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Electrodes as Sensors Platforms

Senee Kruanetr?, Radhakrishna Prabhu®, Pat Pollard® and Carlos Fernandez®

#The Center of excellence for Innovation in Chemistry and Department of Chemistry,
Faculty of Science, Mahasarakham University, Kantarawichai District,
Mahasarakham, 44150, Thailand, e-mail: Senee.k@msu.ac.th
®School of Engineering, Riverside East, Robert Gordon University, Aberdeen AB10 7GJ, United Kingdom
School of Pharmacy and Life Sciences, Riverside East,
Robert Gordon University, Aberdeen AB10 7GJ, United Kingdom

A sensitive electrochemical sensor was designed for acetyl salicylic acid detection using graphene
modified Screen Printed Electrodes. The electrochemical response of the sensor with graphene was
improved compared to Screen Printed Electrodes without graphene and displayed an excellent analyti-
cal performance for the detection of acetyl salicylic acid. The high acetyl salicylic acid loading capaci-
ty on the electrode surface and the outstanding electric conductivity of graphene were also discussed
in this manuscript. When a range of different concentrations of acetyl salicylic acid from 0.1 pM to
100 pM into a pH4 buffer solution (N defined as the sample size N = 9) were plotted against the oxi-
dation peak a linear response was observed. The detection limit was found to be 0.09 uM based on
(3-o/slope). Screen Printed Graphene electrodes sensors methodology is shown to be useful for quan-
tifying low levels of acetyl salicylic acid in a buffer solution as well as in biological matrixes such as
humam oral fluid. A linear response was obtained over a range of concentrations from 10 pum to

150 uM into a human oral fluid solution (N = 10) giving a detection limit of 8.7 uM.

Keywords: acetyl salicylic acid, electrochemical, sensor, modified Screen Printed Electrodes.

YK 543.55
INTRODUCTION

Acetylsalicylic acid (ASA) or aspirin which is
depicted in Fig. 1, was introduced in the late 1890s
[1] and has been used to treat a variety of inflamma-
tory conditions for more than 200 years. In 1763 the
active ingredient of Aspirin was discovered by
Edward Stone from the bark of the willow.

G

Fig. 1. Chemical structure of Aspirin.

A number of analytical approaches have been
employed to analyse ASA such as: high-
performance liquid chromatography—mass spec-
trometry [2—-6] and gas chromatography—mass spec-
trometry [7], ultra performance liquid chromatog-
raphy tandem mass spectrometry [8] and capillary
electrophoresis [9] have also been reported for the
determinations of ASA. However, many of these
methods require sample pre-treatment, several time-
consuming manipulation steps, sophisticated instru-
ments and special training.

In contrast, suggesting of electrochemical sensors
is an attractive alternative method for electroactive
species detection, because of its inherent advantages

of simplicity, high sensitivity and relatively low cost
[10].

The utilisation of screen-printed electrodes as
sensors platforms have attracted great interest since
they provide a low cost, single-shot disposable yet
highly reproducible and reliable electrochemical
measurement of the target analyte [10].

The electrochemical detection of aspirin has at-
tracted great attention and different strategies have
been employed. For instance Srivastava et al. [11]
used surfactant-modified multiwalled carbon nano-
tube paste electrode for the determination of ASA in
pharmaceutical formulations, urine and blood sam-
ples by voltammetry. Tsai et al. [12] investigated the
electrocatalytic oxidation of acetylsalicylic acid at
multiwalled carbon nanotube-alumina-coated silica
nanocomposite modified glassy carbon electrodes.
Lu et al. [13] reported an electrochemical sensor
based on AuNPs modified molecularly imprinted
polymer film for the detection of ASA. Rynkowski
et. al [14] reported Voltammetric studies of acetyl-
salicylic acid electro oxidation at platinum electrode.
These reports showed good detection limits and sen-
sitivity however the main drawback is the need of
extra time to modify the surface of the electrode
which involves various steps.

