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VOLTAMMETRIC DETERMINATION OF MAGNE-
SIUM MONOPEROXY-PHTHALATE IN PURE SUB-
STANCE AND DISINFECTANT “DISMOZON PUR”

The electrochemical behavior of magnesium monoperoxyphthalate (MMPP) has been
studied using alternating current voltammetry with square wave modulation in potential range
+1.0..—1.2V at carbositall electrode as indicating (working) and auxiliary electrode (reference electrode
Ag,AgCl/KCl(sat)). The peak was obtained at Ep = +0.15V on the background of 0.1 mol L' Na,SO,
and 0.02 mol L' KHSO, (pH= 3), whose height was rising proportionally to MMPP
concentrations increasing. The linear dependence was observed in the MMPP concentration range
(2.42-10.72)x107° mol L™, calibration curve equation was Ip = (6.4=0.2)x10°<¢c (r = 0.998); LOD =
= 7.26x107% mol L', LOQ = 2.42x10°% mol L. For determination of MMPP in disinfectant “Dismozon
pur” was used the addition method, so RSD were 1.82, 1.61 and 1.48 % (6 = —0.40...—0.04 %); ¢ were 2.3,
2.0 and 1.8 % for solutions with the MMPP concentration of 4.02x107%, 5.35x10°% and 6.70x10~% mol L™

respectively.
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STATEMENT OF THE PROBLEM
Magnesium monoperoxyphthalate hexahydrate
(MMPP) is organic peroxide belonging to the fami-
ly of oxygenreleasing agents. It is effective disinfec-
tant and bleaching agent. It is widely used in medi-
cine, agriculture, food and other industries as a disin-
fectant, antiseptic and sterilizing agent [6, 7, 15, 18].

Mg2* - 6H,0

Fig. 1. Formula Magnesium monoperoxyphthalate
hexahydrate

In the active substance MMPP the active oxy-
gen component monoperoxyphthalic acid is present
in a stable, storable form. The microbiologically ac-
tive principle of all oxygen donors is the active —
nascent — oxygen, which oxidizes all vital cell com-
ponents of the microorganisms. It has bactericidal,
yeasticidal, tuberculocidal, sporicidal, virucidal
against enveloped viruses (incl. HBV, HIV, HCV),
activity.
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MMPP is also used as the active ingredient
in certain disinfectants such as “Dismozon pur”
(BODE Chemie GmbH, Hamburg). Besides the
MMPP (80 %) (mass fraction of active oxygen
3.9 %) it comprises excipients: sodium dodecylben-
zenesulfonate (SDBS), sodium cumenesulphonate,
isotridecanol-ethoxylate and esterificated methyl-
hydroxyethyl cellulose. SDBS acts as a surfactant,
thus provides contact with pathogens oxidant; re-
acts with membrane lipids and proteins causing
denaturation of the cell membranes. As a surface
disinfectant MMPP exhibits a broad spectrum bio-
cidal effect. Its wide surface compatibility enables
its use on sensitive materials, such as plastic and
rubber equipment used in hospitals.

“Dismozon pur” is suitable for the disinfectant
cleaning of washable surfaces in a wide variety of
medical areas and also for food-processing opera-
tions and industry. As a result of its microbiologi-
cal performance and its specific active substance
(MMPP) it is recommended for routine use in sensi-
tive areas and areas in the proximity of patients,
such as e.g. operating theatres, intensive care units
and obstetric units. It is used for comprehensive
high-performance disinfection of washable sur-
faces and equipment in areas that are relevant to
hygiene and sensitive to odours, especially for the
disinfection of highly sensitive materials. “Dis-
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mozon pur” is also available as sterile version for
use in pharmaceutical class A and B cleanrooms.
“Dismozon pur” is supplied as a granulate in
20 g sachets. The sachet permits simple and reli-
able dosing. It is used as aqueous solutions in the
working concentrations of 0.5 to 4 %. The use-so-
lution must be renewed every working day so that
the active oxygen level necessary for the product’s
full microbiological effectiveness is guaranteed.

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

The mass fraction determination of active oxy-
gen in the preparation is carried out by cerimetric
and iodometric volumetric analysis [3].

Extensive literature survey reveals that, due
to the well-known selectivity and sufficiently high
sensitivity, the most common method of the perox-
ide compounds analysis are a voltammetry meth-
ods with variety indicator electrodes|[1, 4, 8-14, 16,
17, 19-22]. Along with dropping mercury electrode
(DME), platinum and gold electrodes the electrodes
based on carbon materials such as glassy carbon,
pyrographite and carbositall are widely used.

