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ON THE NANOSTRUCTURAL SURFACE OF NICKEL 

O. Shevchenko, O. Lut, Î. Aksimentyeva 

Abstract. Vitamin Â
1 
(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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ÂÈÑÎÊÎ×ÓÒËÈÂÈÉ ÑÅÍÑÎÐ ÄËß ÂÈÇÍÀ×ÅÍÍß Â²ÒÀÌ²ÍÓ B
 1 

ÍÀ ÍÀÍÎÑÒÐÓÊÒÓÐÎÂÀÍ²É ÏÎÂÅÐÕÍ² Í²ÊÅËÞ 

O. Øåâ÷åíêî, O. Ëóò, Î. Aêñ³ìåíòüºâà 

Àíîòàö³ÿ. Â³òàì³í Â
1 

(ò³àì³í áðîì³ä) âõîäèòü äî ñêëàäó ôåðìåíò³â, ÿê³ áåðóòü ó÷àñòü â 
îáì³í³ ðå÷îâèí â æèâèõ îðãàí³çìàõ, ùî çóìîâëþº éîãî øèðîêå çàñòîñóâàííÿ ó ìåäè÷í³é 
ïðàêòèö³ äëÿ ë³êóâàííÿ ð³çíîìàí³òíèõ íåðâîâèõ õâîðîá. Íà â³äì³íó â³ä ïîëÿðîãðàô³÷íîãî 
âèçíà÷åííÿ â³òàì³íó Â

1
, çàïðîïîíîâàíî âîëüòàìïåðîìåòðè÷íèé õåìîñåíñîð, â ÿêîìó ÿê ³í-

äèêàòîðíèé åëåêòðîä âèêîðèñòîâóºòüñÿ íàíîñòðóêòóðîâàíà ïîâåðõíÿ í³êåëþ. Âñòàíîâëåíî, 
ùî ³íòåíñèâí³ñòü ðîçðÿäó ò³àì³í áðîì³äó íà íàíîñòðóêòóðîâàí³é í³êåëåâ³é ïîâåðõí³ âèùà 
ïîð³âíÿíî ç ãëàäêèì í³êåëåâèì åëåêòðîäîì ó 2–3 ðàçè ³ çá³ëüøóºòüñÿ ó äåñÿòêè ðàç³â ïîð³â-
íÿíî ç ðòóòíèì åëåêòðîäîì. Öå çàáåçïå÷óº çíà÷íå ï³äâèùåííÿ ÷óòëèâîñò³ ñåíñîðà ³ ðîáèòü 
éîãî âèêîðèñòàííÿ á³ëüø áåçïå÷íèì. 

Êëþ÷îâ³ ñëîâà: íàíîñòðóêòóðîâàíèé åëåêòðîä, â³òàì³í B
1
, âîëüòàìïåðîìåòð³ÿ, õåìîñåí-

ñîð, ÷óòëèâ³ñòü 
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Introduction 

Vitamin Â
1 

(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
 [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 

nanostructured nickel surface and testing the pos-
sibility of the quantitative detection of vitamin B

1
 

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 (E) 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∙10–4 m2. A sur-
face concentration of elements in massive achieves 
109 m-2. As a counter electrode a platinum wire 
with visible surface of 7∙10–4 m2 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. 

ÂÛÑÎÊÎ×ÓÂÑÒÂÈÒÅËÜÍÛÉ ÑÅÍÑÎÐ ÄËß ÎÏÐÅÄÅËÅÍÈß ÂÈÒÀÌÈÍÀ B
 1 

ÍÀ ÍÀÍÎÑÒÐÓÊÒÓÐÈÐÎÂÀÍÍÎÉ ÏÎÂÅÐÕÍÎÑÒÈ ÍÈÊÅËß 

À. Øåâ÷åíêî, Å. Ëóò, Å. Àêñèìåíòüåâà 

Àííîòàöèÿ. Âèòàìèí Â
1 
(òèàìèí áðîìèä) âõîäèò â ñîñòàâ ôåðìåíòîâ, ïðèíèìàþùèõ ó÷àñ-

òèå â îáìåíå âåùåñòâ â æèâûõ îðãàíèçìàõ, è øèðîêî ïðèìåíÿåòñÿ â ìåäèöèíñêîé ïðàê-
òèêå äëÿ ëå÷åíèÿ ðàçíîîáðàçíûõ íåðâíûõ çàáîëåâàíèé. Â îòëè÷èå îò ïîëÿðîãðàôè÷åñêîãî 
îïðåäåëåíèÿ âèòàìèíà Â