Graphene has attracted a great attention since it
discovery due to its large surface area, high thermal
and electrical conductivities, impressive mechanical
properties, and low cost [15, 16]. The application of
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graphene in sensors technologies, catalysis, nano-
composites and capacitors amongst others have in-
creased dramatically in the last decade.

Graphene sheets have extraordinary electronic
transport properties and high electrocatalytic activi-
ties [17-19], and they have been investigated as
electrode materials in optoelectronic devices [20],
electrochemical super-capacitors [21], fabricated
field-effect transistors [22], and constructed ultra-
sensitive chemical sensors [23], such as pH sensors
[24], gas sensors [25], and biosensors [26].

To the best of our knowledge, there is no report
based on using graphene modified Screen Printed
Electrodes (SPGrE) for the determination of ASA.
In this manuscript we proposed a simple, fast and
without pre-treatment of the electrode surface meth-
odology in which graphene is already printed in-situ
on the screen printed electrode. The electrochemical
behaviors of ASA using SPE with and without gra-
phene were also investigated and discussed in this
manuscript. Cyclic Voltammetry (CV) techniques
were employed in the proposed method for the de-
termination of ASA in drug preparations and human
oral fluid as well as a technique to investigate ASA
electro-oxidation mechanism.

1. EXPERIMENTAL SECTIONS
1.1. Reagents

All chemical reagents used to prepare solutions
were purchased in their purest commercially availa-
ble forms from Aldrich. All agueous solutions were
made up with water (of resistivity of not less than
18 MQ-cm) taken from an Elgastat filter system
(Vivendi, Bucks., UK). All experiments were under-
taken at 23 £ 2°C. Aspirin containing tablets of dif-
ferent pharmaceutical companies such as Galpharm
International Ltd. were purchased from the local
market. A stock solution of aspirin was prepared by
dissolving the required mass in buffer to give a con-
centration of 1 mM. Working standards, for initial
voltammetric studies, were prepared by dilution of
this solution with phosphate buffer to give a final
concentration of 0.1 uM. In the same manner a stock
solution of aspirin was prepared by dissolving the
required mass in human oral fluid to give a concen-
tration of 1 mM. Working standards, for initial volt-
ammetric studies, were prepared by dilution of this
solution with human oral fluid to give a final con-
centration of 0.1 uM.

1.2. Electrodes

Screen Printed Graphene Electrodes (SPGrE) and
Screen printed graphite electrodes (SPGE) which
both have a 3 mm diameter for the working elec-
trode were obtained from Gwent Electronic Materi-
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als Ltd. (Pontypool, Cardiff, UK). Two sets of SPE
were employed to obtain the results. One SPE sys-
tem was composed of three electrodes with graphite
as a working and counter electrode and silver/silver
chloride for the reference electrode. The other sys-
tem was composed of three electrodes with graphene
as a working electrode and graphite as a counter
electrode and silver/silver chloride for the reference
electrode.

1.3. Electrochemical measurements

Voltammetric measurements were carried out
using a p-Autolab 111 (Eco Chemie, Amsterdam, The
Netherlands) potentiostat/galvanostat and controlled
by Autolab GPES software version 4.9 for Windows
XP. The electrodes have been characterised electro-
chemically and have found to exhibit a heterogene-
ous electron transfer rate  constants  of
~ 1.7 x 10°° cm-s! using the ferro-cyanide redox
couple in 0.IM KCI. The cyclic voltammetric
parameters were as follows: initial potential of 0 V,
vertex potential 1.5 V, end potential 0 V, step poten-
tial 5 mV.

2. RESULTS AND DISCUSSION
2.1. Electrochemical characterization of SPGrE

First of all we turn our attention into the investi-
gation of the SPGrE and the SPE electrodes surfa-
ces. An electrochemical probe containing
1.0x10™* mol-L™* [KsFe(CN)s] and 0.1 mol-L™* KCI
was employed by using cyclic voltammetry at a scan
rate of 200 mV/s which is depicted in Figure 2.