ALLOCATION OF THE UNSETTLED BEFORE
PARTS OF THE COMMON PROBLEM

Carbon electrodes offer new feasibility of the
peroxides analytical determinations which virtu-
ally impossible carry with mercury electrodes,
although it does not have constantly updating sur-
face properties and not so easy to use, because they
require a lot of effort for their preparation and ser-
vice. Carbositall is the material from pyrograph-
ite, but unlike him, due to its specific structure
has isotropic properties, requires no special orien-
tation in the electrode device, has a high electrical
conductivity and it is practically non-porous, so
that there are small residual current. It has a low
resistivity, practically impermeable to gases and
resistant to oxidation by atmospheric oxygen. It is
less fragile, easily to mechanical polishing [2] and
relatively cheap than glassy carbon. A low rates of
electrode processes are characteristic of the car-
bositall electrode (probably due to poor oxygen
adsorption capacity). It should be noted that car-
bositall electrode can successfully replace mercury
(negative potential region) and platinum (positive
potential area) electrodes in the analysis of perox-
ide compounds complex mixtures by voltammetry.

FORMULATION OF OBJECTIVES
The aim of the present work is to determine the
feasibility of quantitative determination of MMPP
in pure substance and disinfectant “Dismozon

pur” by cathodic voltammetry using carbositall
electrode as indicating electrode.

THE MAIN MATERIAL OF RESEARCH
MATERIALS AND METHODS

The solution of MMPP («Impuls», Poland) was
freshly prepared and standardized iodometrical-
ly. The stock solution was prepared by dissolving
0.7732 g of the powder (mass fraction of MMPP
55%)inal1l00mLvolumetricflaskbydoubledistilled
water to give the concentration of 1.34x1072 mol L.
10 mL of 1.34x1072 mol L solution of MMPP was
diluted in a 100 mL volumetric flask with double
distilled water to obtain a 1.34x1073 mol L of
MMPP solution.

The background solution consists of mixture of
potassium hydrogensulfate (KHSO,) and sodium
sulfate (Na,SO,) solutions. 68.1 g of KHSO, in a
500 mL volumetric flask by double distilled water
to give the concentration of 1 mol L *. 142.0 g of Na-
,90, in a 1000 mL volumetric flask by double dis-
tilled water to give the concentration of 1 mol L.

The sample preparation which was subjected
to the analytical procedures for the analysis of
MMPP was disinfectant “Dismozon pur” (BODE
Chemie GmbH, Hamburg). This solution was pre-
pared by dissolving 1.0 g of preparation (accurate
weight) in 100 mL volumetric flask by double dis-
tilled water to give a concentration of prepara-
tion 1.0 % (concentration of MMPP in mass was
2.7x102 mol L'"). 10 mL of this solution was diluted
in 100 mL volumetric flask with double distilled
water to obtain a solution of 2.7x1073 mol L' MMPP
(control by iodometric method).

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

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

RESULTS AND DISCUSSION
The effect of nature and pH of background solution
The effect of pH on the reduction process
was investigated by recording voltammograms
of MMPP at a 2.7x10* mol L' concentration
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at several pH values ranging from 1.5 to 6.0
(Fig. 2). A mixture of 0.5 mol L' Na,SO,
+ 0.05 mol L™ KHSO, was used as background
solution and the pH of the solution from 1.5 to 6.0
was changed gradually adding NaOH 0.2 mol L.
The pH was measured using ionmeter type I-160M
(Belarus) with a glass electrode type ESL-43-07
paired with Ag,AgCl/KCI (sat) electrode.

As can be seen, height of MMPP reduction peak
decreases and potential of reduction peak is shifted
toward more electronegative values with increasing
of background electrolyte pH from 1.5 to 6.

The maximum peak (Ip) occurs at a pH approxi-
mately 3 and at a pH around 6 analytical signal al-
most disappears (Fig. 3). The effect of pH on peak
potential (&) shows the following: when pH value
increases in the interval from 2 to 4, Ep remains
almost constant, but E, decreases sharply to nega-
tive value with pH increasing over 4 (Fig. 4). So,
the optimal peak for the analysis (E,=+0.15V) was
obtained at pH~3 on the background of 0.1 mol LL!
Na,SO, and 0.02 mol L' KHSO,.

