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Abstract. Vitamin B, (thiamine bromide) is a component of the ferments, which take part in the
exchange of substances flowing in alive organisms and has a wide application in medical practices
for medical treatment of different nerve illnesses. As alternative to polarograph detection of vitamin,
we propose a voltamperometric chemosensor where nanostructured surface of nickel is used as in-
dicator electrode. It claims that thiamine bromide has a significantly higher discharge intensity on
the nanostructural nickel electrode than on the smooth one in 2—3 times and increases in the factor
of tens as compared with mercury electrode. This significantly increases a sensitivity of sensor and
make it application more safe.
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BUCOKOUYYTJIMBUI CEHCOP JJI1 BU3SHAYEHHSA BITAMIHY B,
HA HAHOCTPYKTYPOBAHIY ITOBEPXHI HIKEJIIO

0. Illeguenxo, O. Jlym, O. Axcimenmuesa

Anorauig. Bitamin B, (tiamin 6pomin) BXoauTh 10 cKiaay (DEPMEHTIB, sIKi OEpyTh y4acTb B
OOMiHi pe4OBMH B XMBHMX OpraHi3Max, IO 3yMOBIIOE HOTr0O IIMPOKE 3aCTOCYBAHHSI Y MEIWUHII
OpakTUL JJIsI JTiKyBaHHSI pi3HOMaHITHUX HepBOBUX xBopoO. Ha BigMiHy Bim mossiporpacdiuyHoro
BU3HAYEHHS BiTaMiHy B, 3a1IpOIIOHOBAaHO BOJIBTAMIIEDOMETPUYHUI XEMOCEHCOD, B IKOMY $IK iH-
IUKATOPHU €JIEKTPOJI BUKOPUCTOBYETHCS HAHOCTPYKTYpOBaHa IIOBEPXHSI Hikeso. BcraHoBieHO,
110 iHTEeHCHUBHICTb PO3psiAy TiaMiH OpOMidy Ha HAHOCTPYKTYPOBaHili HiKeJieBiii MOBEpXHi BUILA
TMOPIBHSIHO 3 TJIAIKUM HiKeJIEBUM eJIEKTPOIOM Y 2—3 pas3M i 30ibIIYEThCS Y IECATKHI pa3iB MOPiB-
HSIHO 3 PTYTHUM eJieKTpojoM. Lle 3a0e3neuye 3HauUHe IMiABUILIEHHS YyTJIUBOCTI CEHCOpa i poOUTh
1Oro BUKOPUCTaHHS Oi/IbLI O€3MeUHUM.

Kmo4oBi cioBa: HaHOCTPYKTYPOBaHUIA €JIEKTPOI, BiTaMiH B, BOJbTaMIiepoMeTpist, XeMOCEH-
Cop, YyTJIUBIiCThb
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BbICOKOYYBCTBUTEJBLHBIV CEHCOP 111 ONIPEAEJEHNA BUTAMUHA B .
HA HAHOCTPYKTYPUPOBAHHO! IMOBEPXHOCTH HUKEJA

A. Illeguenxo, E. JIym, E. Axcumenmuoesa

Annotamus. Buramun B (ThaMuH GpoMuI) BXOIUT B COCTaB (DePMEHTOB, TPUHUMAFOIIMX y4ac-
THE B OOMEHE BEIIECTB B XXMBBIX OpraHU3Max, U IIUPOKO MPUMEHSIETCS B MEAULIMHCKON Ipak-
TUKE IJI JeYeHUsT pa3HOOOpa3HbIX HEPBHBIX 3a00jeBaHUi. B oTiiMuue oT noJisiporpagpuyeckoro
omnpeeieHust BATaMMHa B, NIpEIoXeH BOJIBTaMIePOMETPUIECKHIIA XEMOCEHCOP, B KOTOPOM B
Ka4yeCcTBe MHAMKATOPHOIO 3JIEKTPOAA MCIIOJb3YeTCsl HAHOCTPYKTYPUPOBaHHAS MTOBEPXHOCTh HU-
KeJsl. YCTaHOBJIEHO, YTO MHTEHCUBHOCTD pa3psiia THAaMMH OpoMKIIa Ha HaHO-CTPYKTYPUPOBaH-
HOU HUKEJIEBOU MOBEPXHOCTU MOBBIIIAETCS B 2—3 pa3a MO CPAaBHEHUIO C TJIAJKWMM HMKEJIEBbIM
3JIEKTPOJIOM U BO3PACTAET B IECITKH Pa3 MO CPABHEHUIO C PTYTHBIM 3JIEKTPOAOM. DTO 00eCTeym-
BaeT 3HAUMTEJIbHOE MOBBIIIEHNE YYBCTBUTEIBHOCTH CEHCOPA U JIEJIAET €r0 UCI0JIb30BaHUE Ooee

0e30ImacHEbIM.