The voltammograms obtained at a bare SPE
(curve a), and SPGrE (curve b) are illustrated in
Figure 2. The shape of the voltammogram shows a
reversible one electron transfer process. At the bare
SPE the peak-to-peak separation observed is appro-
ximately of 68 mV which corroborates with the
reversible redox process of [Ks;Fe(CN)g]. The curve
a shows a voltammogram of [Fe(CN)e]*~ with peak
currents at Ey, (anodic peak potential) = 0.173 V and
Ep. (cathodic peak potential) = 0.243 V respectively.

The current increases from 230 to 630 LA when
the SPE is modified with Gr (Figure 2b). The dra-
matic peak current increase is owed to the excellent
electric conduction of graphene compared to grap-
hite. The peak potential is also affected by the modi-
fication of the electrode surface with graphene. The
peak potentials cathodic and anodic of graphene
shifted when compared to the bare SPE. The values
for graphene were observed to be E,, (anodic peak
potential) = 0.113 V and E,. (cathodic peak poten-
tial) = 0.283 V respectively, while for the bare SPE
were Ep, (anodic peak potential) = 0.1373 V and E,.
(cathodic peak potential) = 0.246 V.
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Fig. 2. Cyclic voltammograms response observed for (a) a bare
SPE and (b) SPE modified with Gr in 1.0x10° mol-L*
[Fe(CN)g]® containing 0.1 mol-L™* KCI. Scan rate: 100 mV/s.
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Fig. 4. Cyclic voltammetric response recorded at SPE modified
with Gr (a) without 10 uM ASA and (b) dot line with 10 uM
ASA in pH4 phosphate buffer solution. Scan rate: 100 mV/s.

Cyclic voltammetry was also employed to extract
information related to the electroactive area of the
SPGrE compared to SPE electrode. The Randles—
Sevcik equation is given by 1, = 2.69x10° n¥2AD,S
Cov2. From this equation the electroactive area
could be obtained from the slope of a plot of the
voltammetric peak current (I,) versus the square root
of scan rate (VM%) which is shown in Figure 3.

As predicted by the Randles—Sevcik equation the
redox peak currents at the graphene-modified SPE
increased linearly with the scan rate in the range
from 5 to 1000 mV/s (inset, Fig. 3; linear regression
equation: I, = 36.999 + 42.337v, R = 0.992). These
values indicate that the modified-electrode reaction
is a surface confined process.

Next, in order to investigate the electrochemical
behaviour of ASA on a SPGrE in pH4 phosphate
buffer solution a CV was used. Figure 4 shows two
voltammograms of the Gr modified electrode in the
presence and absence of 10 uM ASA in pH4 phos-
phate buffer solutions at scan rate: 100 mV/ s.

When aspirin an electroactive specie was not pre-
sent (curve a), no redox peaks were observed in the
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Fig. 3. Cyclic voltammograms response observed for SPE
modified with Gr in 1.0x107 mol-L™* [Fe(CN)¢]® containing
0.1 mol-L™? KCI at different scan rates (from inner to outer):
5, 10, 25, 50, 75, 100, 500 and 1000 mV/s.
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Fig. 5. Cyclic voltammetric response recorded at SPE (a)

without Gr and (b) dash line: modified with Gr in 10 uM ASA

in pH4 phosphate buffer solution. Scan rate: 100 mV/s.

potential range from 0 to 1.5 V using the SPGrE.
This shows that graphene was non-electroactive in
the scanned potential window. On the contrary when
aspirin was present at 10 uM ASA in pH4 phosphate
buffer solution (curve b) a very sensitive anodic
peak with current of 752 mV was detected when
using SPGrE.

2.2. Electrochemical behaviour of Aspirin
2.2.1. The effect of pH

The possible mechanism ASA oxidation is shown
in Scheme 1. ASA in aqueous media oxidizes to
Salicylic Acid and Acetic Acid as depicted in
Scheme 1. The first step of ASA electro-oxidation
visible in the voltammograms as a peak which is
depicted in Fig. 5 involves an exchange of one elec-
tron and is the rate-determining step. The next step,
invisible in the voltammograms due to overlapping
with oxygen evolution, involves an exchange of the
second electron. Assuming that these two steps
demand an exchange of two electrons, this indicates
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Scheme 1. Suggested mechanism of ASA electro-oxidation in the pH range (a) 2-8 and (b) 8-10.

