
J. Natn. Sci. Foundation Sri Lanka 2002 30(1&2): 43-53 

ELECTROCHEMICAL CHARACTERISTICS AND ANALYTICAL 
APPLICATIONS OF HEXADECYLMETHANESULFONATE-MODIFIED 
GLASSY CARBON ELECTRODES 

NAMAL PRTYANTHA' and HARSH~EKANAYAKE 
Department of Chemistry, University of Peradeniya, Peradeniya 

(Received: 06 November 2000; accepted: 11 July 2002) 

Abstract: Paracetamol and ascorbic acid are two extensively used drugs, and catechol 
is a neurotransmitter present in the human body. Although these substances are 
electrochemically active on the bare glassy carbon (GC) electrode within the cyclic 
voltammetric window of +1.0 V to -0.4 V, amperometric detection a t  bare GC electrodes 
does not yield accurate results due to high noise. Hexadecylmethanesulfonate 
(HDMSI-modified GC electrodes produce much improved signal-to-noise 
characteristics toward amperometric detection together with enhanced stability. 
Although sensitivity is little decreased due to modification with nonelectroactive 
HDMS, 1ower.detection limit in the range of 10-4 mol dm* is achieved with the modified 
electrode. Hence, HDMS-modified GC electrodes can be employed to quantify the 
active ingredient in Paracetamol tablets. 

Key wors: ascorbic acid, catechol, electrochemical detection, 
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INTRODUCTION 

The analysis of clinically important substances, mostly drugs, due to their 
significance in life, is an active area of research. However, the available techniques 
for the analysis of clinical substances have several drawbacks. For instance, 
colorimetric methods a re  limited to l ight sensitive compounds and gas 
chromatography for volatile substances. On the other hand, detection of these 
substances by gastliquid chromatography is complex and expensive.lY2 Therefore, 
the search for simple, economical and sensitive alternative techniques is a necessity. 
In this regard, electrochemical methods have gained attraction during the past two 
decades as they offer many advantages over other techniques. Consequently, 

5,6 electroanalytical methods such as vol ta~nmetry,~~~ amperometry, potentiometry, 
and chromatographic analysis coupled with electrochemical detectionB10 are widely 
used for the determination of clinically significant substances. 

Bare electrodes create many undesirable probleGs including unpredictable 
surface reactivity, interferences from the surface active or eledroactive impurities 
and other ill-defined surface processes, many of which can be overcome by chemical 
modification.'' Among different types of modifiers, electroactive modifiers act as a 
medium to transfer electrons between the electrode and solution, and hence they 
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12 
find many applications in analytical chemistry. More interestingly, some 
electroactive modifiers provide excellent electrocatalytic properties which make the 
analyte electroactive at a lower potential enhancing the power of electrochemical 
detection. The use of metalloporphyrin and metallophthalocyanine modified 

13 14 
electrodes for catalytic reductionioxidation of oxygen, nitrogen oxides, 

15 16 
organohalides and amino acids have already bee? successfully attempted. 

Electroinactive modifiers, on the other hand, interact with analyte molecules 
and alter chemical reactions, or alternatively, they act as a new phase on the 
conducting phase of the electrode. For instance, coatings prepared by a copolymer 
of styrene and maleic anhydride have been used to improve the analytical utility of 

17 
GC electrodes. Additionally; polymeric membranes in which analyte specific 
substances are incorporated have been employed in potentiometric determination 
of The use of ion exchangers such as nafion and other ionomeric polymers, 
and neutral carriers on electrode surfaces to improve selectivity of ~lectrochemical 
detection has become another attractive application in the area of chemically 

20 
modified electrodes. Surfactant incorporated electrode coatings have also found 
application in analytical chemistry, and such coatings have already been effectively 
used for the detection of ascorbic acid." Nevertheless, the use of surfactant modified 
electrodes for pharmaceutical/clinical analysis has not yet become a common practice. 

