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IKCmpaKyuoHHble CUCEMbL HA OCHOGE 6000PACHEOPUMBIX NOJIUMEPOE NPEOCM ABIAION
co0011 6apuanm «3eaeHo» IKCMPAKYUU, OMAUYAIOUWUILCA RPUMEHEHUEM (e38PEOHDIX, IKOI0ZU-
YyecKu 6e30nacHbIX peazenmos. AKmyaipbHoCmb padonmvl 00yci061eHa 603PACMAlOuUMU MPedo-
GAHUAMU K IKCHPAZEHMAM, CHOCOOHBIM 00ecneuums npaKmu4ecKy noiHoe u3eieueHue copou-
HOBOII 1t DEH30IIHOT KUCTION U3 RUULEBbIX 00BEKMOE C UEIbI0 UX NOCTIE0YIOUe20 KOIUYECMEEHHO20
onpeoenenus. Paboma noceawena usyuenuio IKCmpazupyiowieii Cnocoonocmu 610K-conoaumepa
«Ilnyponuky no omuouienuio K cOpoOUHOBON U PEH30UHON KUCIOMAM U YCHAHOB1EHUI0 3aKOHO-
MepHOocmell mexchaznozo pacnpedenenun 6 ucciedo8annvix cucmemax. Heuonozennvie nosepx-
HOCHHO-AKMUGHbIE DJIOK-CONOAUMEDD IMUTIEHOKCUOA U RPONUTIEHOKCUOA 00eCneuu8aom 6vico-
Kue Koluuecmeennsle NOKa3amenu Mexchasnozo pacnpeoenenus WupoKozo Kiacca opzanuue-
CKux eeujecme. B nebonvuiux xonuuecmeax copounoeas u 0eH300HAA KUCA0MbL 6 COCHIAEE NPO-
OYKMO08 NUmManus He OKA3blealom He2amueHo20 6JIUAHUA HA 300P08bE Uel06eKa, HO 3A8blIEHHOE
cooepicanue KOHCEPBAHMOG GbI3bleaem namonozuu opzauuima. Ilosmomy paspabomka Hnogwix
MemOoOUK U36J1e4eHUA U ONPeOeIeHUsl COPOUHOBOIL U DEH3O0IHOI KUCION 8 800HBIX CPeOax C ye-
J1b10 OAIbHEUWIe20 KORMPONA UX COOEPIHCAHUA 6 NUWEGHIX 00BEKMAX ACNACMCA AKMYANbHOU 3a-
daueil ananumuyeckoil xumuu. B cmamuve npugooamcesa paccuumannvie korhpuyuenmst pacnpe-
OeleHUA U CHEeNnend U36/1e4EeHUA COPOURO6OI U DEeH30UHOI KUCIOM ¢ NPUMEHEHUEM 6 Kauecmee
IKcmpazenma 010k-cononumepa «Ilnyponux» u evicanueamens cyavpama ammonus. Ycemanos-
JIeHbl KOHUEHMPAUUU AHATUMOG U IKCIPAZEHMA, 4 MAKMce COOMHOUIEHUE 00beM08 600HOIL U
OpzaHuyecKoul (haz, RPU KOMOPHIX O0CHMUZAIOMCA MAKCUMATIbHBLE IKCHMPAKYUOHHbIE XAPAKMepU-
cmuku. B pabome npumenen snekmpogopemuueckuil ananus 600HOU Pazvt nocie IKCMPAKYUU,
YCMAHO6IEHbl NAPAMEMPbL KOJUUECHIBEHHOZ0 ONPEOeIeHUA COPOUROBON U DEH3OWUHOU KUcaom.
Ilpeonoostcensvt cxemul e3aumooeiicmeus O10K-COROIUMEPA C AHATUMAMU 3A CYEm 6000POOHBIX
ceazeil, yuumoleaioujue ocooennocmu cmpoenus «llnyponuka» u uzenexaemuix éeuiecme.
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Extraction systems based on water-soluble polymers are a variant of “green” extraction,
characterized by the use of harmless, environmentally friendly reagents. The relevance of the work
is due to the increasing requirements for extractants capable of ensuring almost complete extrac-
tion of sorbic and benzoic acids from food objects for the purpose of their subsequent quantitative
determination. The work is devoted to studying the extracting ability of the Pluronic block copoly-
mer in relation to sorbic and benzoic acids and establishing the patterns of interphase distribution
in the studied systems. Nonionic surfactant block copolymers of ethylene oxide and propylene oxide
provide high guantitative indicators of interfacial distribution of a wide class of organic substances.
In small quantities, sorbic and benzoic acid in food products do not have a negative effect on human
health, but high levels of preservatives cause pathologies in the body. Therefore, the development
of new methods for the extraction and determination of sorbic and benzoic acids in aqueous media
with the aim of further monitoring their content in food objects is an urgent task of analytical
chemistry. The article presents the calculated distribution coefficients and the degree of extraction
of sorbic and benzoic acids using the Pluronic block copolymer and ammonium sulfate as an ex-
tractant. The concentrations of analytes and extractant, as well as the ratio of the volumes of aque-
ous and organic phases at which maximum extraction characteristics are achieved, have been es-
tablished. Electrophoretic analysis of the aqueous phase after extraction is used in the work. Pa-
rameters for the quantitative determination of sorbic and benzoic acids were established. Schemes
for the interaction of the block copolymer with analytes due to hydrogen bonds are proposed, taking
into account the structural features of Pluronic and the extracted substances.

