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We present in this manuscript for the first time the electrochemical oxidation of acetyl salicylic acid
and its voltammetric sensing in real samples at a sensitive edge plane pyrolitic graphite electrode
(EPPGE) modified with graphene. The electrochemical response of the sensor was improved compared
to edge plane pyrolytic graphite electrode and displayed an excellent analytical performance for the
detection of acetyl salicylic acid .These characteristics were attributed to the high acetyl salicylic acid
loading capacity on the electrode surface and the outstanding electric conductivity of graphene. A
linear response was obtained over a range of acetyl salicylic acid concentrations from 10 nM to 100nM
into a pH 4 buffer solution (N defined as the sample size N = 7) with a detection limit of 3 nM based
on (3-o/slope). The methodology is shown to be useful for quantifying low levels of acetyl salicylic
acid in a buffer solution. The protocol is also shown to be applicable for the sensing of acetyl salicylic
acid in human oral fluid samples. A linear response was obtained from 30nM to 150 nM into a human
oral fluid solution (N = 7) with a detection limit of 17.3nM. Cyclic Voltammetry (CV) using EPPG
modify with graphene has been employed in the proposed method for the determination of ASA in
drug preparations and human oral fluid.

Keywords: Acetyl Salcylic Acid, Electrochemical, Sensor, Modified Edge Plane Pyrolytic Graphite
Electrode and Graphene.

1. INTRODUCTION

Acetylsalicylic acid (ASA) which is depicted in Figure 1, is a salicylate drug, often used as an
analgesic to relieve minor aches and pains [1-5], as an antipyretic to reduce fever [1, 6-8], and as an
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anti-inflammatory medication [1, 9-10]. The active ingredient of ASA was first discovered from the
bark of the willow tree in 1763 by Edward Stone [4]. (Figure 1)

Most of the current analytical methods employed to analyse ASA are generally: high-
performance liquid chromatography—mass spectrometry [11-15] and gas chromatography—mass
spectrometry [16], ultra performance liquid chromatograghy tandem mass spectrometry [17] and
capillary electrophoresis [18] have also been reported for the determinations of ASA. However, many
of these methods require several time-consuming manipulation steps, sophisticated instruments and
special training.
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Figure 1. Chemical structure of Acetylsalicylic acid.

Electrochemistry is an advantageous analytical tool, which is cost effective, portable and fast. It
has been widely employed in biological matrixes [19-20], pharmaceutical [21] and some drugs
containing tertiary amine functional group [19, 22-24] due to its continuance, sensitivity,
reproducibility and selectivity towards many target analytes [19, 23, 25-26]. Electrochemical methods
including voltammetric techniques have also been developed for the determination of ASA [27-30].
Srivastava et al. [27] used surfactant-modified multiwalled carbon nanotube paste electrode for the
determination of ASA in pharmaceutical formulations, urine and blood samples by voltammetry. Tsali
et al. [28] investigated the electrocatalytic oxidation of acetylsalicylic acid at multiwalled carbon
nanotube-alumina-coated silica nanocomposite modified glassy carbon electrodes. Lu et al.[29]
reported an electrochemical sensor based on PATP—-AuNPs modified molecularly imprinted polymer
film for the detection of ASA. Rynkowski et al. [30] reported Voltammetric studies of acetylsalicylic
acid electro oxidation at platinum electrode. These reports showed good detection limits and sensitivity
however need extra time consuming modification process that involves various steps in incorporation
of the modifier to the substrate is the main drawback.

In the last ten years [31] graphene has attracted a great attention due to its large surface area,
high thermal and electrical conductivities, impressive mechanical properties, and low cost [31].
Graphene has been greatly employed in many fields [32-36] due to the superior performances and its
potential applications, including nanoelectronics, sensors, nanocomposites, catalysis, capacitors etc.
Graphene sheets have extraordinary electronic transport properties and high electrocatalytic activities
[37-39], and they have been investigated as electrode materials in optoelectronic devices [40],
electrochemical super-capacitors [41], fabricated field-effect transistors [42], and constructed

ultrasensitive chemical sensors [43], such as pH sensors [44], gas sensors [45], and biosensors [33].
The determination has been carried out at edge plane pyrolytic graphite sensor (EPPGSs) owing

to its wide potential window, strong adsorption tendency, low background current and easy
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maintenance. Another reason for choosing EPPGs is that it exhibits a better response in comparison to
other conventional electrodes like glassy carbon, indium tin oxide and gold electrodes [46-47].