160

140

]20-
100 | [

80'- {

{

40 1 i 1 i I. i 1 i 1 i 1

Peak Height, pA

(%}
ey
=
o0
=
I

pH

@)

0.80 |

ot P *

0.74 |
072 F

0.70 I
0.68 |-
0.66 |
0.64 |

0.62 |

0'60 1 n 1 " 1 L 1 n 1
10

Peak Potential, V

[
E=N
(=2
oo

(b)

Fig. 6. (a) A plot of peak height as a function of pH for the electrochemical oxidation of 10 uM ASA using SPE modified with Gr.
Scan rate: 100 mV/s. (b) A plot of peak potential (E,) as a function of pH for the electrochemical oxidation of 10 uM ASA using SPE

modified with Gr at Scan Rate: 100 mV/s.

that 3 protons are possibly exchanged. If pH values
are higher than 8 (Scheme 1b), E, and E,, values are
independent on pH. This means that protons are no
longer involved in the ASA electro-oxidation.
Probably, this result from the fact, that at higher pH
values, hydrolysed form of ASA is already chemi-
cally deprotonated.

The dissociation constant or pKa is an important
factor to consider, the pKa of ASA is reported to be
3.49 within the literature [27]. ASA therefore was
prepared in a phosphate buffer solution at pH4
where the electro-oxidation of ASA will be more
favourable.

At pH4, ASA is easily oxidised compared to
more basic pHs as illustrated in Fig. 6a and b, these
values are in agreement with ASA mechanism which
is depicted in Scheme 1a.

Figure 5a shows an irreversible voltammogram
of ASA with a relative weak redox current peak at
Epa (anodic peak potential) = 712 mV when bare
SPE were utilised. Figure 5b illustrates an irreversi-
ble voltammogram of ASA on the graphene-
modified SPE in which a well-defined oxidation
peak at E,, = 752 mV is observed. This peak can be
assigned to the oxidation of ASA to Salycilic Acid,
as reported in literature [14]. The increase of the



peak current in Fig. 5b compared to Fig. 5a can be
attributed to the graphene effect.

Next, the effect of peak height current vs. pH and
Peak Potential vs. pH were investigated.

In order to investigate the effect of peak height
current versus pH the peak height current of 10 uM
ASA solution in phosphate buffer with SPGrE was
measured over a solution range of pHs from 2 to 10
as illustrated in Figure 6a. Figure 6a illustrates that
the maximum peak height current value for ASA in
SPGrE was observed at pH4 which is according to
the pKa value. This high value of peak height cur-
rent indicates that the electro-oxidation process of
ASA is favourable at pH4 compared to others pHs.
The lowest peak height value can be observed at
basic pH10 indicating that the electro-oxidation pro-
cess of ASA is less favourable which is in agreement
to the Scheme 1b.

Figure 6a also illustrates a linear response over
pH4 to pH10 and the linear equation for that is
showed to be: 1,/uA(pH4-10) = -11.5x + 196 798
versus Ag/AgCl for ASA with correlation coeffi-
cients of 0.99.

Next the effect of peak potential and pH were in-
vestigated as it is illustrated in Figure 6b. Figure 6b
shows that at pH4 there is a drop of the potential
which indicates that pH4 is the optimum pH for the
electro-oxidation of ASA. At higher pHs the electro-
oxidation process of ASA is less favourable.

The peak potential (E,) versus pH plot is linear
(from pH4 to pH10) and dependent on the anodic
peak potential of the analyte on the pH. The linear
equation can be presented by the relation:
Ex/V(pH4-10) = 0.0075 V/pH + 0.6958 versus
Ag/AgCl for ASA with correlation coefficients
of 0.99.

