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ABSTRACT

The behavior of potassium hydrogenperoxomonosulfi§téSG) has been studied using alternating current
voltammetry with square wave modulation in poténi@mge +1.0...—1.2 V at carbositall electrode asiaading
and auxiliary electrode (reference electrode AgCRgCl(sat)) (E, = +0.25 V). A linear relationship between peak
current and concentration was obtained in the ran@®x10° mol L to 5.4x10° mol " of the KHSQ@
concentrations at pH ~ 0.8 for pure substances If (8.3 +0.6)x10°xc (r = 0.999). RSD were 2.68 %, 2.55 % and
2.39 % for the 3.610°, 4.5x10° and 5.4<10"° mol L™ concentrations of KHSOmodel solutions, respectively €
—0.28...+0.44 %). The addition method was used foS&Hletermination in disinfectant "Ecocid S", RSD were
2.01 % and 1.88 % far(KHSQ) = 4.65x10° and 7.7540° mol L', respectively. The obtained results have good
agreement with those obtained by using the referenethod of iodometric titration, with an accurdower than —
0.42 %.
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INTRODUCTION

Potassium hydrogenperoxomonosulfate (KHS® one of the most widely used disinfectants imedical practice,
among well-known class of chemical disinfectant®xidants. It is included in the new generation abdern

disinfection agents in the form of a stable triplstassium salt 2KHSEKHSQ,-K,S0O,, such as "Virkon" and its
modified analogue "Ecocid S". Potassium hydrogemmenonosulfate is also used as analytical reagemjufantitave
analysis of different pharmaceutical substanceb aa@enicillins, phenothiazines, cephalosporinisedt. [1].

Ecocid S (KRKA, Slovenia, Novo mesto) is a well ko universal combination highly active broad-speswtr
disinfectant of the new generation of the oxiddass, which has virulicidal, bactericidal, fungiaicand sporocidal
activity, comprising KHS@ (50 %) in the form of a triple potassium salt +H280;-KHSO,-K,SO, (500 mgto 1 g
of drug) (mass fraction of active oxygen in termsctive chlorine 9.5-15.0 %) as active ingrediantl excipients:
surfactant — sodium dodecylbenzenesulfonate, crgarids (malic and sulfamic acids), inorganic buffgstems
(sodium polyphosphate, sodium chloride), an indicaf activity — azo dye and flavor of citron sceldHSGO; is an
effective biocide; it works against all 18 knownmiiies of pathogenic for humans and animals virusg&am-
positive and Gram-negative bacteria, some yeasisfiamgi [2-9]. Organic acids in combination withonganic
buffer creates an acidic environment and optinmieehiocidal activity of KHS@ Sodium dodecylbenzenesulfonate
acts as a surfactant, thus ensuring oxidizer comtiiiec pathogens.

The drug is intended for disinfection of all sudacthat require safe and effective disinfectionislused for
disinfection of livestock and poultry premises viums, pet cages, aquariums, plants for the prowgsd poultry

and eggs, slaughter and meat processing planig, gfcaage, feed mills, vehicles, containers, eopgipt, surfaces,
appliances, instruments, systems supply drinkinteryanilk, air sanitation, drinking water and otHecilities are

subject to veterinary supervision.
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It is used as aqueous solutions in the working entrations of 0.1 to 4 %. To disinfect the hands%. solution is
recommended.

Determination (mass fraction) of active oxygen ténms of active chlorine) in the preparation isriear out by
iodometric titration [10].

KHSGs in the preparation "Virkon" is determined by tleehnique of pH-potentiometric titration with stardla
solution of tin (1) chloride in the presence oftassium bromide using a point platinum and glasstedde [11].

Extensive literature survey reveals that varioestebchemical methods have been reported for tregrdmation of
electrochemically active compounds of various @&assncluding hydrogen peroxide and inorganic pieles
analysis [12-16]. Among them the method of voltarmgnaith linear potential scan using a drop mercelgctrode
or its other modifications and solid platinum orldye&lectrodes is most commonly used. These eleetraie
characterized by satisfactory reproducibility ofe@arch results and simple methods for their préijpacaHowever,
mercury is a toxic substance and other metals ratkgensive. Also is known, that the oxygen chemuoson Au,

as well as on Pt, and forms oxide film. Adsorbegigen is involved in the anodic process, and Au esithhibit

processes of analyte electrooxidation. As a coresarpithe electrodes based on cheap carbon mateucisas
carbon glass, carbon paste, carbositall are widséd [17-20]. They are characterized by high overg@l (low

adsorption capacity in relation to,@nd H in the work potential area) of hydrogen and/orgety (the ability to
track multiple regeneration to obtain reproducitleface). In addition, these electrodes offer thiétg to perform

such analytical definitions which mercury or otleéectrodes are not always possible to. It has eepn popular
because of its excellent electrical and mechamogberties, wide potential range, extreme chenicattness and
relatively reproducible performance [21-27].