The calibration curves method is used to
quantify the concentration of MMPP. The study
was conducted in solutions with a concentration of
MMPP from 2.42x1075 to 10.72x107° mol L.

The procedure of quantitative determination of
MMPP in pure substance

Working solutions were prepared by diluting
different volumes of stock solution 1.0, 2.0, 2.5,
3.0 and 4.0 mL of the stock solution and 5 mL of

300
A I I

1 mol L' Na,SO, + 1mL of 1 mol L' KHSO, each in
50 mL volumetric flask by double distilled water.
25 mL of the working solution of pure substance
was transferred to the cell. The voltammograms
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 peak was obtained at E = +0.15V on the
background of 0.1 mol L.'! Na,SO, and 0.02 mol L!
KHSO, (pH=~3), whose height was rising propor-
tionally to MMPP concentrations increasing. The
graph was plotted in the following coordinates:
the height of peaks I in pA at E = +0.15V on the
ordinate axis and corresponding concentration of
MMPP ¢ in mol L ! on the abscissa axis (Fig. 5). The
calibration curve equation was I = (6.4+0.2)x10%<c
r = 0.998); LOD = 17.26x10° mol L7,
LOQ = 2.42x107° mol L. The obtained results are
summarized in Table 1.

The reproducibility was evaluated from 5 re-
peated electrochemical signal measurements of
model solutions with 5.36x1075, 6.70x107® and
8.04x1075 mol ! concentrations of MMPP. The pre-
cision of the developed method in terms of the rela-
tive standard deviation (RSD) were 2.91, 2.88 and
2.21 %, respectively (n = 5, P = 0.95). The obtained
results were agreement with those obtained by us-
ing the reference method of iodometric titration,
with an accuracy 6 = —0.45...4+0.78 %. The obtained
results are summarized in Table 2.

Ll my

100
R TR

Fig. 2. Voltammogram of MMPP reduction at a concentration of 2.7x10~* mol L™ at different pH values
of the background solution: 1 —1.5,2—-2.0,3-2.9,4—-3.5,5-4.0,6 —6.0
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Fig. 3. Influence of pH on the peak intensity of the reduction process of MMPP at the carbositall
electrode (reference electrode Ag,AgCl/KCl(sat))
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Fig. 4. Influence of pH on the peak potential of the reduction process of MMPP at the carbositall
electrode (reference electrode Ag,AgCl/KCl(sat))
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Fig. 5. The calibration graph of the MMPP reduction current peack vs. concentration on the background
of 0.1 mol L™" Na,SO, and 0.02 mol L' KHSO, (pH~3) at carbositall electrode (reference electrode
Ag,AgCl/KCl(sat)); Ep =0.15V
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Table 1
ANALYTICAL CHARACTERISTICS OF THE CALIBRATION GRAPH OF MMPP
VOLTAMMETRIC DETERMINATION PROCEDURE IN PURE SUBSTANCE
Parameters Data
Concentration ranges (mol L) (2.42-10.72)x10°°
Regression equation I =(6.4+0.2)x10%%¢
a 6.4x103
b 0.023
Aa 0.7x103
Ab 0.05
S, 0.2x103
S, 0,02
Correlation coefficient () 0.998
LOD (mol L) 7.26:10°6
LOQ (mol L) 2.42-10°°
Table 2

EVALUATION OF ACCURACY AND PRECISION OF MMPP VOLTAMMETRIC DETERMINATION

PROCEDURE IN MODEL SOLUTION OF PURE SUBSTANCE (N = 5; P = 0.95%)

Taken, mol L™! Found, mol L™ Recovery, %=SD RSD, % g, % 8%, %
5.36x107° (5.40+0.19)x10° 100.78+3.65 2.91 3.62 +0.78
6.70x107° (6.67=0.24)x107° 99.55+3.57 2.88 3.58 -0.44
8.04x107° (8.04+0.22)x107° 99.98+2.32 2.22 2.75 -0.25

* Relative to the average reference method of iodometric titration

The procedure of quantitative determination of
MMPP in “Dismozon pur”

It was found that surface active substances
(SAS), which is the part of the test solution of
sample preparation has a catalytic effect (current
increases). The current increases, probably due to
relief desorption of reduction products from the
electrode surface, and the acceleration of electron
transfer in the course of electrochemical reactions
is caused by the ability of SAS to adsorb on hydro-
phobias surface of electrode and to form surface
film that changes the overpressure [5, 23]. So it
was decided to use the addition method for analysis
of the preparation.