Key words: sorbic and benzoic acids, extraction, block copolymer, Pluronic, capillary electrophoresis

this preservative can provoke allergic reactions [2]. If

INTRODUCTION .. o "
the permissible limit is exceeded, more critical conse-

The modern food market is almost impossible
to imagine without the use of preservatives, thickeners,
stabilizers, flavoring additives, and dyes. In small
guantities, the listed substances do not have a negative
effect on human health, while a significant part of man-
ufacturers do not comply with established standards for
controlling the content of additives in food products.
Unregulated content of these components can cause
not only allergic reactions, but also cause the develop-
ment of chronic pathologies [1]. Benzoic acid and its
salts are not always harmless to human health, even in
the minimal quantities in which they are present in
food products. In small quantities with frequent use,
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guences can occur: impairment of cognitive functions,
neurotransmission, development of acidosis, convul-
sions and hyperpnea [3]. Sorbic acid and its derivatives
are less toxic to humans, however, there are cases in
which these substances initiated allergic reactions, in-
cluding dermatitis [4]. When entering the human body
in large quantities, food additives of this group can de-
stroy vitamin B12, the deficiency of which can cause
the development of anemia, as well as various neuro-
logical disorders [5].

The requirement for the content of preserva-
tives is regulated by the Customs Union [6]. The max-
imum permissible concentration of sorbic and benzoic
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acids and their salts in soft drinks is 300 mg/dm? and
150 mg/dm?, respectively [7].

Currently, there are various instrumental meth-
ods for determining the components of food additives,
including chromatographic, spectrophotometric and
electrophoretic techniques [8]. Considering that most
food products have a complex multicomponent matrix,
there is a need for a preliminary sample preparation
stage, which ensures the isolation and concentration of
analytes. Liquid-liquid extraction is most widely used
for these purposes, but the classic version of extraction
requires large volumes of toxic solvents and is charac-
terized by complexity and time-consuming perfor-
mance [9].

Due to their unique physicochemical, struc-
tural and technological properties, water-soluble poly-
mers are promising extractants for the extraction of or-
ganic compounds of various classes, including sorbic
and benzoic acids, from aqueous solutions [10-12].
Such extractants are environmentally safe, non-toxic,
and at the same time they provide high guantitative
extraction rates. Among water-soluble polymers, a
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special place is occupied by nonionic surface-active
block copolymers of ethylene oxide (EO) and propyl-
ene oxide (PO) with the composition (EO)x—(PO)y—
(EO)x, produced under the Pluronics trademark [13,14].
These polymers are among the most popular modern
auxiliary substances in various fields of chemistry and
medicine. They are used as micellar containers for the
delivery of drugs, artificial blood components, and com-
positions for the treatment of wounds and burns [15-17].
The purpose of this work is to study the inter-
facial distribution of benzoic and sorbic acids in extrac-
tion systems based on the Pluronic block copolymer.