This manuscript describes a novel electrochemical sensor that was fabricated with grapheme-
modified EPPGE and the electrochemical properties of the sensor were investigated. To the best of our
knowledge, there is no report based on using graphene edge plane pyrolytic graphite modified
electrodes for the determination of ASA. It can be used for ultrasensitive determination of ASA in
pharmaceutical products with Cyclic Voltammetry techniques. The results show that a grapheme
modified electrode exhibits excellent performance for detecting ASA.

2. EXPERIMENTAL SECTIONS

2.1 Reagents

All chemical reagents used to prepare solutions were purchased in their purest commercially
available forms from Aldrich. All aqueous 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
undertaken at 23+ 2 °C. Acetylsalicylic Acid containing tablets of different pharmaceutical companies
such as Galpharm International Ltd. were purchased from the local market. Pristine Graphene
Monolayer Flakes, Dispersion in ethanol was purchased from graphene Laboratories Inc. (Calverton,
USA).

2.2 Apparatus

Voltammetric measurements were carried out using a PG 580 (Uniscan Instruments Ltd., UK)
potentiostat/galvanostat and controlled by UiEchem software version with a conventional three-
electrode system comprised of a platinum wire as auxiliary electrode, Ag/AgCl (saturated. KCI) as
reference, and modified edge plane pyrolytic graphite electrode (EPPGE, diameter of 3 mm) with the
graphene as working electrode

2.3 Preparation of Gr modified electrode

Before modification, the EPPGE was polished to a mirror finish using finer emery-paper and
0.5 pum alumina slurry followed by rinsing thoroughly with water. After successive sonication in 1:1
nitric acid, acetone, and doubly distilled water, the electrode was rinsed with doubly distilled water.
The cleaned EPPGE was dried with nitrogen steam for the next modification. The Gr modified
electrode was prepared by casting 5 uL. of Gr solution (about 1.67 ug/mL) on the EPPG surface. After
the solvent evaporated, the electrode surface was thoroughly rinsed with redistilled water and dried in
the air. The obtained electrode was noted as Gr/EPPGE.
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3. RESULTS AND DISCUSSION

3.1. Electrochemical characterization of Gr/EPPGE

The surface character of Gr/EPPGE was investigated in the electrochemical probe 1.0x107
mol L™ [K3Fe(CN)g] containing 0.1 mol L™* KCI, using cyclic voltammetry (CV) technique at a scan
rate of 100mV/s which is depicted in Figure 2.
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Figure 2. Cyclic voltammograms response detected for (a) EPPGE modified with Gr in 1.0 10~ mol
L™ [KsFe(CN)s] containing 0.1 mol L™ KCI and b) bare EPPGE. Scan rate: 100 mV/s.

Figure 2 shows the voltammograms obtained at a EPPGE modified with Gr (curve a), and a
bare EPPGE (curve b) respectively. A well shaped CV which is depicted in Figure 2, voltammogram
b) with a peak-to-peak separation of approximately 70 mV was observed at the bare EPPGE. This
shows a reversible redox one electron transfer voltammogram of [K3Fe(CN)s] with peak currents at
Epa (anodic peak potential) = 0.198V and Epc (cathodic peak potential) = 0.273 V. When the EPPGE
is modified with Gr (Figure 2a), the current increases from approximately 180 to 600pA. This increase
in the peak current is owed to the excellent electric conduction of graphene compared to graphite.
There is also a shifting in the peak potential, with peak currents at Epa (anodic peak potential) =
0.213V and Epc (cathodic peak potential) = 0.288 V compared to bare EPPGE.
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3.2 Electrochemical behaviors of Acetyl Salicylic Acid on Gr/EPPG

A CV was used to investigate the electrochemical behavior of 10 uM acetyl salicylic acid on a
graphene/EPPG and a bare EPPG in phosphate buffer pH4 at a scan rate of 100mVs™which were
recorded and shown in Figure 3.
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Figure 3. Cyclic voltammetric response recorded at EPPGE a) with Gr and b) without Gr in 10 uM
ASA in pH 4 phosphate buffer solution. Scan rate:100 mV/ s.