Working solutions were prepared by diluting
different volumes of stock solution of the sample
preparation 1.5, 2.0 and 2.5 mL with 5 mL of
1 mol L' Na,SO, + 1mL of 1 mol L' KHSO, each in
50 mL volumetric flask by double distilled water.
A typical procedure involves preparing several
solutions containing the same amount of unknown,
but different amounts of standard. For example,
three 50 mL volumetric flasks are each filled with
1.5 mL of the unknown and then the standard
is added in differing amounts, such as 0.1 and 2
mL. The flasks are then diluted to the mark and
mixed well. 25 mL of each prepared solutions
were transferred to the cell. The voltammograms
were recorded by scanning the potential toward
the negative direction in the potential range from

+1.0 V to —1.2 V. All data were obtained at room
temperature.

At first voltammogram of test solution was
recorded and then a solution of known aliquots
of standard solution C_, was added and again
voltammogram was recorded. The concentration of
the test solution C_is given by the equation:

1

X

C,=C,-————,
) : [x+s _[x

where I — current peak of test solution; I, —
current peak of test solution with the addition of
a standard substance.

The high sensitivity of this method is
accompanied by a very good reproducibility. The
reproducibility was evaluated from 5 repeated
electrochemical signal measurements of model
solutions with the MMPP concentrations 4.02x107?,
5.35x107% and 6.70x107° mol L "!. The precision of the
method developed in terms of the relative standard
deviation (RSD) were 1.82, 1.61 and 1.48 %
6 = —-0.40...-0.04%) respectively. The results
obtained are summarized in Table 3.

CONCLUSIONS AND PROSPECTS
FOR FURTHER RESEARCH
Thus, a new voltammetric method of aqueous
solutions of magnesium monoperoxyphthalate
determination in pure substance and disinfectant
“Dismozon pur” using carbositall electrode as
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Table 3
THE RESULTS OF VOLTAMMETRIC DETERMINATION OF MAGNESIUM
MONOPEROXYPHTHALATE IN “DISMOZON PUR” (N =5; P =0.95%)

Taken, mol L Found, mol L Recovery, %=SD RSD, % g, % 8%, %
4.02x107° (4.00+0.09)x 10 99.60+2.26 1.82 2.3 -0.40
5.35x107° (5.35+0.11)x 10~° 99.96+1.99 1.61 2.0 -0.04
6.70x107° (6.68+0.12)x 105 99.73+1.84 1.48 1.8 -0.26

* Relative to the average reference method of iodometric titration [3]

indicating electrode has been developed and the
possibility of its quantitative determination has
been shown.

The linear dependence is observed in the
concentration ranges of pure substance varies from
2.42x107° to 10.72x107% mol L. The calibration
curve equation is Ip= (6.4+0.2)x103%c (r = 0.998);
LOD = 7.26x107° mol L}, LOQ = 2.42x107° mol L};
RSD = 2.21..2.91 %; & = 2.75 ..3.62 %;
8 = —0.44..+0.78 % for the electrochemical signal
of 5.36x107°, 6.70x10° and 8.04x10° mol L™
MMPP. For determination of MMPP in disinfectant
“Dismozon pur” was used the addition method, so
RSDwere1.82,1.61and 1.48 % (5=-0.40...—0.04%);
¢ were 2.3, 2.0 and 1.8 % for solutions with the
MMPP concentration of 4.02x107%, 5.35x107® and
6.70x105mol L respectively.
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BOJBTAMIIEPOMETPUYECKOE OITPETEJIEHUE MOHOIIEPOKCHU-O®TAJATA MATHHUA