EXPERIMENTAL PROCEDURE

The reagents used in the work were “Sorbic
acid” and “Benzoic acid” of chemically pure grade, some
of the characteristics of which are given in Table 1. “Plu-
ronic R-123” was chosen as the extractant, which is an
alternating triblock copolymer, in the macro chain of
which there are 2 blocks of 20 monomer units of eth-
ylene oxide and a block of 70 units of propylene oxide
separating them (Fig. 1).

Table 1
Some physicochemical characteristics of sorbic and benzoic acids
Tabnuya 1. HexoTopsble PU3NKO-XUMHYECKHE XaPAKTEPUCTUHKHN COPOUHOBOI M OeH30iiHOI KHCI0T

Solubility in water, o pKa

Substance Structural formula | Molar mass, g/mol gldm? Ty, °C (at 25 °C)

[@)
Sorbicacid ||~ A, 112,13 0,16 (20 °C) 228 477
o]

Benzoic acids Q)J\OH 122,12 3,44 (25 °C) 250 4,21

CH
0 o
H 0 OH
X ¥ z

Fig. 1. Structure of the block copolymer "Pluronic™
Puc. 1. Ctpykrypa 650k-cononumepa «IImypoHuk»

To conduct the experiment, a solution of sorbic
and benzoic acids was prepared with concentrations of
0.001-0.025 mg/cm? and 0.01-0.035 mg/cm?®, respec-
tively, in a saturated solution of ammonium sulfate,
which ensures the most complete release of the poly-
mer into a separate phase [11, 18]. The concentrations
of the Pluronic block copolymer in aqueous solutions
were 3-6 mg/cm?®. 10 cm?® of sorbic and benzoic acid
solutions and 2-4 ¢cm? of an aqueous polymer solution
were placed in graduated test tubes with a capacity of
25 c¢cmd. The separation time of the extraction system
was no more than 5 min. To establish interfacial equi-
librium and complete separation of the system, the ex-
traction system was centrifuged at 5000 rpm for 10 min.
The ratio of the volumes of equilibrium aqueous and
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organic phases r (r = VB/Vo) was measured.

The water-salt phase was separated from the
organic phase and analyzed by capillary electrophore-
sis: voltage +20 kV, temperature 24+1 °C, water sam-
ples: hydrodynamic under a pressure of 30 mbar for 15 s
[11, 19]. Two electropherograms of each portion of the
prepared sample were recorded, and sorbic and ben-
zoic acids in the sample were identified and deter-
mined. The determination of sorbic and benzoic acids
is carried out at a wavelength of 254 nm, the leading
electrolyte is sodium tetraborate, 10 mM, pH 9.2. Dis-
tribution coefficients (D) and the degree of recovery
(R, %) of analytes from a water-salt solution were cal-
culated using known equations [20].

RESULTS AND ITS DISCUSSION

Despite the fact that many methods are known
for the determination of benzoic and sorbic acids in
food, pharmaceutical and cosmetic products, the devel-
opment of simple, highly effective sample preparation
methods remains an urgent task. Extraction of analytes
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with the Pluronic block copolymer is a variant of
“green” chemistry and is a promising direction in the
development of analytical chemistry [21-23].

In Table 2 and 3 present the results of a single
extraction of sorbic and benzoic acids using the Plu-
ronic R-123 block copolymer. For both acids, the high-
est degree of extraction (up to 96%) is achieved at an
extractant concentration of 5 mg/cm?® and a ratio of
agueous and organic phases of 10:4. The concentra-
tion of sorbic acid is 0.010 mg/cm?®, benzoic acid is
0.025 mg/cm?, increasing the concentrations of ana-
lytes does not lead to an increase in the degree of ex-
traction.

Under these conditions, separate electropho-
retic determination of the two acids was carried out.
Let us note that the determination of benzoic and sorbic
acids in alcoholic and non-alcoholic drinks by the
method of capillary electrophoresis is regulated by
GOST R 53193 2008 [24].