The above results indicated that the peak current
(Ipa) and peak potential (E.) were affected by the pH
of the solution. For the subsequent analytical expe-
riments pH4 was chosen to be the most favourable
condition to occur the electro-oxidation of ASA.

2.2.2. Effect of concentration

Next, the effect of ASA concentration on SPGrE
was explored. A range of ASA concentrations from
0.1 to 100 puM in phosphate buffer pH4 on SPGrE
was investigated using cyclic voltammetry as indi-
cated in Figure 7a. Figure 7a shows the electro-
oxidation of ASA at height positive potential
+750 mV. The peak height current (I,,) values in-
creases in magnitude upon the addition of ASA. The
ASA concentrations range from 0.1 to 100 pM was
plotted against the measured peak height current
(Ipa) values as illustrated in Figure 7b. Figure 7b dis-
plays a good linear relationship between 1y, and
ASA concentrations. A linear regression equation
was given by (I,/MA = 1.4079x + 15.803 with N =9,

84

RI = 0.9903) with a detection limit of 0.09 uM
(based on 3-o/slope).

2.3. Electroanalytical Applications of the proposed
method to detect Aspirin in human oral fluid

The viability of the analytical protocol was tested
in relation to detection within analytically relevant
media, following confirmation that successful
determination of ASA was possible in ideal condi-
tions utilising a standard pH4 phosphate buffer.

It is considered worthwhile to determine the con-
centration of ASA in human oral fluid as ASA is
clinically employed for analgesic and antipyretic
effects and it is taken orally. The human oral fluid
samples were taken from three healthy individuals;
consequently, additions of ASA were made into hu-
man oral fluid solution over the concentration range
from 10 to 150 pM which are depicted in Figure 8.
Each concentration was repeated three times and the
appropriate error bars were added to the points and
plotted. Figure 8 illustrates the calibration plot of
peak height current values (I,,) versus ASA concen-
trations in human oral fluid. The response was linear
over the ASA concentrations range from 10 to
150 uM and the regression line was given by the
following equation: I/uA = 0.7092x + 103.92,
R*=0.9879 and N = 10 (where N is the number of
points analysed) with a detection limit of 8.7 uM
(based on 3-sigma). The human oral fluid solution
employed was not modified in any way prior to use.

The main advantage of this protocol was the lack
of either sample or electrode surface pre-treatment
and its great potential to be utilised in real-world
applications.

3. CONCLUSIONS

It has been demonstrated for the first time the
successful application of SPE modified with Gr
towards the electrochemical determination of ASA
in an ideal buffer solution as well as in a biological
matrix such as human oral fluid samples with excel-
lent sensitivity and selectivity.

The sensor offers a long term stability and excel-
lent reproducibility with essentially no pre-treatment
or maintenance towards the routine analysis of ASA.
A linear response is observed for a buffered solution
given by the equation: (I,/uA = 1.4079x + 15.803,
R7=0.9903 and N = 9) over the range from 0.1 pM
to 100 pM into a pH4 buffer solution with a detec-
tion limit of 0.09 pM (based on 3-sigma). The de-
termination of ASA was also linear over the concen-
tration range from 10 to 150 pM in a biological ma-
trix such as human oral fluid. The linear regression
equation is given by: (I,/uA = 0.7092x + 103.92,
R? = 0.9879 and N = 10) with a detection limit of
8.7 uM (based on 3-sigma).
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Fig. 7. (a) Cyclic voltammogram response observed for phos-
phate buffer solution pH4 at SPE modified with Gr over a
range of ASA concentrations from 0.1 uM to 100 UM Scan
Rate: 100 mV/s. (b) A plot of peak height (l,), as a function of
ASA concentration using SPE modified with Gr at a scan rate:
100 mV/s.

ACKNOWLEDGEMENTS

C.F. expresses gratitude to Robert Gordon Uni-
versity and School of Pharmacy and Life Sciences
for financial support via a start-up grant. P.P would
like to thank the support of the IDEAS Research
Institute, RGU. R.P. would also like to thank the
support of the IDEAS Research Institute, RGU. S.K.
would like to thank the Center of Excellence for In-
novation in Chemistry (PERCH-CIC) for financial
support and Mahasarakham University for facilities.

