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The electrochemical behaviour of potassium hydrogenperoxomonosulfate (KHSO,) in the presence
of sodium dodecylbenzenesulfonate (SDBS) has been studied using cathodic voltammetry at the
carbositall electrode as indicating in the potential range of +1.0...—1.2 V (the reference electrode Ag,
AgCl/KCl(sat)) (E, = +0.3 V). It has been experimentally proven that the height of KHSO, reduction
peak decreases and the potential of the reduction peak is shifted toward more electronegative values
with increasing of the background electrolyte pH from 0.80 to 7.17. The maximum peak (I,) occurs at
a pH of approximately 0.8 and at a pH around 5 the analytical signal almost disappears. The effect of
pH on the peak potential (E,) shows the following: when the pH value increases in the interval from
0.8 to 2, E, remains almost constant, but E, decreases sharply to the negative value with pH increas-
ing over 2. It has been experimentally proven that SDBS leads to increase of the current peak and
the peak potential shifts to the more electropositive side (+0.25— +0.3V). The influence of the present
SDBS has been examined. The current peak increases with the concentration of the surfactant up
to 1.2x10-3 mol L= and then stays almost constant with the increase in the concentration of SDBS
above 3.0x10-% mol L-'. The linear relationship was observed in the KHSO, concentration range of
(1.8-9.0)x10°° mol L', the calibration curve equation was I,= (4.3+1.1)x10%c (r = 0.998). When de-
termining KHSO; in the test solution of “Ecocid S” disinfectant with the concentrations of 4.65x10°,
6.20x10°% and 7.75x10°° mol L") the RSDs were 0.025, 0.023 and 0.021, respectively (6 =—0.64 ...
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+0.16%); LOD = 6.50x10°mol L=, LOQ = 2.17x10° mol L.

Potassium hydrogenperoxomonosulfate (KHSO,) is
one of the most widely used disinfectants in medical
practice, among well-known classes of chemical disin-
fectants — oxidants. It is included in the new generation
of modern disinfection agents in the form of a stable
triple potassium salt 2KHSO,-KHSO,-K,SO,, such as
“Perform” and modified analogue of “Virkon” — “Eco-
cid S” (KRKA, Slovenia, Novo mesto).

“Ecocid S” is a complex disinfectant in the form
of a granulated water-soluble powder, which contains
KHSO; (50%) and such excipients as a surfactant —
sodium dodecylbenzenesulfonate (SDBS to 15%), or-
ganic acids (malic and sulfamic acids), inorganic buf-
fer systems (sodium polyphosphate, sodium chloride),
an indicator of activity — azo dye and flavour with a
citron odour. It is characterized by the broad-spectrum
antimicrobial activity to bacteria, viruses, fungi, as well
as to Mycobacterium tuberculosis [2, 4, 7-9]. It does
not have the sensitizing and local irritative effect to the
skin and is slightly irritating to the mucous membranes
in regulated concentrations (0.5-4% by the active sub-
stance). Working solutions remain active for 7 days. It
does not have the corrosive action and the negative im-
pact on the surface treated. It is applied for preventive
and forced disinfection. SDBD acts as a surfactant, thus
providing a contact with the pathogen oxidant; reacts
with membrane lipids and proteins causing denaturation
of the cell membranes.

Determination (mass fraction) of active oxygen (in
terms of active chlorine) in the product is carried out by
iodometric titration [15].

Scientific literature describes quantitative determi-
nation of KHSOj in “Virkon” disinfectant by the meth-
od of pH-potentiometric titration with the standard so-
lution of tin (II) chloride in the presence of potassium
bromide using a point platinum and glass electrode [5].