KioyeBbie ¢j10Ba: HAaHOCTPYKTYPUPOBAHHBINA 3JIEKTPOMA, BUTAaMUH B, BombrammepoMerpus,

XEMOCCHCOP, YYBCTBUTCJIBbHOCTD

Introduction

Vitamin B, (thiamine bromide) is a component
of the ferments, which take part in the exchange of
carbohydrates, greases, proteins and water. It has
a wide application in medical practices for medi-
cal treatment of different nerve illnesses. Study the
chemical and electrochemical properties of this
vitamin permit to widening a knowledge about the
mechanism of the processes, flowing in the live
organisms, therefore many physical and chemical
methods (spectroscopy, chromatography, potenti-
ometry, polarography, etc) are using for analytical
detection of B, [1-4].

Voltammetry is one of the most universal elec-
trochemical methods for investigation and detec-
tion of organic substances. As known voltammetry
is characterized by simplicity, sensitivity, cost — ef-
ficiency, precision, accuracy and may be recom-
mended for development a chemosensors for quali-
fication analysis of vitamins and proteins in food
products, biosystems, technological analysis of the
run-off waters and in the medicine industry [5—7].

Many investigations of the last year are devoted
to polarograph investigations of the vitamin water
solution by means of toxic mercury or expensive
platinum electrodes [1—3, 6]. But electro-chemical
behavior of thiamine bromide on the nanostructured
nickel electrode does not study. From the other hand
the results of recent investigations show a promising
application the electrodes with nanostructured sur-
face for electrochemical investigations [6, 8].

An aim of the present work is a study of elec-
trochemical reduction of thiamine bromide on the
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nanostructured nickel surface and testing the pos-
sibility of the quantitative detection of vitamin B,
with potential application of such electrode in elec-
trochemical sensors.

Experimental

To investigate the processes of the thiamine
bromide electroreduction a voltammetry method
with linear and cyclic potential sweeping was used.
Values of the current and electrode potential were
registered with developed computer program Sci-
ence Plotter. A sweeping of potential (F) to nega-
tive direction was carried out in the range of E from
0.0 to -1.4 V. Three compartment electrochemical
cell before each measurement was bubbled by argon
during 15 minutes for oxygen evacuation. As indi-
cator electrodes the flat and nanostructured nickel
electrodes by similar work area have been used.
Nanostructured nickel electrode of the type «clus-
ter — globule — surface» was fabricated in the shape
of nickel plate with deposited from one side of plate
uniform nanostructured elements in the vive of
cones (Fig.1) with height and radius of curvature
near the peak of 50 nm [9]. An area of the visible
work electrode surfaces was 0.2375-10~* m?. A sur-
face concentration of elements in massive achieves
10° m2. As a counter electrode a platinum wire
with visible surface of 7-10~* m? was used. A satu-
rated silver-chloride electrode Ag/AgCl was used as
a reference. Lithium perchlorate was a background
electrolyte. All solutions were prepared on the bi-
distilled water, experiments were carried out at the
temperature T = 298 K.
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Fig. 1 (a) SEM image of the nanostructured surface of
the nickel electrodes (x 1400); b — individual elements
(x14300) in the vive of cones with height and radius of
curvature near the peak of 50 nm.

Results and Discussion

Study the chemical and electrochemical proper-
ties of thiamine bromide permit to widening knowl-
edge about the mechanism of the processes, flow-
ing in live organisms. Depending on the value of pH
thiamine may exists in molecular, cation and anion
form [10]. At pH<6 thiamine in solution is in the
form of stable salt of quaternary base. AtpH =6.8 a
disclosing of thiazole cycle of molecule takes a place
with formation of the open thiol form — RSH. At
pH>8 it possible a formation of anion form of thia-
mine — RS-, and in the interval of pH from 8.1 to
8.6 a protolytic equilibrium takes a place: RSH =
H* + RS-. With pH increasing a potential of peak
current shifts to negative values [11] and over po-
tential of vitamin reduction grows. We found that in
the current dependence on pH a maximum at pH

7.5 — 8.5 are observed [12]. Peak current decreases
with concentration of hydroxyl ions due to forma-
tion an insoluble compound on the electrode sur-
face. Based on analyses of the obtained results the
0.5 M lithium perchlorate solution with pH near
6.0 was used as work background electrolyte.