The aim of the present work is to determine thesifelity of quantitative determination of potassium
hydrogenperoxomonosulfate in pure substance anihfetitant "Ecocid S" by cathodic voltammetry using
carbositall electrode (Russia) as indicating (wogkielectrode.

EXPERIMENTAL SECTION

Instrumentation

Electrochemical measurements were carried out énathalyzerAVS-1.1 (Volta, St. Petersburg) with a three-
electrode scheme by alternating current mode vgthraie wave modulation in potential range +1-..2 V, W =
1000 rpm, amplitude 40 m\; = 65 Hz. The values of potential peaks directhaanaximum are measured by
electrochemical sensor "Module EM-04" with an aecyrof +5 mV. Carbositall electrode was used asoeking
and an auxiliary electrode, and Ag,AgQlKsat) electrode type EVLMA4 as a reference electrode.

Scheme of the reduction process is:

HSO; +2e+2H" - HSO, +H,0

Reagents and Chemicals
All the materials were of analytical reagent graatel the solutions were prepared with double-thstilvater.

Background solution
Backgroundsolutionis prepared by dissolving 68.1 g of potassium hgdnsulfate (KHSG) in 500 mL volumetric
flask by double-distilled water to give a concetitnaof 1 mol L™

Stock solution of pure substance

The solution of potassiutmydrogenperoxomonosulfate («Ox8me ACROS ORGANICS) was freshly prepared and
standardized iodometrically. Stock solution werepared by dissolving 0.1537 g of powder (tripleggstum salt,
2KHSQ;-KHSO,-K,SOy) in 50 mL volumetric flask by double-distilled veatto give a concentration o907
mol L™%. 10 mL of %102 mol L™ KHSOs was diluted in 100 mL volumetric flask with doutdistilled water to
obtain a solution of 910™* mol L KHSO:.

Working solutions of pure substance

Working standards were prepared by diluting différeolumes of stock solution 0.5, 1.0, 1.5, 2.6, &ad 3.0 mL
with 10 mL of 1mol L™*background solution in 50 mL volumetric flask byutite-distilled water.
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Stock solution of the sample preparation

The sample preparation which was subjected toriaé/ical procedures for the analysis of KHS@as disinfectant
"Ecocid S" (KRKA, Slovenia, Novo mesto). This sadut was prepared by dissolving 0.5 g of preparatamturate
weight) in 100 mL volumetric flask by double-dikidl water to give a concentration of preparatior#o5
(concentration of KHSQin mass was 7.280° mol L™). 10 mL of this solution was diluted in 100 mL uoletric
flask with double-distilled water to obtain a sabutof 7.7510* mol L"*KHSO:s.

Working solutions of the sample preparation
Working solutions were prepared by diluting 3.0 &x@ mL of stock solution of the sample preparatidgtin 10 mL
of 1 mol L™ background solution in 50 mL volumetric flask byutite-distilled water.

Analytical procedure

Procedure of pure substance

25 mL of working solution of pure substance wasdfarred to the cell. The voltammograms were resbrioy
scanning the potential toward the negative directiothe potential range from +1.0 V to —-1.2V. Alta were
obtained at room temperature. The number of exmarisn(n = 5) according to this value, the stati$ti@lculations
were done for 36107, 4.5<10° and 5.410°° mol L™* solutions of KHS@

Procedure for sample preparation

A typical procedure involves preparing several 8ohs containing the same amount of unknown, bifemint
amounts of standard. For example, five 50 mL volwimdélasks are each filled with 3 mL or 5 mL ofetlunknown
and then the standard is added in differing amouwnish as 0, 1, 2, and 3 mL. The flasks are thieredi to the
mark and mixed well. 25 mL of each prepared sohstivere transferred to the cell. The voltammograrase
recorded by scanning the potential toward the memalirection in the potential range from +1.0 V0.2 V. All
data were obtained at room temperature.