At the bare EPPGE (curve b), ASA shows an irreversible behavior with relatively weak redox
current peak approximately Ip=50pA and an anodic peak potential of Epa = 700mV. However, as can
be seen from curve a), ASA exhibits on the graphene-modified EPPG a well-defined oxidation peak at
Epa = 720 mV which shifted approximately 20mV compared to curve b) which can be assigned to the
oxidation of ASA to Salycilic Acid, as reported in literature[30]. The redox peak currents for Gr/EPPG
are higher than that at the bare EPPG.

3.3 Optimization of the experimental conditions

3.3.1 The effect of the scan rates

The effect of the scan rates is studied by using Cyclic Voltammetry for a EPPGE modified with
Grin 1.0 10~ mol L™ [K3Fe(CN)s] 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 which is recorded and shown in Figure 4.

According to the Randles—Sevcik equation Ip = 2.69x10° n *2AD, ¥ Cov /2, the scan rates can
be obtained from a plot of the voltammetric peak current (Ip) vs. the square root of scan rate (v */2).
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Figure 4. Cyclic voltammograms response observed for EPPGE modify with Gr in 1.0 102 mol L™
[K3Fe(CN)g] 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.

The redox peak currents at the graphene-modified EPPGE increased linearly with the scan rate
in the range from 5 to 1000mV/s (inset, Figure 4; linear regression equation: Ip = 43.786 + 47.654v, R
=0.993). This indicates that the modified-electrode reaction is a surface confined process.

3.3.2 The effect of Ph

ASA in aqueous media oxidizes Salicylic Acid and Acetic Acid as depicted in Scheme 1.

We note that the pKa of ASA is reported to be 3.49 within the literature[48],therefore, ASA
was prepared in a phosphate buffer solution at pH 4 as depicted in Figure 4. At pH 4, ASA is easily
oxidised compared to more basic pHs as is demonstrated in Figure 5 a) and b).

o o
+ )‘k
o)k + H20 > OH OH
07 oH o~ O

Aspirin Salycilic Acid acetic acid

Scheme 1. Mechanism of the Oxidation of Aspirin.
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The effect of Peak Current vs. pH and Peak Potential vs. pH was investigated. The experiment
results showed that electrochemical responses of ASA are highly dependent on the pH over a solution
range of pH 4 to pH 10 as illustrated in Figure 5 a) and b).

The pH of the supporting electrolyte is an important factor that affects redox behaviour of
biomolecules and drugs. The influence of buffer pH on the electrochemical response of ASA was
recorded and the data were shown in Figures 5a and 5b respectively (in pH range from 4 to 10). The
results indicated that the peak current (Ipa) and peak potential (Epa) were affected by the pH of the
solution. As it can be seen the maximum current response of ASA was obtained at pH 4.0. The
oxidation peak potential of ASA increases linearly (from pH 4 to 10) with increase in pH which
indicates that the electro-oxidation process becomes easier at lower pHs as shown in Figure 5b. At pH
4 there is a drop of the potential which indicates that pH 4 is the optimum pH for the ASA oxidation.
Therefore, pH 4.0 was chosen for the subsequent analytical experiments.

The peak height (Ip) vs. pH plot which is depicted in Figure 5a is linear (from pH 4 to pH 10)
and can be presented by the following equation:

Ip/uA (pH 4-10)=-8.36x+172.16 versus Ag/AgCl for ASA with correlation coefficients of 0.99.