Extensive literature survey reveals that various elec-
trochemical methods have been reported for determina-
tion of electrochemically active compounds of various
classes, including hydrogen peroxide and inorganic per-
oxides analysis [11, 13, 14, 20, 21]. Among them the
method of voltammetry with the linear potential scan
using a drop mercury electrode or its other modifica-
tions and solid platinum or gold electrodes is most com-
monly used. These electrodes are characterized by satis-
factory reproducibility of research results and simple
methods for their preparation. However, mercury is a
toxic substance and other metals are rather expensive.
It is also known that oxygen chemosorbs on Au, as well
as on Pt, and forms oxide films. Adsorbed oxygen is in-
volved in the anodic process, and Au oxides inhibit pro-
cesses of the analyte electrooxidation. Thus, the elec-
trodes based on cheap carbon materials such as carbon
glass, carbon paste, carbositall are widely used [6, 12,
19]. They are characterized by high overpotential (low
adsorption capacity in relation to O, and H, in the poten-
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tial work area) of hydrogen and/or oxygen (the ability
to track multiple regeneration to obtain reproducible sur-
face). In addition, these electrodes offer the ability to
perform such analytical determinations, which mercury
or other electrodes are not always possible to do. It has
been very popular because of its excellent electrical and
mechanical properties, a wide potential range, extreme
chemical inertness and relatively reproducible perfor-
mance [10, 16, 17].

It has been previously proven that SDBS leads to
increase of the KHSO, reduction peak at the carbositall
electrode and the addition method was used for KHSO;
determination in “Ecocid S” disinfectant, which contains
SDBS surfactant [3].

In the present work the results of elaboration of the
quantitative determination method for KHSO; in the pre-
sence of SDBS by cathodic voltammetry at the carbosi-
tall electrode using the method of the calibration graph
are presented.

Experimental Part

The solution of KHSO; (“Oxone®”, ACROS ORGA-
NICS) was freshly prepared and standardized iodometri-
cally. The stock solution was prepared by dissolving 0.1537 g
of the powder (triple potassium salt, 2KHSO; KHSO, K,SO,)
in a 50 mL volumetric flask by double distilled water
to give the concentration of 9x102 mol L', 10 mL of
9x102 mol L' solution of KHSO, was diluted in a 100 mL
volumetric flask with double distilled water to obtain
9x107 mol L' of KHSOjsolution.

The solution of SDBS was prepared by dissolving
6.96 g of the powder in a 100 mL volumetric flask by dou-
ble distilled water to give the concentration of 0.2 mol L.

The background solution was prepared by dissolv-
ing 68.1 g of potassium hydrogensulfate (KHSO,) in a
500 mL volumetric flask by double distilled water to
give the concentration of 1 mol L.

The pH was measured using an ionmeter of [-160M
type (Belarus) with a glass electrode of ESL-43-07 type
paired with Ag, AgCI/KCI (sat) electrode.

Electrochemical measurements were carried out in
an AVS-1.1 analyzer (Volta, St. Petersburg) with a three-
electrode scheme by alternating the current mode with
a square wave modulation in the potential range of
+1.0...—1.2 V, W = 1000 rpm, the amplitude of 40 mV,
v = 65 Hz. The values of potential peaks directly at the
maximum were measured by the electrochemical sen-
sor “Module EM-04" with the accuracy of +5 mV. The
carbositall electrode was used as a working and an auxi-
liary electrode, and Ag,AgCl/KCl(sat) electrode type
EVL-1M4 as a reference electrode.

The scheme of the reduction process is as follows:

HSO; +2e+2H" — HSO, + H,0

Results and Discussion

The effect of the nature and pH of the background
solution

It has been experimentally proven that the height of
KHSO; reduction peak at the carbositall electrode sur-
face decreases, and the potential of the reduction peak
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Fig. 1. The effect of the SDBS surfactant concentration on KHSO,
reduction peak at the carbositall electrode (the reference electrode
Ag,AgCI/KCl(sat)); ¢ (KHSO;) = 5.4x10-° mol L™'; E, = +0.3 V.

is shifted toward more electronegative values with in-
creasing of the background electrolyte pH from 0.80
to 7.17. The maximum peak (/,) occurs at the pH of
approximately 0.8, and at the pH around 5 the analyti-
cal signal almost disappears. The effect of pH on the
peak potential (£,) shows the following: when the pH
value increases in the interval from 0.8 to 2, £, remains
almost constant, but £ decreases sharply to a negative
value with pH increasing over 2. That is why the opti-
mum pH for analysis is <2 [3].

The effect of a surfactant

It has been experimentally proven that SDBS leads
to increase of the current peak and the peak potential shifts
to more electropositive side (+0.25 — +0.3V) (Fig. 1).