RESULTS AND DISCUSSION

Effect of nature and pH of background solution

The effect of pH on the reduction process was itiyated by recording voltammograms of KHS& a 5.410°
mol L™ concentration at several pH values ranging fro8®@o 7.17 (Fig. 1). A mixture of 0.5 molN&aSO, +
0.05 mol L* KHSO, was used as background solution and the pH ofdhetion from 0.80 to 7.17 was changed
gradually adding NaOH 0.2 molt The pH was measured using ionmeter tii®0M (Belarus) with a glass
electrode type ESL-43-07 paired with Ag, AgQUK(sat) electrode.

As can be seen, height of KHS@duction peak at the carbositall electrode serfdecreases and potential of
reduction peak is shifted toward more electronggatialues with increasing of background electrolyté from
0.80to 7.17.
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Fig. 1. Voltammogram of KHSG; reduction at a concentration of 5.410° mol L™ at different pH values of the background solution1 —
0.80,2-1.773-2.874-3.875-5426-6.357-7.1
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The maximum peakl) occurs at approximately pH 0.8 and at a pH ardbirshalytical signal almost disappears
(Fig. 2). The effect of pH on peak potentig)) shows the following: when pH value increaseshia interval from
0.8 to 2,E, remains almost constant, tgy decreases sharply to negative value with pH irsinga(Fig. 3). That is
why the optimum pH for analysis 152.
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Fig. 2. Influence of pH on the peak intensity of th reduction process of KHS@at the carbositall electrode (reference electrode
Ag,AgCI/K Cl(sat))
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Fig. 3. Influence of pH on the peak potential of th reduction process of KHS®@at the carbositall electrode (reference electrode
Ag,AgCl/K Cl(sat))

Effect of surfactant

Surfactants are a kind of amphiphilic molecule vatipolar group on one side and a long hydrophabimh the
other. The variety of currently available surfattaand hence their properties makes it possibleséothis group of
compounds for controlling analytical signals in tamhmetry and, consequently, to increase the seitgitnd
selectivity of the analyte response. The applicatiof surfactants in electrochemistry and electbdical
chemistry have been widely reported [28,29].
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Fig. 4. Voltammogram of KHSQ; reduction depending on the concentration in the adence (curved-3) and in the presence of surfactants
(0.05 % solution of SDBS) (curved-6). ¢((KHSOs), 10°, mol L™ 1,4 -1.8,2,5-5.4,3, 6 — 9.2, with SDBS4—1.85-5.4,6 — 9.2
(background — 0.2 mol =X KHSO,) at carbositall electrode(reference electrode AggCl/K Cl(sat))

The electrochemical responses of KHSf carbositall electrode were shown in Fig. 4 \ear1-3) with 0.2 M
KHSQ, as background solution. The voltammetric respams@parently improved in the presence of 0.05%usod
dodecylbenzenesulfonate (SDBS), reflected by thargement of current peak (Fig. 4, curves 4-6) amel
reduction peak shifted to more electropositive diden +0.25 V to +0.3 V. The peak current enhanagnveas
undoubtedly attributed to the interaction of SDBBhwWKHSO; and carbositall electrode. It is well known that
surfactants can be adsorbed on hydrophobic sutafim surfactant film, which may alter the oveltage of the
electrode and influence the rate of electron tem§30,31]. The probable mechanism is followinge t8DBS
surfactant molecule diffuses into the carbositi@t®ode along with the KHSGignal.

Method of quantitative determination of KHSOs in pure substance

Voltammetric behavior of KHS£at carbositall electrode was shown in Fig. 5. Ttheyswas conducted in solutions

\l/vith a concentration of KHSGrom 0.9%107° to 5.4<10°° mol L™ Background solution was KHSQ = 0.2 mol L
. pH ~0.8).
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Fig. 5. Voltammogram of KHSG; reduction at carbositall electrode according to tke concentration.c (KHSOs), 10° mol L™*1-0.9,2 -
1.8,3-2.7,4—3.6,5—4.5,6 — 5.4; pH ~0.8 (background is KHS@ ¢ = 0.2 mol L™%); E, = 0.25 V (reference electrode Ag, AgCl/Kl(sat))
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The calibration curves method is used to quantify toncentration of KHSO The graph was plotted in the

coordinates: the height of peaksn pA at 0.25 V on the ordinate axis and correspondmgcentration of KHSEc
in mol L™ on the abscissa axis (Fig. 6).