It is the aim of this research to investigate the mode of mass transfer and 
diffusion characteristics of GC electrodes modified with hexadecylmethanesulfonate 
(HDMS), an electroinactive substance. Novel analytical aspects of such modified 
electrodes, especially amperometric detection of clinically significant substances, 
are also reported. The validity of the proposed detection methodology is confirmed 
by successful analysis of commercial drug samples of Paracetamol. 

METHODS AND MATERIALS 

Materials: Hexadecylmethanesulfonate (HDMS), CH3-(CH,),5-S03CH3, was 
purchased from Aldrich Chemicals and used as received. The solvent used for HDMS 
was predistilled dichloromethane (BDH). Paracetamol standards were obtained from 
the State Pharmaceuticals Manufacturing Corporation, Sri Lanka, and catechol 
and ascorbic acid standards from BDH, England and Surechem, England, 
respectively. Commercial drug samples containing Paracetamol were purchased from 
local drug stores. The supporting electrolyte was 0.1 mol dm-3 NaCl, prepared in 
distilled water, and the volume of the electrochemical cell was 25.0 cm3. 

Instrumentation: A three electrode potentiostatic circuit, consisting of a glassy carbon 
(GC) working, saturated calomel (SCE) reference and a platinum wire auxiliary 
electrode, was used for all experiments. Bn Oxford Instruments Potentiostat and a 
YEW Instruments Model 3022 X-Y recorder were used for all measurements. All 
potentials were recorded with respect to SCE. 
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Preparation of Modified Electrodes: The coating solution of I x I O - ~  mol dm-3 HDMS 
was prepared by dissolving the pure solid in predistilled dichloromethane. 

The GC electrode was cleaned by polishing with alumina sluky and rinsing 
with distilled water, and was allowed to air dry. Then, a few drops of the coating 
solution were evaporated on the electrode surface. The electrode was kept in the 
electrolyte solution for a t  least 20 minutes to equilibrate before each experiment. 
Such prepared electrodes gave reproducible results, and the stability of the coating 
was fairly high. 

Commercial Drug Analysis: Ten tablets of each commercial brand were selected 
randomly and crushed well to a uniform powder. A known weight of the powdered 
sample was dissolved in the electrolyte and filtered to prepare the analyte solution. 
A fixed volume of this solution was injected into the electrochemical cell and the 
corresponding amperometric current was measured. The number of trials was varied 
depending on the reproducibility of amperometric responses. The concentration of 
the active ingredient in the drug was determined with the aid of an amperometric 
calibration curve, which was constructed using standards. The percentage of the 
active ingredient of each brand, determined arnperometrically, was compared with 
the reported values. 

RESULTS AND DISCUSSION 

Paracetamol analysis 

Cyclic voltammetric experiments of Paracetamol standards conducted in aqueous 
medium a t  bare GC electrodes show a single oxidation peak a t  + 0.6 V (Figure la). 
Reversible electrochemistry is not observed as expected due to the large molecular 
size of the analyte. The scan rate dependence experiments carried out with 5.0~10- 
"01 dm3 Paracetamol solution conclude that the mode of mass transfer is mainly 
due to diffusion as the slope of log ip vs. log Ov plot, where ip is the peak current and 
Ov is the scan rate, is approximately 0.5. The concentration dependence of cyclic 
voltammetric peak current at  the peak potential revealed the analytical utility of 
the bare GC electrode for detection of Paracetamol. The.limit of detection can be 
decreased by employing amperometric procedures as they are more sensitive than 
cyclic voltammetry. However, amperometric responses of Paracetamol a t  bare GC 
electrodes are accompanied by high noise which becomes more significant as the 
concentration of the analyte is increased (Figure 2a). Change in the applied potential 
does not overcome this problem. This is probably due to the adsorption of the analyte 
or corresponding reaction products on the GC electrode, which is a common restriction 
associated with organic substances as reported by many re~earchers .~~ Consequently, 
amperometric responses of bare GC electrodes result in low and unpredictable signal- 
to-noise ratios, which do not lead to precise results. 
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Figure 1: Cyclic voltammograms of ~ . O X ~ O - ~  mol dm5 solutions of (a) 
Paracetamol (b) Ascorbic acid (c) ~atechol in 0.1 mol dm3 NaCl supporting 
electrolyte at a scan rate of 50 mV s-I under N, saturated. 0 Bare GC 
response 0 HDMS modified GC response. 