Obtained in such conditions cyclic and linear
voltammograms (Fig. 2 and 3) indicate that vitamin
B, (thiamine bromide) electrochemically reduces
on both smooth and nanostructured nickel elec-
trodes. The electrochemical reduction of vitamin
B, on the nickel nanostructural electrode starts at
the potential £ > 0,5 V and achieves a maximum in
the interval of £ = -(0,92...0,97) V versus Ag/AgCl
reference electrode.

Process of thiamine bromide electroreduction on
the electrode with nanostructured surface is signifi-
cantly lighting, potential of the cathode maximum
shifts on 0.1 V in positive direction as compared
with smooth nickel electrode at the same concen-
tration of thiamine bromide in solution (Fig. 2),
which may be explained by electrocatalytic action
of nanostructured electrode surface.
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Fig. 2 Cyclic voltammogtams of thiamine bromide
(TB) reduction on the smooth nickel electrode (1) and
nonostructured nickel electrode (2) at C_, = 4:1072 M;
v=>510"2V/s.

In anodic part of cyclic voltammograms any
peaks due to electrochemical activity of thiamine
bromide or products of its reduction are absent in
the investigated potential range, which indicates
the irreversibility of the process [13]. Existence of
a single clear maximum on the cathode branch line
of potentiodynamic curves may be evidence to one
step of electroreduction and suggested its one elec-
tron character. Increasing a rate of potential sweep-
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ing is accompanied by rising of reduction current
and shifting of peak potential to the negative side
which causes amplification of irreversibility of the
process. As optimal sweep rate a value of 5-1072 V/s
was chosen.

Displacement of peak potential in the negative
side at the increasing of thiamine bromide concen-
tration (Fig. 3) indicates a rising of the overpoten-
tial of electrochemical reaction. Such dependence
is observed for both smooth and nonostructured
electrode. It probably connected with adsorption of
the products of thiamine bromide reduction on the
electrode surface caused it passiveness.
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Fig. 3 Voltammograms of thiamine bromide (vitamin B,)
reduction on the nanostructured nickel electrode at con-
centration of thiamine bromide, M: 1- 0.02; 2. — 0.03;
3—0.04; 4—0.05. Electrolyte — 0,5 M LiCIO,; v = 5:10>
V/s; T=298+3K.

Cathode peak current (1 B mA) linearly depends
on the concentration (¢, M) of vitamin B,, which
may be using for plotting the calibration curve. It has
been found that calibration curve save a linearity up
to vitamin concentration ¢ = 6:10~2 M with low limit
(throughout) of vitamin B, detection near 210~" M
[14]. It proposed the linear equations 1= 1,86:10°¢c,
which make it possible to quantity identification the
thiamine bromide concentration in the solution.

As one can see from the Table, a nanostructured
nickel electrode as compared to mercury indicator
electrode or smooth nickel electrode is character-
ized by higher current of the response that confirms
it higher sensitivity, caused by catalytic activity to
the thiamine bromide electrochemical reduction.
Due to high over potential of hydrogen evolution
and stability of the nickel electrode in different me-
diums, a possibility of rapid regeneration the elec-
trode surface by potential scanning in the range of
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E=-0.5...1.5 V, the merit and saving of vitamin B,
detection become significantly increased.

Table

Futures of voltammetric detection of vitamin B, with
different sensor electrodes

Sensor elec- | Hg, Mercury | Smooth | Nanostruc-
trode [7] nickel tured nickel
Peak poten- | g 35 047 |0.96-1.02 | 0.92-0.97
tial, V
Peak current, | (1.7-3.5)
mA 103 0.03-53 0.07—100
Concentra- (7.5— 6.2107— | 3.76107°—
tionof B, M| 15.0)10-° 1.510°2 51072
Concentra- (3.26 295 | 1.64102—
tionof B, o 5
! —6.53)-10 102-6.3 23.442
mg/ml
Relativeer- |5 04 | 0.15-0.25 | 0.14—0. 21
ror, %
100 5.
o
50 A
0 T T [
0,00 0,02 0,04 0,06

Fig. 4 Peak current dependence on concentration of vi-
tamin B, on the nanostructuted nickel electrode in 0,5 M
LiClO, aqueous solution.

Conclusions

It claims that thiamine bromide has a significant-
ly higher discharge intensity on the nanostructure
nickel electrode than on the flat one (2—3 times)
and increases in the factor of 100 as compared with
mercury electrode. This significantly increases a
sensitivity of voltammetric sensor and makes it safer.
Study the chemical and electrochemical properties
of this vitamin permit to widening knowledge about
the mechanism of the processes, flowing in the live
organisms. Proposed nanostructured electrode may
be used in chemo- and biosensors for analytical and
biochemical investigations to quantitative detection
of vitamins in food products, technological analysis
of nature and run-off waters and in the medicine
industry.
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