B CYBCTAHITUHN U NESUH®EKITUOHHOM CPEJCTBE «IUCMO30H IIYP»
MeTooM KaTOAHOUM BOJIBTAIIEPOMETPUM C HCIOJIb30BAHMEM KAaK WHAWKATOPHOTO YIJIECU-
TAJJIOBOTO 3JIEKTPOLA W3YUYEHO IJIEKTPOXMMUUECKOE IIOBEJeHNe MOHOIepoKcudTaiara
maruaus (MMII®) B unTepBaje nmoreunmuanaos E = +1,0... —1,2 B (otu. nac. Ag,AgCl/KCl).
IMux (I ) 6611 mosryuen npu E_= +0,15 B va done 0,1 moas/1 Na,SO, u 0,02 mons/a1 KHSO,
(pH~3), BRICOTA KOTOPOrO yBeJuumBaerca ¢ pocrom KoHrenrparnuu MMIID. Jluneiinas 3a-
BHCHMOCTb HAOJIOZAJach B AuamnasoHe KoHmeHTpanuit (2.42-10.72)-107° monw/n1, ypaBHe-
Hue rpagyupoBovHoro rpaduka: I = (6,4=0,2)10% (r = 0,998); LOD = 7,26-107° mous/i,
LOQ = 2,4210°° moab/n. IOuasa oupemenenuss MMII® B pacTBOpax mne3wHPUIIMPYIOIETO
Cpe[ICTBa WCIOJIB30BaaM MeToZ 00aBoK. IIpy  BOJBTAMIIEPOMETPUYECKUX W3MEPEHUAX
MOZIeJIbHBIX PACTBOPOB A€3WMH(PUIUPYIOIIEro cpeactsa «J{ucMO30H Iyp» € KOHIEHTpAI[MeN
MMII® 4,02-10°°, 5,35:107° u 6,70-107° moss/1 RSD cocrasuio 1,82, 1,61 u 1,48 % coorsert-
crBeHHO; § = —0,40...—0,04 % (0THOCUTEIHLHO CPESHEro pedepeHc-MeToma H0I0MEeTPUUECKOTO
TUTPOBAHUA).
KuaroueBsie cioBa: MOHOIEpPOKcU(PTAJIAT MArHWUs, BOJbBTAMIIEPOMETDHUS; YIJIECUTAJIIOBIN
BJIEKTPOJI, Ae3NH(PUIUPYIOIee CPEACTBO.

YK 541.138: 54.061/.062: 543.253: 54-39: 541.459

M. €. Baaxeescbkuii, 0. 0. Mosrosa

BOJBTAMIIEPOMETPUYHE BUSHAYEHHS MATHIY MOHOIIEPOK-CUDPTAJIATY

Y CYBCTAHIIII TA TE3IH®EKIIITHOMY 3ACOBI « TUCMO30H IIYP»
MeTomom KaToAHOI BOJIbTAaI€pPOMETPil 3 BUKOPUCTAHHAM AK iIHAUKATOPHOTO BYIJIECUTAJIOBO-
T'0 eJIEKTPOJla BUBUEHO eJIEKTPOXiMiUHYy ITOBeAZiHKY MartHito MoHonepoxkcudramary (MMIID)
B inTepBaui morernianis E = +1,0... 1,2 B (sign. mac. Ag,AgCl/KCl). IIik (I ) 6yB oTpuma-
uuit ipu E_= +0,15 B Ha domni 0,1 mons/1 Na,SO, ta 0,02 moxs/n KHSO, (pH=3), BucoTa
SAKOro0 3pocTace 3i 36iabireHHaM KouieHTparii MMII®. JIiniiina sajmexHicTh criocTepiraaacsa
y miamasoHi KoHieHTpaii (2.42-10.72)-10"° MoJb/J1, piBHAHHS I'Ppagy0BaJIbLHOrO rpadika:
I =(6,4+0,2)10%c (r = 0,998); LOD = 7,26-107° mosn/n1, LOQ = 2,42:107° moxp/n1. [ BusHA-
yenHa MMII® y po3unuaax nesinderiiHOro 3aco0y BUKOPUCTOBYBaIu MeTox nobaBok. IIpu
BOJIbTAMIIEPOMETPUYHUX BUMIPIOBAaHHSAX MOZIEJbHUX PO3UUHIB 3aco0y «I[mcmMo30H myp» C
KoHuenTpaniero MMII® 4,02-107%, 5,35-1075 ra 6,70-1075 moas/1 RSD mopisuosaso 1,82, 1,61
ta 1,48 % sigmosigmo; 6 = —0,40...—0,04 % (BimHOCHO CepeIHBOr0 pedepeHc-MeToaa Hogome-
TPUYHOTO TUTPYBAHHS).
KarouoBi caoBa: MmoHOIepoKcudTaaaT MarHitoo, BOJIbTaMIIEPOMETPifA; BYTJIECUTAJIOBUH eJIeK-
TpoJ, nesinderniiiamii 3acib.

Adpeca 0ns rucmyeanna: Hagifimna qo pegakiii:
61118 , m. Xapkis, Byis. Biroxepa, 4, 01.05.2015 p.

Kadernpa disuunoi Ta komoiguoi ximii HPay

E-mail: helio_helen@rambler.ru

Texn. (0572) 67-98-38
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