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ABSTRACT

It is found that the mixed-valence ruthenium and cobalt oxides (CoOx-RuOx) composite
electrodeposited on screen printed electrode exhibits catalytic activity during caffeine and paracetamol
electrooxidation. These compounds are oxidized at different potentials which provides selective voltammetric
determination at simultaneous presence. A method of amperometric determination of caffeine and
paracetamol on a dual electrode modified with CoOx-RuOx composite in a flow injection analysis is developed.
The linear relationship between an analytical signal and analyte concentration is found in the range from 5x107 mol/l to
5x10° mol/l. Using a modified dual screen printed electrode as an amperometric detector in flow injection
analysis allows to determine up to 360 samples/hour. The developed method has been tested in the analysis of
some pharmaceuticals.
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INTRODUCTION

The combined caffeine (CF) and paracetamol (PC) based analgesics are non-narcotic drugs and widely
distributed in the pharmacy network. This growth of marketed drugs, observed in recent years supposed a
need to introduce more advanced analysis and to develop the methods for appropriate drugs quality
assessment techniques provided simplicity, accuracy, sensitivity, selectivity and rapidity of analysis.

The most common methods for the determination of CF and PC presented in literature are
chromatographic [1], spectral [2-5] and electrochemical [6-13]. However, the chromatographic methods have
a number of limitations related to need for sample preparation, the duration of analysis as well as the high
cost of equipment. The disadvantages of spectral methods consist of a lack of sensitivity and complexity of
multicomponent analysis. Among the electrochemical method, the voltammetry has several advantages which
provide a high sensitivity, rapidity, low cost of the used equipment as well as its operational simplicity.

On the carbon electrodes, CF and PC can not be determined at their simultaneous presence because
the compounds are oxidized with overvoltage at the more positive potentials. In order to eliminate this
drawback, chemically modified electrodes (CMEs) are usually used. They can increase the sensitivity and
selectivity of detecting biologically active compounds [14, 15]. Thus, various materials are applied as modifiers
to determine CF and PC; they include polymer films [6-8], metal oxides [9], graphene [10], carbon nanotubes
[11-13, 16-17] and other carbon materials. The catalytic properties of modifiers help to reduce the overvoltage
of CF and PC oxidation and to increase the sensitivity, and in some cases, the selectivity of their determination.
For example, application of a carbon-paste electrode modified with multilayer carbon nanotubes [17] or poly-
1.5-diaminonaphthalene [8] allows increasing the selectivity of CF and PC voltammetric determination.

This work is devoted to the study of electrocatalytic properties of the mixed-valence ruthenium and
cobalt oxides (CoOx-RuOx) composite electrodeposited on screen printed electrode (SPE) or a dual screen
printed electrode (DSPE) during electrooxidation of CF and PC for the development of sensitive, selective and
express method of amperometric detection of these compounds in flow injection analysis (FIA).

EXPERIMENTAL PART

The cyclic voltammograms were recorded using a WSTAT400 bipotentiostat by DropSens (Spain) with
a 10 mL electrochemical cell containing PE or DPE produced by DropSens (Spain). The working and auxiliary
electrodes were made from a carbon paste and the reference electrode - from a silver paste. The planar
electrode sizes were 33x10x0.5 mm. The composite based on the cobalt and ruthenium oxides was used as a
modifier. The cyclic voltammogram curves were recorded at a potential sweep rate (v) 20-100 mV/s.

The surface of the working SPE or DSPE was modified by electrolysis. The composite RuOx-CoOx was
formed on the electrode surface step by step using firstly potentiodynamic electrodeposition of the RuOx oxide
layer and then potentiostatic electrodeposition of CoOx oxide layer. The electrodeposition was carried out in
solutions containing a chemically pure RuClz by Aldrich and a chemically pure CoClz by Acros Organics with a
background of 0.1 M solution of KNOs. Solutions of these compounds were prepared by dissolving accurately
weighed substances.

FIA was conducted with PERIMAX 12 peristaltic pump (Germany), injector, mixer, electrochemical
flow cell and a recording device - uSTAT400 bipotentiostat by DropSens combined with a personal computer.
An analyte was detected in a wall-jet electrochemical flow cell with SPE or DSPE. The cell volume was 8 pl.