The peak potential (Ep) vs. pH plot which is shown in Figure 5b is linear (from pH 4 to pH 10)
and dependent on the anodic peak potential of the analyte on the pH and can be presented by the
relation:

Ep/V (pH 4-10) = 0.0063 V/pH + 0.7321 versus Ag/AgClI for ASA with correlation coefficients
of 0.99.
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Figure 5. (a) A plot of peak current

10

as a function of pH for the electrochemical oxidation of 10uM

ASA using EPPGE modified with Gr. Scan rate: 100mV/s. (b) A plot of peak potential (Ep) as
a function of pH for the electrochemical oxidation of 10uM ASA using EPPGE modified with

Gr at Scan Rate: 100mV/s.

3.3.3. Effect of concentration

600 ~
500+
400+
300+

200 +

Current/pA

100 +

0.2

160
140
120
100 L]

20 40 60 80
Concentration of Aspirin/nM

Additions
of Aspirin

04 06 08 10 12
Potential/V vs. (Ag/AgCl)

Figure 6. A) Cyclic voltammogram response observed for phosphate buffer solution pH 4 at EPPGE
modified with Gr over a range of ASA concentrations from 10nM to 100nM. Scan Rate:
100mv/s. B) A plot of peak height (ip), a function of ASA concentration using EPPG modified
with Gr at a scan rate: 100mV/s.
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After determining that the optimum experimental pH for the oxidation of ASA using the
EPPGE modified with Gr was that of pH 4, a range of concentrations of ASA was explored. The
oxidation of ASA occurs at high positive potential as is illustrated in Figure 6a where the oxidation
peak observed depicted in Figure 6b.

The Ipa was linearly related to the ASA concentration in the range of 10-100nM as depicted in
Figure 6b. The linear regression equation was (Ip/pA= 1.7610x+18.901 with N=7, R* = 0.9914) over
the analytical range studied 10 nM to 100nM into a pH 4 buffer solution (N = 7) with a detection limit
of 3 nM (based on 3-c/slope).

3.4 Analytical Applications

3.4.1 Pharmaceutical Analysis

The method that was developed was used to determine ASA (0.075g/tablet) commercial tablets
(UK, Galpharm International Ltd.). The tablets were ground to powder and dissolved in buffer
solution. Using the proposed method, the concentration of ASA of the pharmaceutical preparation was
detected (0.069 g/tablet), which is in good agreement with the content of ASA provided by the
manufacturer. The recoveries of the tests were in the range from 95.2% to 101.6% .The sensor was
also validated with ASA - spiked human oral fluid samples, and the recovery of the spiked sample was
102.9%. These results indicate that the sensor developed in this work has high sensitivity and
selectivity for detecting ASA in commercial tablets and human oral fluid samples

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

Following confirmation that successful determination of ASA was possible in ideal conditions
utilising a standard pH 4 phosphate buffer, the viability of the analytical protocol was tested in relation
to detection within analytically relevant media.

Aspirin is clinically employed for analgesic and antipyretic effects and it is taken orally,
therefore, it is considered worthwhile to determine the concentration of ASA in human oral fluid. First,
attention was turned to exploring the analytical sensing of ASA in human oral fluid. Additions of ASA
were made into human oral fluid solution over the concentration range of 30 to 150nM which is
depicted in Figure 7.

As is shown in Figure 7, the calibration plot resulting from the addition of ASA is linear over
the concentration range 30 to 150nM. (Ip/pA = 0.8132x+120.132, R* = 0.9838 and N = 7) with a
detection limit of 17.3 nM (based on 3-sigma) was studied. Returning to the observed analytical
response, critically the human oral fluid solution employed was not modified in any way prior to use.
The lack of sample pretreatment highlights the truly useful nature of the analytical protocol when
utilised for real-world applications
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Figure 7. A calibration plot of peak height (Ip), as a function of ASA concentration corresponding to
the addition of ASA into human oral fluid sample solution over the concentration range 30—
150nM using EPPGE modified with Gr. Scan Rate: 100mV/s.