The current increases probably due to alleviation of
desorption of reduction products from the electrode sur-
face, and acceleration of the electron transfer in the course
of electrochemical reactions is caused by the ability of
SDBS to adsorb on the hydrophobic surface of the elec-
trode and to form a surface film that changes the over-
pressure [1, 19, 23].

The influence of the present SDBS was examined.
The current peak increases with the concentration of the
surfactant up to 1.2x107° mol L™ and then stays almost
constant with the increase in the concentration of SDBS
above 3.0x107 mol L™ (Fig. 1). That is why the optimum
SDBS concentration for analysis is >3.0x107 mol L.

It is known that Ecocid S disinfectant contains SDBS
in the amount of 15% of the total content, i.e. in 0.5%
of the working solution the concentration of SDBS is
about 7.5x10*mol L. So, it was decided to use the
method of the calibration graph to quantify the concentra-
tion of KHSO; in “Ecocid S” in the presence of SDBS
excess (4.0x107 mol L™).

The procedure of obtaining results for the calibra-
tion graph

Working solutions were prepared by diluting 1.00,
2.00, 3.00, 4.00 and 5.00 mL of the stock solution with
10 mL of 1 mol L™ background solution and 1 mL of
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Table 1 5 -
Analytical characteristics of the calibration graph Ip, UA
of the KHSO, voltammetric determination procedure 4t I,=(4.3:1.1)x10°c
in the presence of SDBS r=0.998 9
Parameters Value 3 r
Concentration ranges (mol L") (1.8-9.0)x10
Regression equation l,=(4.3+1.1)x10% 2+
a 4.3x10*
b 0.04
S, 2.6x10° Tr
S, 0.09
Aa 1.1x10*
Ab 0.41 0 2 4 6 8 10
Correlation coefficient (r) 0.998 ¢, 10° mol L
LOD (mol L) 6.50x10° Fig. 2. The calibration graph of the reduction current peak
LOQ (mol L) 2.17x10°5 of KHSOj, vs. concentration in the presence of SDBS
(c = 4.0x10° mol L1); £, = +0.3 V.
Table 2
The results of voltammetric determination of potassium hydrogenperoxomonosulfate in “Ecocid S”
(n=5;P=0.95%)

Taken, mol L™ Found, mol L™’ Reproducibility (%+SD) RSD, % £ (%) &% (%)
4.65x107 (4.63£0.14)x107 99.57+2.49 0.025 3.1 -0.43
6.20x107° (6.21£0.13)x107 100.22+3.01 0.023 3.0 +0.16
7.75x107° (7.70£0.20)x107 99.64+2.32 0.021 2.55 -0.64

* Relative to the average reference method of iodometric titration [15].

0.2 mol L' SDBD each in a 50 mL volumetric flask by
double distilled water. 25 mL of the working solution of
a pure substance was transferred to the cell. The voltam-
mograms were recorded by scanning the potential toward
the negative direction in the potential range from +1.0 V
to —1.2V. All data were obtained at room temperature.

The graph was plotted in the following coordinates:
the height of peaks /, in pA at 0.3 V on the ordinate
axis and the corresponding concentration of KHSO;, ¢
in mol L' on the abscissa axis (Fig. 2).

Analytical characteristics of the calibration graph of
the KHSO; voltammetric determination procedure are
given in Tab. 1.

The procedure for quantitative determination of KHSO,
in “Ecocid S

The test solution was prepared by dissolving 0.5 g of
the powder in a 100 mL volumetric flask by double dis-
tilled water to give the concentration of 7.75x107 mol L.
10 mL of 7.75x10 mol L' KHSO, was diluted in a
100 mL volumetric flask with double distilled water to
obtain 7.75%10* mol L' of KHSOj solution.

Working solutions were prepared by diluting 3.00,
4.00 and 5.00 mL of the stock solution with 10 mL of
1 mol L' background solution and 1 mL of 0.2 mol L!
SDBD each in a 50 mL volumetric flask by double dis-
tilled water. 25 mL of the working solution of a pure
substance was transferred to the cell. The voltammo-

grams were recorded by scanning the potential toward
the negative direction in the potential range from +1.0 V
to —1.2V.
The KHSO, content C,_, mol L' was calculated by:
I,-b

X

a

The high sensitivity of this method is accompanied
by a very good reproducibility. The reproducibility was
evaluated by 5 repeated electrochemical signal mea-
surements of model solutions with the concentrations
of KHSO, of 3.6x10°%, 4.5x10°° and 5.4x10° mol L.
The precision of the method developed in terms of the
relative standard deviation (RSD) was 0.025, 0.023 and
0.021 (6 = —0.64...+0.16 %), respectively. The results
obtained are summarized in Tab. 2.