When using a thin layer flow cell, the nominal values of the flow rate varied from 0.65 till 4.74 ml/min.
The supporting electrolyte supply, transportation of a liquid mixture were carried out through the tubes of a

constant internal diameter of 1.4 mm.

The chemically pure CF and PC by Aldrich with the following structures were used as analytes:
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The CF and PC solutions were prepared by accurately weighed portions of reagents. Solutions of lower
concentrations were obtained by diluting the initial solution directly before measurements. A phosphate
buffer solution with pH 6.9 was used as a supporting electrolyte in stationary mode conditions and as a carrier
flow in flow systems.

RESULTS AND DISCUSSION
The PC and CF co-determination on an unmodified electrode is impossible in a neutral agqueous

medium, since PC is oxidized with overvoltage at high potentials (at £ 0.80 V), and CF is not oxidized in the
working area of potentials. The following equations usually represent the electrooxidation schemes of PC and

CF[17]:
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Scheme 2. Caffeine electrooxidation.

Several typical peaks (Figure 1a) for Ru and Co oxides are recorded on the voltammogram obtained on
the SPE modified with a composite based on mixed-valence ruthenium and cobalt oxides (RuOx-CoOx-SPE) in a
background phosphate buffer solution pH 6.9. In accordance with the published data [18, 19], it can be
assumed that the electron transfers Ru(ll) — Ru(lll), Ru(lll) — Ru(IV), Ru(lV) — Ru(VI) n Co(ll) — Co(lll) take
place at the relevant potentials of the peak current.
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Figure 1. Cyclic voltammograms on the RuOx-CoOx-SPE in phosphate buffer pH 6.9 in the absence (Curve 1a
and 1c) and in the presence of paracetamol (Curve 2a) and caffeine (Curve 2c) (C = 5x10~2 mol/l); the

dependence of I/\/V from +/V dependency diagrams for the electrooxidation of paracetamol (b) and
caffeine (d) at this CME.

A single peak of CF and PC electrooxidation is observed in the modifier’s oxidation area on the anodic
curve of the cyclic voltammogram on RuOx-CoOx-SPE in background phosphate buffer pH 6.9. Height of the
peak depends on the analyte concentration. The PC is oxidized at E, 0.50 V (Figure 1a). The negative slope of

the relationship between peak current (/) and scan rate for //\/V and +V shows kinetic nature of the
analytes oxidation (Figure 1b) that is evidence for the electrode process complicated with a chemical reaction.
Electrooxidation of CF on the RuOx-CoOx-SPE occurs at Ep 1.30 V (Figure 1c); relationship between peak current
(1) and scan rate also has a negative slope (Figure 1d). Electrooxidation of the studied compounds under
consideration occurs at the modifiers’ oxidation potentials and a multiple current gain compared with the
modifier’s oxidation current is being while there is a decreased overvoltage of analyte oxidation as compared
with its oxidation potential on an unmodified electrode. All these facts point to the demonstration of
immobilized modifier catalytic activity during to PC and CF electrooxidation. The catalytic effect calculated
against the relationship between the catalytic current of substrate oxidation on a CME and the modifier
oxidation current is equal to 16.0 and 4.0 for PC and CF, respectively.
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Figure 2. Voltammograms of caffeine and paracetamol electrooxidation (a) or of caffeine, paracetamol and
acetylsalicylic acid electrooxidation (b) (C = 51072 mol/l) at simultaneous presence on the RuOx-CoOx-SPE in
phosphate buffer solution pH 6.9
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It should be noted that the catalytic response of the RuOx-CoOx-SPE is highly stabile and reproducible.
Electrooxidation of PC and CF occurs on the modified electrode at different potentials 0.45V and 1.30V,
respectively, the potential difference of the analyte oxidation peaks is 850 mV (Figure 2a) which allows their
selective voltammetric determination at simultaneous presence.

The RuOx-CoOx-SPE with electrocatalytic properties was used for the voltammetric determination of
PC and CF in phosphate buffer solution pH 6.9. The concentration of analytes was found using the calibration
curves. The intervals of linear relationships between the catalytic current and analyte concentration and the
corresponding regression equation are presented in Table 1. As can be seen from Table 1, relationships
between the current detected on the CME and the analyte concentration are linear for a wide range.