. . 

Figure 2 : Amperometric responses at bare GC electrode under N, 
saturated (a) Paracetamol at +0.55 V (b) Ascorbic acid at +0.30 V (c) Catechol 
at +0.50 V. Supporting electrolyte 0.1 mol dm3 NaCl. 
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Incorporation of an electrochemically inert coating on GC electrodes would 
prevent direct adsorption of the analyte or its reaction products on the electrode 
surface, because such coatings behave as a new phase which acts as a barrier for 
direct adsorption. Such inert coatings should be sufficiently polar or conductive 
enough to allow charge transfer reactions of the analyte species at the electrode 
surface. They should also have nonpolar properties to keep the coating stable in the 
aqueous medium without appreciable dissolution. Hexadecylemethanesulfonate 
(HDMS) is a good compromise in this regard as it posFesses both polar (sulfonate) 
and nonpolar (long hydrocarbon chain) properties. 

The use of HDMS coatings decreases the background current of GC electrodes, 
which indicates that the structure of the electrode surface is less sensitive to the 
changes in the applied potential. This results in a smaller nonfaradaic current, 
which favours the increase in signal-to-noise ratios in amperometric detection. 
Similar substances have already been used in an  attempt to decrease high 
background currents of electrodes modified by conducting polymers.21 

As the HDMS layer acts as a new phase, the mode of mass transfer of the 
analyte species towards the electrode surface may be altered. The concentration 
gradient of the analyte through the HDMS layer would be less than that through 
the electrolyte medium resulting in a lower diffusion coefficient. Apercent decrease 
of 18% is calculated by scan rate dependence experiments at  a constant bulk 

23 
concentration assuming that the mechanism of the charge transfer reaction of 
Paracetamol and the effective surface area of the electrode are unchanged during 
surface modification. The slope of log ip vs. log Ov plot for Paracetamol at the modified 
electrode is not changed significantly as compared to the slope at the bare electrode 
supporting this assumption (Figure 3). The small shift of the voltammetric peak 
for Paracetamol at the modified electrode towards the positive potential direction 
as compared to that at the bare electrode confirms restricted diffusion through the 
HDMS phase. 

Amperometric responses at the modified electrode, for the same concentration 
range investigated with the bare electrode, were much less noisy which would 
improve the precision for the detection of Paracetamol (Figure 4a). The amperometric 
detection procedure for Paracetamol at the HDMS-modified electrode should however 
be optimised with respect to the coating thickness and the applied potential, as the 
quality of an amperogram is dependent on these parameters. The optimum potential 
of operation among the potentials attempted in the vicinity of the cyclic voltammetric 
peak of Paracetamol is determined to be +0.55 V at the modified electrode. The 
sensitivity and the shape of amperometric calibration curves obtained at +0.55 V 
with HDMS coatings of different thicknesses (Figure 5) indicate that the optimum 
thickness is obtained with two drops. The minimum detection limit for this analysis 
is estimated to be 2.4~10.~ mol dm-3 based on the signal-to-noise ratio of 3. This level 
of detection is adequate in drug analysis as the level of the active ingredient in 
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Paracetamol preparations is probably above the minimum level of detection of the 
proposed amperometric method. 
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Figure 3 : A plot of log (i$pA) vs. log ( v l m ~  sl) for 1 . 0 ~ 1 0 - ~  mol dmd 
Paracetamol solution in 0.1 mol dms NaCl at (A) bare ( + ) HDMS modified 
GC electrode. 
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Figure 4 : Amperometric responses at the HDMS modified electrode under 
N, saturated (a) Paracetamol at +0.55 V (b) Ascorbic acid at +0.40 V 
(c) Catechol at +0.55 V. Supporting electrolyte 0.1 mol dms NaCl. 
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Figure 5: Effect of thickness of HDMS layers on sensitivity of 
amperometric detection of Paracetamol. Coatings were prepared with 
(a) one drop (b) two drops (c) three drops (d) four drops (e) five drops. 