CONCLUSIONS

Thus, a new voltammetric method of PMS determina-
tion in the presence of SDBS at the carbositall electrode
using the method of the calibration graph has been de-
veloped and the possibility of its quantitative determi-
nation has been shown.

The linear dependence is observed in the PMS con-
centration range (1.8-9.0)x10-° mol L', the calibration
curve equation is /, = (4.3+1,1)x10% (r = 0.998); RSD =
0.025...0.021 and 6 =-0.64...4+0.16% (n=5; P=0,95%),
LOD =6.50x10°*mol L', LOQ =2.17%10°mol L.
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KINbKICHE BU3SHAYEHHA rNAPOrEHNEPOKCOMOHOCYIIb®ATY KANIIO .

Y OE3IH®EKLIMHOMY 3ACOBI «kEKOLMA C» METOOOM BOJILTAMIMEPOMETPII
M.€.Bnaxeeacbkull, O.0.Mo320ea

Knroyoei crnoea: kanito 2idpoeeHnepoKCoOMOHOCYnbham, 80/ibmamMnepoMempis; gyanecumanosull
enekmpo0; NaZl6C; desiHgpekyiliHul 3acib

Memodom kamoOHoI soribmamrepomempii 3 BUKOpUCMaHHSM 51K IHOUKamopHO20 8yariecumarnogozo
enekmpoda 8UBHEHO efleKmpOoXiMidHy Moe8eldiHKY Karnito eidpozeHnepokcomMmoHocynbghamy (KHSO,) y
rpuUCymMHoCcmi rno8epxHe8o-akmueHoi pedyosuHuU Hampito dodeyunbeHseHcynbgoHamy (NabC) Ha
¢oHi 0,2 mons/n po3quHy KHSO, 8 inmepeari nomerujarnie E= +1,0...—1,2 B (8i0H. Hac. XCE) (E,=+0,3 B).
Byno ecmaHoeneHo, wo 3i 3binbweHHsam pH cepedosuwya poHosoz0 enekmposimy g6id 0,80 do 7,17
gucoma niky eioHoeneHHs1 KHSO, sameHwyembcs, a nomeHruian niky 8i0HO8MeHHs 3cysaembcs y bik
6inbw enekmpoHe2amu8HUX 3Ha4eHb, rnpudomy npu pH 6ins 5 aHanimu4yHul cugHan npakmu4yHo
3HuKae. MakcumarnbHul niik () cnocmepieascs npu pH 0,8-2, a makox 3a yux ymMos rnomeHujarsn
MiKy npakmu4YHoO He 3MiHI08ascs. EkcriepumeHmaribHO ecmaHoenieHo, wo NaJ6C, komput exodumpb
0o cknady sunpobosysaHoz20 3acoby, npu3eodums 00 36ifIbWEHHS CUIu cmpymy y MakcuMymi riky
ma 3cysae nnomeHujian niky y 6inbw enekmponodumugHul 6ik (+0,25—+0,3 B). Bug4yeHHs1 8riiugy KoH-
ueHmpauii NaJ6C Ha sucomy riiky gidHosneHHs KHSO, noka3saro, wo rpu 3pocmaHHi KoHuyeHmpauir
NaBC do 1,2-10-3 monk/n sucoma niky cmpimMko 3pocmae, a npu 0ocsigHeHHi 3,0-10-3 mornb/n 3anu-
waembCcs npakmu4YHo HeaMiHHo. JliHitiHa 3anexHicmb criocmepieanacs y Oiana3oHi KOHUeHmpau,it
KHSO; (1,8-9,0)-10° monb/n, pieHsIHHS 2padytosanbHoz0 epapika: |, = (4,3+1,1)-10% (r = 0,998).
lpu susHa4eHHi KHSO, y posyuHax desiHgbekuitiHo2o 3acoby «Exoyud C» 3 KoHueHmpauisamu 4,65-10-°,
6,20-10°i 7,75-10°° mon/n RSD dopisHrosario 0,025, 0,023 ma 0,021, gidnosioHo (6 =—0,64...+0,16%);
LOD = 6,50-10"°monb/n, LOQ = 2,17-10-° mornb/n.
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KONMWYECTBEHHOE ONPEQOENEHUE TMOPOEHNEPOKCOMOHOCYIIb®ATA KANMUA