Table 1. Analytical characteristics of the voltammetric determination of paracetamol and caffeine on the
RuOx-CoOx-SPE in phosphate buffer solution pH 6.9

Range of Reglr(e/s;si;)rliqluzcation
Analyte Electrode concentrations, & 8¢, R
(1, uA; s, mol/l)
mol/I
a
Paracetamol RuOx-CoOx-SPE 5%10 +5x10 2.740.2 4.340.2 0.988
Caffeine RuOx-COOx-SPE 5%10 +5x10 3.240.2 3.540.2 0.997

The accuracy of determination results is estimated by the added-found approach. The relative
standard deviation (Sr) does not exceed 5% for the range of studied concentrations.

Due to necessity of the analytical control of PC and CF in the combined drugs containing acetylsalicylic
acid (ASA), a possibility of selective determination of these compounds in mixture on the RuOx-CoOx-SPE is
investigated.

The possibility of selective voltammetric determination of CF, ASA and PC in mixture using the
composite electrode RuOx-CoOx-SPE has been established (Figure 2b). The peak potential difference of the
analyte oxidation is in the range from 400 to 450 mV which allows co-determination of the CF and PC in the
presence of ASA.

The possibility of amperometric detection of CF and PC on the RuOx-CoOx-SPE if FIA was studied.
Measurements were carried out in the potentiostatic mode. As an example, Figure 3a shows a shape of
analytical signal of PC electrooxidation on the RuOx-CoOx-SPE. Electrochemical and hydrodynamic conditions of
FIA-signal were found for each compound.
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Figure 3. Analytical signals of the paracetamol electrooxidation on the RuOx-CoOx-SPE (a) and of the caffeine
and paracetamol electrooxidation on the RuOx-CoOx-DSPE (b) in flow injection analysis
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Based on the experimental results, the working conditions of the CF and PC determination were found
for the FIA mode: PC was determined at £ 0.50 V, CF — at £ 1.35 V at a flow rate of 3.8 ml/min and an injected
sample volume of 0.2 ml. In the selected conditions, the relationship between an analytical signal and an
analyte concentration was recorded for the FIA mode (Table 2). As one can see, relationships between the
current on the CME and the analyte concentration are linear for a more wide range than for batch conditions
up to the lower bound of determined concentration equalled to 5x107 mol/I.

Table 2. Analytical characteristics of paracetamol and caffeine determination on the RuOx-CoOx-SPE in
phosphate buffer solution pH 6.9 in flow injection analysis

Range of Regression equation
. lgl=a+blgc,
Analyte Electrode concentrations, R
(I, WA; ¢, mol/l)
mol/I
a b
Paracetamol RuOx-CoOx-SPE 5><10'7+5><10'3 3.1+0.3 3.840.3 0.996
Caffeine RUOx-COOx-SPE | 5x10" =5x10 2.740.2 3.240.2 0.998

It has been found that after using RuOx-CoOx-SPE in a flow cell without refreshing the electrode
surface the signal reproducibility has been enough stable. The calculated values S for the PC and CF oxidation
current do not exceed 2.0% (when n = 20, C = 5x1073M). The proposed method has high sensitivity, rapidity
and efficiency of analysis (up to 180 samples/h when the response time of modified SPE is 20 s).

The possibility of simultaneous amperometric detection of CF and PC in FIA was studied. For this
purpose, modified DSPE was used — an electrode with two working electrodes which surface was modified
with the RuOx-CoOx composite (RuOx-CoOx-DSPE). Using this CME provides the simultaneous determination of
two compounds at two different potentials (Figure 3b) applied to the working electrodes. In this case, the
measurements were also carried out in potentiostatic conditions at £ 0.50V and 1.35V for PC and CF,
respectively, at a flow rate of 3.8 ml/min and the injected sample volume of 0.2 ml. Such measurement of an
analytical signal for FIA leads to improving selectivity and rapidity of analysis.

The developed method was used for simultaneous determination of PC and CF in drugs. Table 3 shows
the results of PC and CF determination in drugs by amperometry on modified DSPE with RuOx-CoOx composite
in FIA.