3.5 Summary and comparison of current analytical approaches for the sensing of acetyl salicylic acid

A summary and a comparison of our method depicted in Table 1 of current analytical
approaches for the sensing of acetyl salicylic acid are shown. (Table 1)

It is important to pay special attention to the work reported by Tsai et al[28] who investigated
the electrocatalytic oxidation of acetylsalicylic acid at multiwalled carbon nanotube-alumina-coated
silica nanocomposite modified glassy carbon electrodes This report exhibits good detection limits and
sensitivity however the drawbacks are the need of extra time consuming modification process that
involves various steps in incorporation of the modifier to the substrate.

Table 1. Comparison of the proposed sensor with the other techniques earlier reported for the
determination of acetyl salicylic acid in real samples and buffer.

Analytical Method  Analytical Limit of Matrix Reference
Linear Range Detection
This method 30-150nM 17.3nM Human Oral
Fluid
This method 10-100 nM 3nM Buffer
MWCNT- 15-65uM 3.77 uM Buffer 18]
ACS/GCE
UPLC-MS 0.1-1pg/g Not report Buffer 1]
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Bare EPPGE 0.02-100pM 0.01 uM Buffer [49]

UPLC 32-98ug/mL Not report Buffer [50]

GC-MS 0—1 pg/mL Not report Human Plasma 1
plasma.

GCE/Gr 20.2nM Buffert [51]

4. CONCLUSIONS

The proposed protocol demonstrates for the first time the successful application of EPPGE
modified with Gr for the determination of ASA in pharmaceuticals products as well as human oral
fluid samples with excellent sensitivity and selectivity. Long term stability and excellent
reproducibility of the proposed sensor with essentially no pretreatment or maintenance offers a good
possibility for extending the method for routine analysis of ASA. A linear response is observed for a
buffered solution (Ip/uA= 1.7610x+18.901, R? = 0.9914 and N = 7) over the range 10 nM to 100nM
into a pH 4 buffer solution with a detection limit of 3 nM (based on 3-sigma). ASA is also linear over
the concentration range 30 to 150nM. (Ip/pA = 0.8132+120.132, R* = 0.9838 and N = 7) with a
detection limit of 17.3nM (based on 3-sigma) studied for a human oral fluid. The additional advantage
of the approach is that no sample pretreatment is required and rapid testing times with on-site
determination are possible.

ACKNOWLEDGEMENTS

C. F. expresses gratitude to Robert Gordon University and S;C (Scottish Sensor Systems Centre) for
financial support via a start-up grant and S. Beddoes for her advice and comments. CF,P.P and R.K
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 Innovation in Chemistry (PERCH-CIC) for financial support and Mahasarakham University for
facilities.

References

1. C.N.Floyd and A. Ferro, Pharmacol. Ther. 141 (2014) 69.

2. E.H. Awtry and J. Loscalzo, in "Platelets (Second Edition)", edited by A. D. Michelson (Academic
Press, Burlington, 2007) p. 1099.

3. D. W. Gilroy, Prostaglandins Leukot. Essent. Fatty Acids 73 (2005) 203.

4. E. Stone, Phil. Trans. 53 (1763) 195.

5. W. Sneader, Brit. Med. J. 321 ( 2000) 23.

6. D. M. McCarthy, B.Pract. Res. Clin. Gastroenterol. 26 (2012) 101.

7. D. D. Stevenson and A. Szczeklik, J.Allergy Clin. Immunol. 118 (2006) 773.

8. C. N. Serhan, in "Handbook of Cell Signaling”, edited by E. A. Dennis (Academic Press,

Burlington, 2003) p. 281.
9. S. Straube, in "Side Effects of Drugs Annual”, edited by J. K. Aronson (Elsevier, 2012) p. 181.
10. M. Hussain, A. Javeed, M. Ashraf, Y. Zhao, M. M. Mukhtar and M. U. Rehman, Int.
Immunopharmacol.12 (2012) 10.



Int. J. Electrochem. Sci., Vol. 9, 2014 5710

11

12.
13.
14.