B AESUH®EKLIMOHHOM CPEOCTBE «3KOoUug C» METOOOM BOJIbTAMIMEPOMETPUN
H.E.Bnaxeesckull, E.A.Mo3208as

Knroyeenie cnoega: 2udpo2eHnepoKCOMOHOCYMbgham Karusi; 80/1bmamMnepoMempusi;
yenecumarosbiti enekmpod; NaJ6C; de3uHgbuyupyrouiee cpedcmeo

Memodom kamoOdHoU 8oribmamnepoMempuu C UCMOoMb308aHUEM KaK UHOUKamOpPHO20 yanecumarsio-
8020 3reKmpoda U3y4eHO 3MIeKMPOXUMUYECKOe nosedeHUe 2UOPO2EeHNePOKCOMOHOCYIbhama Karus
(KHSO;) 8 npucymcmeuu nogepxHOCMHO-aKmugHo20 seujecmea 000elurbeH3eHcynbhoHama Ha-
mpus (NaBC) Ha ¢poHe 0,2 morb/n pacmeopa KHSO, 8 uHmepsane nomexyuanos E=+1,0...-1,2 B
(omH. Hac. XCE) (E, = +0,3 B). bbinio ycmaHoeneHo, 4ymo rnpu ygenudyeHuu pH cpedbl poHO8020
asnekmponuma om 0,80 0o 7,17 ebicoma ruka eoccmarosneHuss KHSO, ymeHbwaemcs, a mnomeH-
yuar rnuka eoccmaHosrneHusi cogueaemcsi 8 CImMopoHy 6oriee 351eKmpoompuyamerbHbIX 3Had4eHud,
npuyem npu pH okoro 5 aHanumuyeckul cueHarn npakmuyecku ucyedaem. MakcumarnbHbil nuk (1)
Habnodancs ripu pH 0,8-2, a makxe 8 amux ycrosusix nomeHyuas nuka npakmu4yecku He U3MeHS-
emcs. QkenepumeHmarnbHo ycmaHosneHo, Ymo Na/Jb6C, komopbili exo0um 8 cocmae uccriedyemozo
cpedcmea, npusoduUM K y8erluU4eHUro CUslbl moKa 8 MakcuMymMe nuka u cosuzaem rnomeHyuars nuka
8 bosiee aniekmporonoxumernbHyto cmopoHy (+0,25—+0,3 B). M3yyeHue enusiHus KOHUeHmpauuu
Na[l6C Ha ebicomy nuka eoccmaHosneHuss KHSO, noka3asno, 4mo npu ysenudeHUU KoOHUeHmpa-
yuu NaJbC do 1,2:10°% monb/n 8bicoma nuka cmpemMumerbHO ygesiudyueaemcs, a rnpu 0ocmuxe-
Huu 3,0-10°% monb/n ocmaemcs npakmu4Yyecku HeuameHHoU. JluHeliHas 3asucumocmes Habrodanack
8 QuanasoHe KoHueHmpauyult KHSO; (1,8-9,0)-10° monb/n, ypasHeHue 2padyupo8oyHo20 epadchu-
ka: |, = (4,3+1,1)-10*c (r = 0,998). lNpu onpedeneHuu KHSO, 8 pacmeopax 0e3uHpuyupyowezo
cpedcmea «3koyud Cx» ¢ kKoHUueHmpauusmu 4,65-10°%, 6,20-10°u 7,75-107° morns/n omHocumerns-
Hoe cmaHdapmHoe omkroHeHue (RSD) cocmaesuno 0,025, 0,023 u 0,021 coomeemcmeeHHO (0 =
—0,64...+0,16 %); LOD = 6,50-10-° mons/n, LOQ = 2,17-10-° monb/n.