Table 3. Results of paracetamol and caffeine determination in drugs by amperometry on a modified DSPE
with RuOx-CoOx composite in a flow injection analysis; n = 6, P = 0.95, tiabe = 2.57

Medicinal drugs Analyte Content in a drug/g Detected, g Sr teale
Paracetamol 0.50 0.47+0.01 0.03 1.73

Panadol
Caffeine 0.065 0.064 +0.002 0.04 2.00
Paracetamol 0.50 0.51+0.01 0.03 2.4

Solpadein
Caffeine 0.065 0.067 £ 0.002 0.04 1.83
Paracetamol 0.300 0.300+0.005 0.03 1.35

Pentalgin
Caffeine 0.050 0.054 £+ 0.001 0.03 1.51

It has been established that the electrochemically inactive matrix components (sorbitol, sodium
bicarbonate, povidone, sodium lauryl sulfate, dimethicone, citric acid, sodium carbonate) and ASA which is
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oxidized at £ 0.90 V does not interfere with the determination. Statistical evaluation of the results using the t-
criterion value indicates the absence of any significant systematic error: tcaic < ttable (Table 3)

CONCLUSIONS

It has been established that the use of SPE modified with RuOx-CoOx composite reduces overvoltage
of PC and CF oxidation; increases the selectivity, sensitivity and decreases the lower bound of determined
concentration up to 5x10® mol/I. Using the amperometric response of the modified electrode in FIA provides
decreasing the lower bound of determined concentration up to 5x107 mol/I, improving the reproducibility and
rapidity of measurements, and increasing the efficiency of analysis up to 180 samples/h at a modified SPE with
the electrode response time of 20 s.A highly sensitive two-component analysis was carried out using a DSPE
with two working electrodes modified with the RuOx-CoOx composite. This increases the selectivity of the
determination since detection is carried out at different potentials, rapidity since detection of two compounds
occurs at the same time, and the efficiency up to 360 samples/h since response time of a modified DSPE; with
for two compounds reaches 20 s.

SUMMARY

A method of amperometric detection of caffeine and paracetamol on a dual screen printed electrode
modified with a composite based on mixed-valence ruthenium and cobalt oxides in a flow injection analysis
has been developed that can be applied for the caffeine and paracetamol co-determination, including in the
presence of acetylsalicylic acid in drugs with high sensitivity, selectivity, and rapidity. The method is simple and
highly effective.

ACKNOWLEDGEMENT

The work was performed according to the Russian Government Program of Competitive Growth of
Kazan Federal University.

REFERENCES
[1] Franeta J.T. HPLC assay of acetylsalicylicacid, paracetamol, caffeine and phenobarbital in tablets /
J.T. Franeta, D. Agbaba, S. Eric, S. Pavkov, M. Aleksic, S. Vladimirov // |. Farmaco, 2002, Volume 57, pp. 709-
713.
[2] Cesar J. Simultaneous determination of acetylsalicylic acid, paracetamol and caffeine using solid-

phasemolecular fluorescence and parallel factor analysis / J. Cesar, A. Ronei, J. Poppi // Anal. Chimica Acta,
2009, Volume 642, pp. 212-216.

[3] Nouruddin W. Validated spectrophotometric and spectrodensitometric methods for determination of a
ternary mixture of analgesic drugs in different dosage forms / W.Nouruddin, S.Abdelwahab,
M. Abdelkawy, A. Emam // Bulletin of Faculty of Pharmacy, Cairo University, 2012, Volume 50, pp. 99-109.

[4] Dinc E. An application of derivative and continuous wavelet trans forms to the overlapping ratio spectra for
the quantitative multiresolution of a ternary mixture of paracetamol, acetylsalicylic acid and caffeine in
tablets / E. Dinc, A. Ozdemir, D. Baleanu // Talanta, 2005, Volume 65, pp. 36-47.

[5] Marcelo M. N-way PLS applied to simultaneous spectrophotometric determination of acetylsalicylic acid,
paracetamol and caffeine / M. Marcelo, J. Poppi // J. Pharm. and Biomed. Anal, 2004, Volume 34, pp. 27-
34.

[6] Torres A.C. Simple electrochemical sensor for caffeine based on carbon and Nafion-modified carbon
electrodes / A.C. Torres, M.M. Barsan, C.M.A. Brett // Food Chem., 2014, Volume 149, pp. 215-220.