Regression characteristics of KHS@Iltammetric determination procedure in pure sast was shown in Tab. 1.

L. A

0.45

0.25

0.15

L I=(8.320.6)x103xc
r=0.999

¢, 103 mol L

Fig. 6. The calibration plot of the KHSQ; reduction current peak vs. concentration with 0.2mol L™ KHSO, background solution (pH ~
0.8) at carbositall electrode (reference electrodég,AgCl/K Cl(sat)); E, = 0.25 V

Table 1: Regression characteristics of KHS©voltammetric determination procedure in pure subsance

Parameters

Data

Concentration ranges (mot?).
Regression equation
Slope 6)

Intercept b)

Aa

Ab

S

S

Correlation coefficientr{
LOD (mol L™

LOQ (mol L")

(0.9-5.4x10°
I,= (8.3 £ 0.6¥10%c
8.3x10°
0.006
0.6x10°
0.02
0.2x10°
0,007
0.999
2.76x10°
9.1%10°

The reproducibility was evaluated from 5 repeatksatteochemical signal measurements of model saiatiwith

3.6x107°, 4.5¢10°° and 5.410°° mol L™* concentrations of KHSQThe precision of the developed method in terms
of the relative standard deviation (RSD) were 268.55 % and 2.39 % E —0.28...+0.44 %), respectively. The

obtained results are summarized in Tab. 2.

Table 2: Evaluation of accuracy and precision of KOs voltammetric determination procedure in model soltion of pure substance
(n=5; P=0.95%)

Taken (mol £ | Found (mol £ | Recovery (%+SD)] RSD, % ¢ (%) | & (%)
3.6x10° (3.59+0.12% 10° 99.7+3.3 2.68 33| -0.2
4.5¢10° (4.52+0.14% 10°° 100.4%3.2 2.55 32| +0.44
5.4x10° (5.41+0.16% 10°° 100.2+3.0 2.39 3.0 +0.19
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Method of quantitative determination of KHSOs in "Ecocid S"
It was found that SDBS, which is the part of thst teolution of sample preparation, cause the KH&@uction
current peakncrease, so it was decided to use the additiohadefior analysis of the preparation.

At first voltammogram of test solution was recorged! then a solution of known aliquots of standsoldition Cg
was added and again voltammogram was recorded.cdheentration of the test solutidd, is given by the
equation:

Cy = Cstlxl ,

X +st X

wherel, — current peak of test solutiol;s; — current peak of test solution with the additidra standard substance.
The high sensitivity of this method is accompanidvery good reproducibility. During the determioat of
4.65<10° and 7.7%10° mol L™ KHSO; in test solutions RSD were 2.01 % and 1.88 %% (-0.42...-0.30%),
respectivelyif = 5,P = 0.95). The obtained results are summarized m 3a

Table 3: The results of voltammetric determinationof potassium hydrogenperoxomonosulfate in Ecocid @& = 5; P = 0.95%)

Taken Found o o o Lt (0
mol L %+ mol L %" Recovery (%+SD)| RSD, % ¢ (%) | &** (%)
4.65<10° | 11.01 | (4.63+0.12% 10°| 10.96 99.57+2.49 2.01 2.5 —0.41
7.75<10° | 11.01 | (7.72+0.18% 10°| 10.95 99.64+2.32 1.88 2.3 -0.3

* in terms of active chlorine in preparation [10]
** relative to the average reference method of imedric titration [10]

CONCLUSION

So, new voltammetric method of aqueous solutiorgotdéissium hydrogenperoxomonosulfdétermination in pure
substance and disinfectant "Ecocid S" using car@lb®lectrode as indicating electrode was develoged the
possibility of its quantitative determination wdssg/n.

Linear concentration ranges for pure substanceewafrom (0.9-5.810° mol L. Calibration graph is
l,= (8.3 £0.6X10%c (r = 0.999). RSD were 2.68 %, 2.55 % and 2.39 %tlier 3.&10°, 4.5x10° and 5.4107

mol L™ concentrations of KHSOmodel solutions, respectivel§ € —0.28...+0.44 %). The addition method was used
for KHSO; determination in disinfectant "Ecocid S", RSD wér81 % and 1.88 % far(KHSOs) = 4.65107° and
7.75¢10°° mol L™, respectively. The obtained results have goodemgeeat with those obtained by using the reference
method of iodometric titration, with an accuracwés than —0.42 %.
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