15.

16.

17.
18.

19.

20.
21.
22.

23.
24.
25.
26.
217.
28.
29.
30.

31.

32.
33.
34.
35.
36.

37.
38.
39.

40.
41.

42
43
44
45
46
47

. D. D. Shinde, K.-B. Kim, K.-S. Oh, N. Abdalla, K.-H. Liu, S. K. Bae, J.-H. Shon, H.-S. Kim, D.-H.
Kim and J. G. Shin, J. Chrom. B 911 (2012) 113.

S. R. Polagani, N. R. Pilli and V. Gandu, J. Pharm. Anal. 2 (2012) 206.

E. Yamamoto, S. Takakuwa, T. Kato and N. Asakawa, J. Chrom. B 846 (2007) 132.

M. S. Elmastry, I. S. Blagbrough, M. G. Rowan, H. M. Saleh, A. A. Kheir and P. J. Rogers, J.
Pharm. Biom. Anal. 54 (2011) 646.

J. T. Franeta, D. Agbaba, S. Eric, S. Pavkov, M. Aleksic and S. Vladimirov, Il Farmaco 57 (2002)
709.

D. Tsikas, K. S. Tewes, F.-M. Gutzki, E. Schwedhelm, J. Greipel and J. C. Frolich, J. Chrom. B
709 (1998) 79.

S. M. Wabaidur, Z. A. Alothman and M. R. Khan, Spectrochim. Acta Part A:108 (2013) 20.

M. C. Marra, R. R. Cunha, D. T. R. Vidal, R. A. A. Munoz, C. L. d. Lago and E. M. Richter, J.
Chrom. A 1327 (2014) 149.

J. L. Adcock, C. J. Barrow, N. W. Barnett, X. A. Conlan, C. F. Hogan and P. S. Francis, Drug Test
Anal. 3 (2011) 145.

C.-H. Lien, K.-H. Chang, C.-C. Hu and D. Shan-Hill Wang, J. Electrochem. Soc. 160 (2013) B107.
D. Yuan, S. Chen, R. Yuan, J. Zhang and W. Zhang, Analyst 138 (2013) 6001.

C. Qihong, C. Lifen, L. Fang, Q. Bin, L. Zhenyu and C. Guonan, Anal. Bioanal. Chem. 400 (2011)
289.

Z. Cai, Z. Lin, X. Chen, T. Jia, P. Yu and X. Chena, Lumin.. 24 (2010) 367.

H. Dai, Y. Wang, X. Wu, L. Zhang and G. Chen, Biosen. Bioelectron. 24 (2009) 1230.

C. S. Haslag and M. M. Richter, J. Lumi. 132 (2012) 636.

H.-J. Li, S. Han, L.-Z. Hu and G.-B. Xu, Chin. J. Anal. Chem. 37 (2009) 1557.

B. J. Sanghavi and A. K. Srivastava, Electrochim. Acta 55 (2010) 8638.

T.-L. Lu and Y.-C. Tsai, Sens.Actuators B: 148 (2010) 590.

Z. Wang, H. Li, J. Chen, Z. Xue, B. Wu and X. Lu, Talanta 85 (2011) 1672.

E. Wudarska, E. Chrzescijanska, E. Kusmierek and J. Rynkowski, Electrochim. Acta 93 (2013)
189.

M. Pumera, A. Ambrosi, A. Bonanni, E. L. K. Chng and H. L. Poh, Trends Anal. Chem. 29 (2010)
954,

Y. Sui and J. Appenzeller, Nano Lett. 9 (2009) 2973.

C. Shan, H. Yang, J. Song, D. Han, A. Ivaska and L. Niu, Anal. Chem. 81 (2009) 2378.

S. Guo, S. Dong and E. Wang, ACS Nano 4 (2009) 547.

B. Seger and P. V. Kamat, J. Phys.Chem. C 113 (2009) 7990.

Y. Wang, Z. Shi, Y. Huang, Y. Ma, C. Wang, M. Chen and Y. Chen, J. Phys. Chem. C 113 (2009)
13103.

K. S. Novoselov, A. K. Geim, S. V. Morozov, D. Jiang, Y. Zhang, S. V. Dubonos, I. V. Grigorieva
and A. A. Firsov, Science 306 (2004) 666.