[7] Yangyang G. Simultaneous determination of theophylline and caffeine by large Mesoporous carbon/Nafion
modified electrode / G. Yangyang, W. Huan, G. Liping // J. Electroanal. Chem., 2013, Volume 706, pp. 7-12.

[8] Rajendra N. Simultaneous Monitoring of Aspirin, Paracetamol and Caffeine in Human Urine at Poly-1,5-

diaminonapthalene Modified Pyrolytic Graphite Sensor / N.Rajendra, A.Raj Singh Rana, H.Chasta //
Electrochem, 2013, Volume 160, pp. 3014-3019.

[9] Karimi-Maleh H. Evaluation of ZnO nanoparticle ionic liquid composite as a voltammetric sensing of
isoprenaline in the presence of aspirin for liquid phase determination / H. Karimi-Maleh , S. Rostami,
V.K. Gupta ,M. Fouladgar // J. Molecular Liquids, 2015, Volume 201, pp. 102-107.

November - December 2016 RJPBCS 7(6) Page No. 2890


http://jes.ecsdl.org/search?author1=Anoop+Raj+Singh+Rana&sortspec=date&submit=Submit

(10]

(11]

(12]

(13]

(14]
(15]

(16]

(17]

(18]

(19]

ISSN: 0975-8585

Jun-Yong S.A Graphene-based electrochemical sensor for sensitive determination of caffeine / S. Jun-Yong,
H. Ke-Jing, W. Shuai-Yun, W. Zhi-Wei, R. Fang-Ping // Colloids Surf., B, 2011, Volume 84, pp. 421-426.

Ozma J. Platinum decorated multi-walled carbon nanotubes/TritonX-100 modified carbon paste electrode
for the sensitive amperometric determination of Paracetamol / J. Ozma. J.R. Mascarenhas, T. Thomas,
M.B. Basavanakote, S. Arvind Kumar, M. Kingsuk, R. Debmalya // J. Electroanal. Chem., 2015, Volume 739,
pp. 49-57.

Suling Y. Nafion/multi-wall carbon nanotubes composite film coated glassy carbon electrode for sensitive
edetermination of caffeine / Y. Suling, Y. Ran, L. Gang, Q. Lingbo, L.lJianjun, Y. Lanlan // J. Electroanal.
Chem., 2010, Volume 639, pp. 77-82.

Habibi B. Simultaneous determination of codeine and caffeine using single-walled carbon nanotubes
modified with carbon-ceramic electrode / B. Habibi, M. Abazari, M.H. Pournaghi-azar // Colloids Surf., B,
2014, Volume 114, pp. 89-95.

Shaidarova L.G., Budnikov H.C. / Amperometric sensors with catalytic properties in organic voltammetry //
Anal. Chem. Series, Volume 14: Chemical sensors. M.: Nauka (Science), 2011, pp. 203.

Shaidarova L.G., Budnikov H.C. / Pharmaceutical analysis, Anal. Chem. Series, Volume 16, M.: ANRAMAK-
MEDIA, 2013, pp. 580.

Habibi B. A Carbon Nanotube Modified Electrode for Determination of Caffeine by Differential Pulse
Voltammetry / B.Habibi, M. Abazari, M.H. Pournaghi-azar // Chinese J. Catalysis, 2012, Volume 33,
Issue 11-12, pp. 1783-1790.

Sanghavi B.J. Simultaneous voltammetric determination of acetaminophen, aspirin and caffeine using an in
situ surfactant-modified multiwalled carbon nanotube paste electrode / B.J. Sanghavi, A.K. Srivastava //
Electrochem. Acta, 2010, Volume 55, Issue 28, pp. 638-8648.

Shaidarova L.G. Flow-injection and sequential injection determination of hydroxypurines on an
electrode modified with mixed-valence ruthenium and iridium oxides / L.G. Shaidarova,
I.LA. Chelnokova, G.F. Makhmutova, M.A. Degteva, A.V. Gedmina, H.C.Budnikov // J. Anal. Chem.,
2014, Volume 69, Issue 9, pp. 946-956.

Casella I.G. Electrodeposition of cobalt oxide films from carbonate solutions containing Co(ll)—tartrate
complexes / I.G. Casella // J. Electroanal. Chem., 2002, Volume 520, Issue 1-2, pp. 119-125.

November - December 2016 RJPBCS 7(6) Page No. 2891



