the complexometric titration method.

References

1. Titrator «TITRION». Komplekt dlia avtomaticheskogo ampero-
metricheskogo titrovania: Rukovodstvo po ekspluatatsii [Titrator
“TITRION”. Kit for automatic amperometric titration: Manual].
Moscow; 2015. Russian.

Authors’ ORCID iDs and academic degrees

Vasile Oprea - https://orcid.org/0000-0001-9273-7613, Chem PhD.

2. Kariakin IuV, Angelov II. Chistye khimicheskie veshchestva [Pure
chemicals]. 4th ed. Moscow: Khimiia; 1974. p. 126. Russian.

3. Pietrzyk DJ, Frank CW. Chimie analitica [Analytical chemistry].
Bucharest: Editura Tehnica; 1989. p. 294. Romanian.

4. Alekseev VN. Kolichestvennyi analiz [Quantitative analysis]. 4th ed.
Moscow: Khimiia; 1972. p. 337. Russian.

5. Council of Europe, European Directorate for the Quality of Medicines
(EDQM). European Pharmacopoeia 9.0, 01/2017:0232 [Internet].
Strasbourg: The Council; c2018- [cited 2019 Dec 27]. Available from:
http://online6.edqm.eu/ep900/

6. Songina OA, Zakharov VA. Amperometricheskoe titrovanie [Am-
perometric titration]. 3rd ed. Moscow: Khimiia; 1979. 304 p. Russian.

7. Voiloshnikova AP, Kozlovskii MT, Songina OA. Amperometricheskoe
opredelenie mikrogrammovyh kolichestv tsinka i medi [Amperometric
determination of microgram amounts of zinc and copper]. Zavods-
kaia Laboratoriia [Industrial Laboratory]. 1957;23(3):273-276. Russian.

8. Diulgerova AS, Songina OA, Zakharov VA. Amperometricheskoe
titrovanie mikrogrammovyh kolichestv tsinka ferrotsianidom kaliia
v kompleksoobrazuiushchikh sredakh [Amperometric titration of
microgram amounts of zinc with potassium ferrocyanide in comple-
xing media]. In: Prikladnaia i teoreticheskaia khimiia. Vyp. 3 [Applied
and theoretical chemistry. Issue 3]. Alma-Ata; 1971. p. 36-40. Russian.

9. Songina OA, Kotliarskaia VZ, Voiloshnikova AP. O vosstanovlenii
molibdat i vol'framat ionov na platinovom mikroelektrode i ob
amperometricheskom ikh opredeleniia [About the reduction of mo-
lybdate and wolframate ions on a platinum microelectrode and their
amperometric determination]. Izvestia Akademii Nauk KazSSR. Seria
Khimicheskaia [News of the Academy of Sciences of the Kazakh SSR.
Chemical Series]. 1955(8):77-81. Russian.

10. Diulgerova AS, Songina OA, Zakharov VA. Amperometricheskoe
titrovanie tsinka ferrotsianidom na tartratnom fone v prisutstvii neko-
torykh primesei [Amperometric titration of zinc with ferrocyanide on
a tartrate background in the presence of certain impurities]. Izvestia
Akademii Nauk KazSSR. Seria Khimicheskaia [News of the Academy of
Sciences of the Kazakh SSR. Chemical Series]. 1971;(3):66-68. Russian.

. Zaitsev NK. Elektrokhimicheskie metody analiza. Chast’ 2. Ampero-
metricheskoe titrovanie: Metodicheskaia razrabotka dlia studentov
khimicheskikh i ekologicheskikh spetsial'nostei [Electrochemical
methods of analysis. Part 2. Amperometric titration: Methodical guide
for students of chemical and environmental specialties]. Moscow;
2010. Russian.

12. Tananaev IV, et al. Khimiia ferrotsianidov [Chemistry of ferrocya-

nides]. Moscow: Nauka; 1971. 320 p. Russian.

1

—

Vladimir Valica - https://orcid.org/0000-0002-1068-5504, MD, Pharm PhD.
Constantin Cheptanaru - https://orcid.org/0000-0003-3281-6613, Chem PhD.

Mihai Nistorica - https://orcid.org/0000-0001-9433-6055, Pharm D.

Serghei Oprea - https://orcid.org/0000-0002-5620-5131, Physics and Math PhD.

Liviu Movila - https://orcid.org/0000-0001-8540-9400, Pharm D.

Authors’ contributions

VO designed the trial and interpreted the data. VV acquired and interpreted the data. CC interpreted the data. MN conducted/performed
the laboratory work, drafted the first manuscript. SO described and processed the physics data. LM conducted/performed the laboratory
work, revised the manuscript critically. All the authors revised and approved the final version of the manuscript.

Funding

This study was supported by Nicolae Testemitsanu State University of Medicine and Pharmacy. The trial was authors’ initiative. The authors
are independent and take responsibility for the integrity of the data and accuracy of the data analysis.

Ethics approval and consent to participate
No approval was required for this study.

Conflict of Interests
No competing interests were disclosed.




