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y KBapIOBHX KIOBETaX 3 TOBIIMHOI MOTTUHAIBHOTO Imapy 1,0 cM. YV pobOoTi BUKOPHCTOBYBAIU
TPUENIEKTPOJIHY YapyHKY (1HAMKATOPHUM €1eKTPOA — PTYTHUHN KpamajdbHUl, eIeKTPO MOPIBHIHHS
— HACUYCHHH KaJIOMENIEBUH, TOTIOMIXHUI €JICKTPO — IUIATHHOBHI). PO3UMHEHHI KHCEHb yCyBaIH
0apOOTYBaHHSIM OYMILIEHOT'O aprOHY BIIPOJIOBXK 15 xB. 4-[2-(3-Metun-5-okco-1-denin-1,5-guriapo-
4H-nipa3on-4-inigen)-rigpasuHo] - 6enzencynbponary Hatpito (III'BC) — opaHxkeBHil MOpPOIIOK,
no0pe po3YMHHUN y BOAI; HEOOOPOTHO BIJHOBIIOETHCS B OJHY CTaIil0 y IMIHPOKUX MeEkKax
kucnotHocTi cepenouma (pH 1 — 11). [loTeHmian miky BiJHOBICHHS JIHIAHO 3CYBa€ThCS B
KaToJHy 00JIacTh 31 3MEHIIIEHHSAM KHUCJIOTHOCTI cepeloBHIna 3 KyToBuM Koedimientom 60 mB/pH,
1110 BKA3Y€ HA Y4acTh OJHOTO 10HY Fi[pOreHy Ha OJMH eIEKTPOJ B KATOAHOMY Tporieci. FiMoBipHHit
MEXaHi3M BiJHOBJIEHHS:
R-HN-N=R'+ 2H" +2e — R-HN-NH-R'H.

31 3MIHOIO MIBHAKOCTI Tojaadi Hampyru nossipu3anii B Mmexax 0,4 — 2,4 B/c mporec
BIJTHOBJICHHS 3aJIMIIAETHCS MOBHICTIO HeoOopoTHuM mpu pH 1 — 11, Ha mo BKa3ye BiJACYTHICTh
aHomHux mikiB. Ha ancopOuiiiHy mnpupoay CTpyMmMy BKazye KyTOBHM KOE(IIIEHT KpUTEpiro
Cemepano Algl/AlgV, sikuii HaGyBae 3Hauens B Mexkax 0,8 — 1,0 3a konmenTpauiit [ITEC 1,0 x 107
—-1,0x 10 “Ms YCbOMY BHIIIEBKa3aHOMY Jiara3oHi KUCIOTHOCTI CEepeOBHIIA.

Hus pearenty III'BC xapaktepHi JBa MakCUMyMH Ha €JIEKTPOHHOMY CIIEKTpi MOTJIMHAHHS
mpu A=248 M Ta A=390 HM. Dopma CHEKTpiB MOIJIMHAHHS TNPAKTUYHO HE 3aJICKUTH BiJ
KHCIIOTHOCTI CEpE/IOBHUIIA, a PI3HUIIA y 3HAUCHHSIX ONTHYHUX I'yCTUH ITpu 390 HM I KOHIIEHTpAITii
1,0:10°M cranosuts 0,07. HopMmoBaHi criekTpu MOTJIMHAHHS BKa3yIOTh, 1[0 PEAareHT HE YTBOPIOE
TayToMepHHX (OPM Ta He MOTIMEPH3yeThCs B KOHIEHTpamiiiHOMy miamazomi 107°—107 M.
Po3paxoBani 3HauyeHHS €()EKTUBHHUX MOJSAPHUX KOCQIIEHTIB CBiTIomoriauHaHHsA npu pH=S5,0
CTaHOBJIATH: €48 = (1,57£0,06)- 10* ;r-xmoms ' xem™! Ta €390 = (2,50+0,08)- 10* ;1-x momp ' xem ™.

Ha ocHoOBi mpoBeneHuX AOCHIIKEHb Oyl0 BCTAHOBJIEHI YMOBH KUIBKICHOTO BHU3HAYEHHS

III'BC 3a cTpyMOM BiTHOBJICHHSI Ta 32 BIACHUM CBITJIOTIOTJIMHAHHAM (MeXa BusiBiIeHHs 1,5 — 7,0 X
7
10" M).