Table 2
Extraction characteristics of sorbic acid when extracted
with Pluronic (n =3, P =0.95)
Tabnuya 2. IRcTpaKIUOHHBIE XaPAKTEPUCTUKH COpOU-
HOBOI KMCJ10ThI IpU u3BJeyeHnu «Ilryponnkom»

Table 3
Extraction characteristics of benzoic acid when ex-
tracted with Pluronic (n = 3, P =0.95)
Tabnuya 3. IKCTPAKUNOHHBbIE XaPAKTEPHUCTHKHU OeH-
30HOM KMCJIOTBI MPpHA U3BJCHECHUU «HJIypOHl/IKOM»

(n=3, P =0,95)

Concentration of benzoic acid, mg/cm®] D | R,%

r=10:2
0.01 84+6 94.4
0.015 88+6 94.6
0.02 80+6 94.1
0.025 93+7 95.1
0.03 89+7 95.4
0.035 87+7 95.3

r=10:3
0.01 2342 87.4
0.015 28+2 89.5
0.02 2542 88.3
0.025 41+4 92.6
0.03 43+3 92.9
0.035 3543 91.4

r=10:4
0.01 5143 95.3
0.015 53+4 95.5
0.02 56+3 95.7
0.025 61+4 96.1
0.03 4943 95.1
0.035 47+3 94.9

(n=3, P =0,95)

Sorbic acid concentration,mgicm®* | D [ R, %

r=10:2
0.001 20+3 85.2
0.003 37+3 88.1
0.005 45+3 90.0
0.007 47 £3 90.4
0.009 5143 91.1
0.010 58+3 92.1
0.015 49+3 90.1
0.025 42+4 89.4

r=10:3
0.001 10+1 76.9
0.003 12+1 80.1
0.005 13+1 81.2
0.007 162 88.9
0.009 25+2 89.2
0.010 2742 90.1
0.015 32+2 91.4
0.025 13+1 81.2

r=10:4
0.001 2545 90.1
0.003 20+5 | 921
0.005 3445 93.2
0.007 38+5 93.8
0.009 43+6 94.5
0.010 49+6 95.1
0.015 44+5 94.6
0.025 38+5 93.8
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Based on the obtained extraction results, it can
be assumed that the interfacial interaction in the sorbic
(benzoic) acid — “Pluronic” systems is carried out due
to hydrogen bonds with the participation of carboxyl
groups of acids (Fig. 2 and 3). In the main chain, eth-
ylene oxide units can form hydrogen bonds with water
molecules. The absence of side substituents makes Plu-
ronic macromolecules flexible enough to interact with
water, which is determined by the hydrophilicity of
polyethylene oxide chains and the hydrophobicity of
polypropylene oxide (due to the presence of methyl
substituents) [14, 25, 26].

Pluronics, like most amphiphilic compounds,
in aqueous solution at certain concentrations and tem-
peratures form various supramolecular associates, incl.
micelles. At low concentrations, pluronics exist in the
form of unassociated molecules, which are ideal coils
[14]. With increasing concentration of pluronic in the
solution, micelles are formed, which are in a state of
equilibrium with single molecules. In agueous solu-
tions, the molecules of block copolymers EO and PO
aggregate into micelles, the core of which is formed by
a polypropylene oxide block, and the crown is formed
by hydrated polyethylene oxide blocks [16].
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Fig. 3. Scheme of interaction in the benzoic acid — “Pluronic” system
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CONCLUSIONS

The extracting ability of the block copolymer
“Pluronic-R123” in relation to sorbic and benzoic acids
has been studied in the work. The distribution coeffi-
cients and degree of recovery of analytes in extraction
systems based on water-soluble polymer were calcu-
lated. The concentrations of “Puronic” and acids, the
ratio of phase volumes at which maximum extraction
characteristics are achieved, have been established.

ChemChemTech. 2024. V. 67.N 7

Based on the structure of the block copolymer, a mech-
anism of interfacial interaction in the Pluronic systems
— sorbic (benzoic) acid — has been proposed. Determi-
nation of analytes after extraction from aqueous media
was carried out by capillary electrophoresis.

The authors declare the absence a conflict of
interest warranting disclosure in this article.

Aemopbl sasensaom 00 omcymcmeuu KOH-
@auxma unmepecos, mpedyouie2o pacKkpolmus 8 OaH-
HOU cmambe.
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