S. Stankovich, D. A. Dikin, G. H. B. Dommett, K. M. Kohlhaas, E. J. Zimney, E. A. Stach, R. D.
Piner, S. T. Nguyen and R. S. Ruoff, Nature 442 (2006) 282.

Y. Zhang, Y.-W. Tan, H. L. Stormer and P. Kim, Nature 438 (2005) 201.

W. Hong, Y. Xu, G. Lu, C. Li and G. Shi, Electrochem. Commun. 10 (2008) 1555.

F. Schedin, A. K. Geim, S. V. Morozov, E. W. Hill, P. Blake, M. I. Katsnelson and K. S.
Novoselov, Nat Mater 6 (2007) 652.

. S. Gilje, S. Han, M. Wang, K. L. Wang and R. B. Kaner, Nano Letters 7 (2007) 3394.

.J. Li, S. Guo, Y. Zhai and E. Wang, Electrochem. Commun. 11 (2009) 1085.

. P. K. Ang, W. Chen, A. T. S. Wee and K. P. Loh, J. Am. Chem. Soc. 130 (2008) 14392.

.Z. M. Ao, J. Yang, S. Li and Q. Jiang, Chem. Phys. Lett. 461 (2008) 276.

.J. L. Yan, Journal of Applied Sciences 6 (2006) 1625.

. R. N. Goyal, S. Chatterjee and B. Agrawal, Sens. Actuators B:145 (2010) 743.



Int. J. Electrochem. Sci., Vol. 9, 2014 5711

48. E. S. Feinman, (1994) Beneficial and Toxic Effects of the Aspirin, (CRC press, Boca Raton,
Florida, 1994).

49. R. N. Goyal, S. Bishnoi and B. Agrawal, J. Electroanal. Chem. 655 (2011) 97.

50. S. K. Malisetty and C. Rambabu, Pharm. Methods 4 (2013) 26.

51. S. M. Patil, S. R. Sataraddi, A. M. Bagoji, R. M. Pathan and S. T. Nandibewoor, Electroanal. 26
(2014) 831.

© 2014 The Authors. Published by ESG (www.electrochemsci.org). This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/4.0/).



http://www.electrochemsci.org/

	OA: GOLD
	OA Logo: 
	AUTHORS: KRUANETR, S., POLLARD, P., FERNANDEZ, C. and PRABHU, R.
	TITLE: Electrochemical oxidation of acetyl salicylic acid and its voltammetric sensing in real samples at a sensitive edge plane pyrolytic graphite electrode modified with graphene.
	YEAR: 2014
	Publisher citation: KRUANETR, S., POLLARD, P., FERNANDEZ, C. and PRABHU, R. 2014. Electrochemical oxidation of acetyl salicylic acid and its voltammetric sensing in real samples at a sensitive edge plane pyrolytic graphite electrode modified with graphene. International journal of electrochemical science [online], 9(10), pages 5699-5711. Available from: http://www.electrochemsci.org/papers/vol9/91005699.pdf
	OpenAIR citation: KRUANETR, S., POLLARD, P., FERNANDEZ, C. and PRABHU, R. 2014. Electrochemical oxidation of acetyl salicylic acid and its voltammetric sensing in real samples at a sensitive edge plane pyrolytic graphite electrode modified with graphene. International journal of electrochemical science, 9(10), pages 5699-5711. Held on OpenAIR [online]. Available from: https://openair.rgu.ac.uk
	Version: PUBLISHED
	Publisher: ESG
	Series: International journal of electrochemical science
	ISSN: 1452-3981
	eISSN: 
	Set statement: 
	License: BY
	License URL: https://creativecommons.org/licenses/by/4.0
	CC Logo: 
		2016-06-29T12:52:45+0100
	OpenAIR at RGU