Analysis of Paracetamol tablets available at drug stores under different trade 
names (Panadol, Setamol, Fepanil, Calpol, etc.) using- the proposed amperdmetric 
.detection procedure resulted in the values shown in Table 1. These results are in a 
good a eement with the reported value of 84% active ingredient at 90% confidence 
level. 

2F 

Table 1: Amount of the active ingredient, Paracetamol, with the 
corresponding standard deviation (for five trials), present in different 
brands of drugs available in the local market. 

Brand Percent Paracetamol 

Panadol 86 -1 05 

Setamol . 7 8 + 0 7  

Panadol caplet . -86200 

Paracetamol B.P. 

'Fepanil 
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Ascorbic acid analysis 

Ascorbic acid is oxidized at the potential of +0.45 V a t  the bare GC electrode (Figure 
Ib). Cyclic voltammetric detection would not be practicable for the detection of this 
analyte due to less sensitivity. Further, amperometric detection of the analyte is 
difficult a t  bare electrodes due to high noise. Although the magnitude of cyclic 
volltammetric response of ascorbic acid a t  the HDMS-modified electrode was less 
than that at  the bare electrode (Figure :Lb) due to the reasons explained in the 
previous section, amperograms were less noisy, suggesting more precise detection 
at the modified electrode. Figure 4b shows the amperometric response of ascorbic 
acid under optimised conditions of +0.40 V operational potential and a two-drop 
coating. 

Catechd analysis 

Catechol shows many electrochemical features a t  bare GC electrode in the potential 
range of + 1.0 V and -0.2 V. Nevertheless, unpredictable reactivity has been a common 

17 
problem in catechol detection a t  bare electrodes. The major oxidation peak is 
centered a t  +0.6 V while two reduction peaks appear a t  +0.3 V and +O.OO V, 
respectively (Figure lc). Similar cyclic voltammetric behaviour is seen a t  the HDMS 
modified glassy carbon electrodes with decreased intensity of all pealrs (Figure lc). 
Concentration dependence of catechol at  the HDMS modified GC electrode indicates 
the possibility of such modified electrodes as a sensor for catechol. Electrochemical 
detection of catechol a t  other types of modified electrodes to avoid complications 
associated with bare surfaces has already been reported.25 

Amperometric responses a t  the modified electrode at an optimum potential of 
+0.55 V were less noisy (Figure 4c) and reproducible as observed for the other two 
analytes. Such procedures can easily be adopted for the detection of catechol in 
clinical samples. 

Hexadecylmethanesulfonate (HDMS)-modified glassy carbon electrodes 
improve the amperometric responses of ascorbic acid, catechol and Paracetamol, 
which are noisy at bare electrodes. Such modified electrodes show a fair stability 
and enhanced reproducibility despite restricted diffusion. The lower detection limit 
of the modified electrode for detection of ascorbic acid is I . ~ x I O - ~  mol dm3, while 
that for catechol and Paracetamol is 2.4x104 mol dm-3. The experimental results are 
in good agreement with the reported values for Paracetamol analysis. HDMS 
modified glassy carbon electrodes would thus provide an  alternative method for 
detection of such substances in pharmaceutical preparations. 



Analytical applications of modified glassy carbon electrodes 51 

References 

1 Krska J. ,Addison G.M. & Soni S.D. (1986). Determination of chlorpromazine 
in serum by radioreceptor assay and HPLC. Annals of Clinical Biochemistry 
23: 340-345. 