REFERENCES

Lo

Floyd C.N., Ferro A. Mechanisms of Aspirin Resis-
tance. Pharmacology & Therapeutics. 2014, 141(1),
69-78.

2. Shinde D.D., Kim K-B., Oh K-S., Abdalla N., Liu
K-H., Bae S.K., et al. LC-MS/MS for the Simul-
taneous Analysis of Arachidonic Acid and 32 Related
Metabolites in Human Plasma: Basal Plasma Concent-
rations and Aspirin-induced Changes of Eicosanoids.
J Chromatogr B. 2012, 911, 113-121.

3. Polagani S.R., Pilli N.R., Gandu V. High Performance
Liquid Chromatography Mass Spectrometric Method
for the Simultaneous Quantification of Pravastatin and
Aspirin in Human Plasma: Pharmacokinetic Appli-
cation. J of Pharmaceutical Analysis. 2012, 2(3),
206-213.

4. Yamamoto E., Takakuwa S., Kato T., Asakawa N.
Sensitive Determination of Aspirin and its Metabolites
in Plasma by LC-UV using On-line Solid-phase
Extraction with Methylcellulose-immobilized Anion-
exchange Restricted Access Media. J Chromatogr B.
2007, 846(1-2), 132-138.

5. Elmasry M.S., Blagbrough 1.S., Rowan M.G., Saleh
H.M., Kheir A.A., Rogers P.J. Quantitative HPLC
Analysis of Mebeverine, Mesalazine, Sulphasalazine
and Dispersible Aspirin Stored in a Venalink Moni-

160
140 | i
20| )

100 | i

s | [
60 i

40 | 3

Peak Height, uA

20

0F

| " 1 " 1 " 1 " 1 n 1 " | " 1

0 20 40 60 80 100 120 140 160

Concentration of Aspirin, uM
Fig. 8. A calibration plot of peak height (I,), as a function of
ASA concentration corresponding to the addition of ASA into
human oral fluid sample solution over the concentration range
10-150 uM using SPE modify with Gr. Scan Rate: 100 mV/s.

tored Dosage System with co-prescribed Medicines. J
Pharmaceut Biomed. 2011, 54(4), 646—652.

6. Franeta J.T., Agbaba D., Eric S., Pavkov S., Aleksic
M., Vladimirov S. HPLC Assay of Acetylsalicylic
Acid, Paracetamol, Caffeine and Phenobarbital in
Tablets. Il Farmaco. 2002, 57(9), 709-713.

7. Tsikas D., Tewes K.S., Gutzki F-M., Schwedhelm E.,
Greipel J., Frélich J.C. Gas Chromatographic—tandem
Mass Spectrometric Determination of Acetylsalicylic
Acid in Human Plasma after Oral Administration of
Low-dose Aspirin and Guaimesal. J Chromatogr B:
Biomedical Sciences and Applications. 1998, 709(1),
79-88.

8. Wabaidur S.M., Alothman Z.A., Khan M.R. A Rapid
Method for the Simultaneous Determination of
l-ascorbic Acid and Acetylsalicylic Acid in Aspirin C
Effervescent Tablet by Ultra Performance Liquid
Chromatography—tandem Mass Spectrometry. Spect-
rochim Acta A. 2013, 108, 20-25.

9. Marra M.C., Cunha R.R., Vidal D.T.R., Munoz R.A.A,,
Lago C.L.d., Richter E.M. Ultra-fast Determination of
Caffeine, Dipyrone, and Acetylsalicylic Acid by
Capillary Electrophoresis with Capacitively Coupled
Contactless Conductivity Detection and Identification
of Degradation Products. J Chromatogr A. 2014,
1327, 149-154.