1. Ilayai 1. TloteHuioctar i mossporpadii 31 MBHIAKOI po3ropTkoro noteHmjany / I [Namai,
I1. Pumuyk, O. Tumorryk // Bich. JIbBiB. yH-Ty. Cepist xiM. —2017. — Bumn. 58., Y. 1. — C. 219-224.
2. http://chem.Inu.edu.ua/mtech/mtech.htm.
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Sucralose [1 — 3] is one of the most used sugar substitutes in the world. It is three times as

sweeter as aspartame, twice as sweeter as saccharin and 800 to 1000 times sweeter than the sucrose
[4—5].
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Fig. 1. Sucralose
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It has been considered idoneous for use in the USA, in Canada, in Australia and in the
European Union [4]. Its chemical composition is related to that of the carbohydrates. But,
containing three chlorine atoms, it may present toxic effects like mutagenesis, carcinogenesis,
provoke obesity and growth of glycosis levels [3 — 4, 6 — 8]. Moreover, while kept in unappropriate
way, it may form dioxines, even more toxic compounds [9]. The sucralose decomposition during
baking may lead to the chloropropanoles formation [10]. So, the development of an efficient
method for sucralose electrochemical detection is really actual [11 — 14], and the use of
electrochemical methods for it would be very interesting.

For now, no direct electrochemical methods for sucralose have been developed, except, HPLC
with amperometric pulse [15 — 16]. In order to immobilize sucralose selectively, it would be
suitable to modify the electrode with compounds, containing pyridinic nitrogen heteroatoms capable
to react selectively with the chloroorganic groups of sucralose.

One of the interesting candidate may be a novel triazolic derivative, containing thiophenic
moiety, enhancing its conductivity and even making it capable to polymerize (in certain conditions),
obtained previously by our group. It has a capability to immobilize sucralose specifically on the
electrode surface and enhance the electrode selectivity and precisity.

Nevertheless, the introduction of new modifiers may confront the problems like:

- the indecision in the modifier mechanism of action;

- the compatibility of the modifier with the analyte;

- the presence of electrochemical instabilities, accompanying the electrochemical oxidation
of different compounds, including the electropolymerization processes [17 - 18].

The mentioned problems may only be solved by means of an analysis of a mathematical
model, capable to describe adequately the electroanalytical system. By modeling it is also capable
compare the behavior of this system with that for the similar ones without any experimental essay.

So, the goal of this work is the mechanistic theoretic analysis of the possibility of sucralose
overoxidized-polypyrrol-assisted electrochemical quantification. In order to achieve it, we realize
the specific goals:

- suggestion of the mechanism of the immobilization and electroanalytical reaction, leading
to the appearance of analytical signal;

- development of the balance equation mathematical model, correspondent to the
electroanalytical system;

- analysis and interpretation of the model in terms of the electroanalytical use of the system,;

- the seek for the possibility of electrochemical instabilities and for the factor, causing them;

- the comparison of the mentioned system’s behavior with the similar ones [19 - 21].

The sucralose immobilization on the triazolic compound may be represented on a Fig. 1.
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Fig. 1. Sucralose immobilization on a triazolic compound

The quaternary salt formed during the immobilization will be more conductive, providing
more efficiency in sucralose electrochemical determination and more rapid electrochemical stage.

For galvanostatic mode, the system will be described by a trivatiant system with the variables:

¢ — sucralose concentration in the pre-surface layer;

0 — the quaternary salt coverage degree;

q — the anode charge density.

To simplify the modeling, we suppose that the reactor is intensively stirred, so we can neglect
the convection flow. Also we assume that the background electrolyte is in excess, so we can neglect

o] OH

CH,0H—H0
2l
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the migration flow. The diffusion layer is supposed to be of a constant thickness, equal to 6, and the
concentration profile in it is supposed to be linear.
It is possible to show that the behavior of this system may be described by the classical
bivariant equation set, described as:
de 244
- —(E[cn - c]—'.r',_)

dt &
dé 1
@ g
dg _ . .
at | F (1)

In which D is the diffusion coefficient, co,is its bulk concentration, G is the adduct maximal
surface concentration, r;, and r, are the reaction rates, ir is the Faraday current.

From the theoretical investigation of the possibility of the sucralose electrochemical detection,
assisted by a triazolic derivative, it is possible to conclude that:

- The triazolic may serve as an excellent modifier for sucralose quantification, immobilizing
it selectively. The immobilization makes the compound more conductive and more sensitive to
sucralose presence. The stable steady-state is maintained easily, and the system is
electroanalytically efficient;

- Depending on the electrode size and on analyte concentration, the process may be
diffusion- or reaction-controlled;

- The oscillatory behavior in this system is possible, being caused by DEL influences of the
electrochemical and chemical reactions;

- The monotonic instability in this system is also possible, being caused by the equality of
the destabilizing influences in DEL to the stabilizing ones.
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