1
, ïðåäëîæåí âîëüòàìïåðîìåòðè÷åñêèé õåìîñåíñîð, â êîòîðîì â 

êà÷åñòâå èíäèêàòîðíîãî ýëåêòðîäà èñïîëüçóåòñÿ íàíîñòðóêòóðèðîâàííàÿ ïîâåðõíîñòü íè-
êåëÿ. Óñòàíîâëåíî, ÷òî èíòåíñèâíîñòü ðàçðÿäà òèàìèí áðîìèäà íà íàíî-ñòðóêòóðèðîâàí-
íîé íèêåëåâîé ïîâåðõíîñòè ïîâûøàåòñÿ â 2–3 ðàçà ïî ñðàâíåíèþ ñ ãëàäêèì íèêåëåâûì 
ýëåêòðîäîì è âîçðàñòàåò â äåñÿòêè ðàç ïî ñðàâíåíèþ ñ ðòóòíûì ýëåêòðîäîì. Ýòî îáåñïå÷è-
âàåò çíà÷èòåëüíîå ïîâûøåíèå ÷óâñòâèòåëüíîñòè ñåíñîðà è äåëàåò åãî èñïîëüçîâàíèå áîëåå 
áåçîïàñíûì. 

Êëþ÷åâûå ñëîâà: íàíîñòðóêòóðèðîâàííûé ýëåêòðîä, âèòàìèí B
1
, âîëüòàìïåðîìåòðèÿ, 

 õåìîñåíñîð, ÷óâñòâèòåëüíîñòü 
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a)

b)

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 ðÍ<6 thiamine in solution is in the 
form of stable salt of quaternary base. At ðÍ = 6.8 a 
disclosing of thiazole cycle of molecule takes a place 
with formation of the open thiol form — RSÍ. At 
ðÍ>8 it possible a formation of anion form of thia-
mine — RS-, and in the interval of ðÍ 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 pÍ a maximum at ðÍ 

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 Ì lithium perchlorate solution with ðÍ 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

1 
(thiamine bromide) electrochemically reduces 

on both smooth and nanostructured nickel elec-
trodes. The electrochemical reduction of vitamin 
B

1
 on the nickel nanostructural electrode starts at 

the potential Å > 0,5 V and achieves a maximum in 
the interval of Å = -(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. 

Fig. 2 Cyclic voltammogtams of thiamine bromide 
(TB) reduction on the smooth nickel electrode (1) and 
nonostructured nickel electrode (2) at Ñ

TB
 = 4∙10–2 M; 

υ = 5∙10–2 V/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-

O. Shevchenko, O. Lut, Î. Aksimentyeva



72

Sensor Electronics and Microsystem Technologies. T. 2 (8) 1/2011

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∙10–2 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. 

Fig. 3 Voltammograms of thiamine bromide (vitamin Â
1
) 

reduction on the nanostructured nickel electrode at con-
centration of thiamine bromide, Ì: 1- 0.02; 2. —  0.03; 
3–0.04; 4–0.05. Electrolyte — 0,5 Ì LiClO

4
; υ = 5∙10–2 

V/s; Ò= 298±3Ê. 

Cathode peak current (²
ð
, mA) linearly depends 

on the concentration (ñ, M) of vitamin Â
1
, which 

may be using for plotting the calibration curve. It has 
been found that calibration curve save a linearity up 
to vitamin concentration ñ = 6.10–2 M with low limit 
(throughout) of vitamin B

1 
detection near

 
2.10–7 Ì 

[14]. It proposed the linear equations ²
ð
 = 1,86.103 ñ, 

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 

E = -0.5...1.5 V, the merit and saving of vitamin Â
1
 

detection become significantly increased. 

Table 

Futures of voltammetric detection of vitamin Â
1
 with 

different sensor electrodes 

Sensor elec-
trode 

Hg, Mercury 
[7]

Smooth 
nickel 

Nanostruc-
tured nickel 

Peak poten-
tial, V 

0.35–0.47 0.96–1.02 0.92–0.97

Peak current, 
mÀ

(1.7–3.5) 
.10–3 0.03–53 0.07–100

Concentra-
tion of Â

1
, M

(7.5–
15.0).10–5

6.2.10–5–
1.5.10–2

3.76.10–5–
5.10–2

Concentra-
tion of Â

1
, 

mg/ml

(3.26 
—6.53).10-2

2.95 
10-2–6.3

1.64 .10–2–
23.442 

Relative er-
ror, %

0.2–0.4 0.15–0.25 0.14–0. 21

Fig. 4 Peak current dependence on concentration of vi-
tamin B

1
 on the nanostructuted nickel electrode in 0,5 Ì 

LiClO
4
 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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