10. Smith J.P., Metters J.P., Kampouris D.K., Lledo-
Fernandez C., Sutcliffe O.B., Banks C.E. Forensic
Electrochemistry: the Electroanalytical Sensing of
Rohypnol[registered sign] (Flunitrazepam) Using
Screen-printed Graphite Electrodes Without Tecourse
for Electrode or Sample Pre-treatment. Analyst. 2013,
138(20), 6185-6191.

11. Sanghavi B.J., Srivastava A.K. Simultaneous Voltam-
metric Determination of Acetaminophen, Aspirin and
Caffeine Using an in Situ Surfactant-modified
Multiwalled Carbon Nanotube Paste Electrode.
Electrochim Acta. 2010, 55(28), 8638-8648.



12. Lu T-L., Tsai Y-C. Electrocatalytic Oxidation of
Acetylsalicylic Acid at Multiwalled Carbon Nano-
tube-alumina-coated Silica Nanocomposite Modified
Glassy Carbon Electrodes. Sensor Actuat B-Chem.
2010, 148(2), 590-594.

13. Wang Z., Li H., Chen J., Xue Z.,, Wu B., Lu X.
Acetylsalicylic Acid Electrochemical Sensor Based on
PATP-AuUNPs Modified Molecularly Imprinted Poly-
mer Film. Talanta. 2011, 85(3), 1672-1679.

14. Wudarska E., Chrzescijanska E., Kusmierek E., Ryn-
kowski J. Voltammetric Studies of Acetylsalicylic
Acid Electrooxidation at Platinum Electrode. Electro-
chim Acta. 2013, 93, 189-194.

15. Kruanetr S., Pollard P., Fernandez C., Prabhu R.
Electrochemical Oxidation of Acetyl Salicylic Acid
and its Voltammetric Sensing in Real Samples at a
Sensitive Edge Plane Pyrolytic Graphite Electrode
Modified with Graphene. Int J of Electrochemical
Science. 2014, 9, 5699-5711.

16. Pumera M., Ambrosi A., Bonanni A., Chng E.L.K,,
Poh H.L. Graphene for Electrochemical Sensing and
Biosensing. TrAC Trends in Analytical Chemistry.
2010, 29(9), 954-965.

17. Novoselov K.S., Geim A.K., Morozov S.V., Jiang D.,
Zhang Y., Dubonos S.V., Grigorieva I.V., Firsov A.A.
Electric Field Effect in Atomically thin Carbon Films.
Science. 2004, 306, 666-669. DOIl: 10.1126/
science.1102896.

18. Stankovich S., Dikin D.A., Dommett G.H.B., Kohl-
haas K.M., Zimney E.J., Stach E.A., et al. Graphene-
based Composite Materials. Nature. 2006, 442(7100),
282-286.

19. Zhang Y., Tan Y-W., Stormer H.L., Kim P. Experi-
mental Observation of the Quantum Hall Effect and
Berry's Phase in Graphene. Nature. 2005, 438(7065),
201-204.

20. Hong W., Xu Y., Lu G., Li C., Shi G. Transparent
Graphene/PEDOT-PSS Composite Films as Counter
Electrodes of Dye-sensitized Solar Cells. Electrochem
Commun. 2008, 10(10), 1555-1558.

21. Schedin F., Geim A.K., Morozov S.V., Hill EW.,
Blake P., Katsnelson M.l., et al. Detection of
Individual Gas Molecules Adsorbed on Graphene. Nat
Mater. 2007, 6(9), 652—655.

22. Gilje S., Han S., Wang M., Wang K.L., Kaner R.B. A
Chemical Route to Graphene for Device Applications.
Nano Letters. 2007, 7(11), 3394-3398.

23. Li J, Guo S., Zhai Y., Wang E. Nafion—-graphene
Nanocomposite Film as Enhanced Sensing Platform

86

for Ultrasensitive Determination of Cadmium.
Electrochem Commun. 2009, 11(5), 1085-1088.

24. Ang P.K., Chen W., Wee A.T.S., Loh K.P. Solution-
Gated Epitaxial Graphene as pH Sensor. J Am Chem
Soc. 2008, 130(44), 14392-14393.

25. Ao Z.M,, Yang J., Li S., Jiang Q. Enhancement of CO
Detection in Al Doped Graphene. Chem Phys Lett.
2008, 461(4-6), 276-279.

26. Shan C., Yang H., Song J., Han D., Ivaska A., Niu L.
Direct Electrochemistry of Glucose Oxidase and
Biosensing for Glucose Based on Graphene. Anal
Chem. 2009, 81(6), 2378-2382.

27. Feinman E.S. Beneficial and Toxic Effects of the
Aspirin. Boca Raton, Florida: CRC press, 1994. 323 p.

Received 29.04.14
Accepted 22.09.14
Pedgepar

[IpencraBneH pa3paOOTaHHBI aBTOPAMH YYBCTBH-
TENbHBIA 3JEKTPOXUMHYECKHH JaTYHK ¢ Tpad)eHOBBIM
JJIEKTPOJIOM, H3TOTOBJICHHBIM METOJIOM TpadapeTHOH
HeYaTH, U1 PAcIO3HABAHMS alleTHICATUIIMIOBOH KHCIIO-
ThI. JI7Is1 TOCTaBICHHOW 3ajadd, y JaTduka ¢ rpadeHOM
BBISABJICH KaK YJTy4YIICHHBIH 3JIEKTPOXUMHYECKHH OTKIIUK
M0 CPAaBHEHUIO C DIIEKTPOJOM, U3TOTOBJICHHBIM METOJIOM
TpacdapeTHOI meyaTH, HO Oe3 rpadeHa, Tak ¥ MPEBOCXO-
HbI€ aHaJUTUYECKHE XapaKTepUCTUKH ycTpoucTBa. B pa-
00Te paccMOTpeHBI TaKXKe BBICOKAs HECyIlas CHOCcOo0-
HOCTh AalETWICAIUIIMIOBONH KHCIOTHl Ha ITOBEPXHOCTH
NIEKTPOJAa M HCKIIOYHUTENBHAs 3JEKTPONPOBOIHOCTH
rpadena. [Ipy KOHIEHTpAMHU AUETUICATHIMIOBON KHC-
sotet ot 0,1 pM mo 100 uM u pH 4 6ydepHoro pactBopa
(N paccmarpuBaetcs kak pasmep obpasma N = 9), nane-
CEHHBIMHU Ha TpaUK B 3aBHCHMOCTH OT IIMKA OKUCIICHHS,
HabOmromasncst muHeHHbIN oTkiauK. [Ipemen oOGHapykeHHS
6bt1 paBen 0,09 UM, Ha ocHOBaHMM HakiIoHa 3-c/Ha
HaKJIOH. BBUIO NPOJEMOHCTPUPOBAHO, YTO METOOJIOTHS
MPUMEHEHHSI IATYMKOB C Tpad)eHOBBIM 3JIEKTPOJIOM, H3-
TOTOBJIEHHBIM METO/IOM TpadapeTHOW IeyaTH, MOIXOIUT
JUIS pacrio3HaBaHHWs HHM3KOT'O YPOBHS alleTHIICAITUIINIIO-
BOI KHCIIOTHI B Oy(hepHOM pacTBOpe, a Takke B OHOJIOTH-
YEeCKHX CMECSX, HAlPEMep, B POTOBOM JKHIKOCTH YeNOBe-
Ka. JIMHEeHHBIHA OTKIIMK OBUI MOTYYeH NPH KOHIIEHTPALHIX
ot 10 um mo 150 UM B pacTBOpe pOTOBOI KHUIKOCTH Ue-
noseka (N = 10), ¢ npexerom o6Hapykenus 8,7 M.

Knrouesvie  cnosa. ayemuncaruyunosas Kucioma,
onekmpoxumuyeckuii damuux (npubop obHapyscenus),
MOOUDUYUPOBanHbLe INEKMPOObL, U32OMOBIEHHbIE MEMOo-
dom mpagpapemnoii newamu.