2 Ninci R., Giovannini M.G., Corte L.D. & Sgaragli G. (1986). Isothermal gas 
chromatographic determination of nanogram amounts of chlorimipramine, 
chlorpromazine and their N-desmethyl metabolites in plasma using nitrogen- 
selective detection. Journal of Chromatography 381: 315-322. 

3 Smyth W.F. (1982). Electroanalysis of seleded organic and organometallic 
molecules and their metabolites in clinical and environmental chemistry. 
Analytical Proceedings 82-86. 

4 Fernandez-Abedul M.T., Velazquez-Rodriguez M.S. & Costa-Garcia A. (1997). 
Voltammetric determination of naltrexone in  pharmaceuticals. Analytical 
Letters 30: 1491-1502. 

5 Wallingford R.A. & Ewing A.G. (1988). Amperometric detection of catechols 
in capillary zone electrophoresis with normal and micellar solutions. Analytical 
Chemistry 60: 258-263. 

6 Alexander P.W. & Rechnitz G.A. (2000). Enzyme inhibition assays with an 
amperometric glucose biosensor based on a thiolate self-assembled monolayer. 
Electroanalysis 12: 343-350. 

7 Ciesielski W. & Krenc A. (2000). Potentiometric and coulometric determination 
of carbimazole. Analytical Letters 33:1545-1554. 

8 Cooper J.K., McKay G. & Midha K.K. (1983). Subnanogram quantitation of 
chlorpromazine in plasma by high-performance liquid chromatography with 
electrochemical detection. Journal of Chromatography 72: 1259-1262. 

9 Shibanoki S., GotohY & Ishikawa K. (1984). Determination of chlorpromazine 
in the blood and brain of mice high performance liquid chromatography 
combined with electrochemical detection. Japanese Journal of Pharmacology 
35: 169-174. 

10 Svendsen C.N. & Bird E.D. (1986). HPLC with electrochemical detection to 
measure chlorpromazine, thioridazine and metabolites in the human brain. 
Psychopharmacology 90: 316-321. 



Namal Priyantha et al. 

Falat L. & Cheng H.-Y. (1982). Voltammetric differentiation of ascorbic acid 
and dopamine a t  an electrochemically treated graphitelepoxy electrode. 
Analytical Chemistry 54: 2108-2111. 

Wallace G.G. & Lin Y.P. (1988). Preparation and application of conducting 
polymers containing chemically active counterions for analytical purposes. 
Journal of Electroanalytical Chemistry 247: 145-156. 

Widelov A. (1993). Pyrolysis of iron and cobalt porphyrins sublimated onto 
the surface of carbon black as a method to prepare catalysis for 0, reduction. 
Electrochimica Acta 38: 2493-2502. 

Bedioui F. , Trevin S., Albin V., Villegas M.G.G. & Devynck J. (1997). Design 
and characterisation of chemically modified electrodes with iron (111) 
porphyrinic-based polymers: study of their reactivity toward nitrites and nitric 
oxide in aqueous solution. Analytica Chimica Acta 341: 177-185. 

Che G. & Dong S. (1993). Application of an dtramicroelectrode in homogeneous 
catalytic reactions - Part TV. Electrocatalytic reduction of organohalides by 
metalloporphyrin a t  ultramicroelectorde. Electrochimica Acta 38: 1345-1349. 

Limson J. & Nyokong T. (1997). Voltammetric behaviour of cysteine and 
metallothionein on cobalt (11) tetrasulfonated phthalocyanine modified glassy 
carbon electrodes. Electroanalysis 9: 255-259. 

Heiduschka P. & Dittrich J. (1992). Determination of several catechols on 
bare and polymer coated glassy carbon electrode. Electroanalysis 4: 223-231. 

Bo Z. & Lu X. (1990). Poly(viny1 chloride) membrane electrode for the 
determination of verapamil Analytica Chimica Acta 235: 461-464. 

Marques M.R.C. & Neto G. de. 0. (1997). Poly(viny1 chloride) membrane 
electrodes for the determination of the antibiotic tiamulin. Analytical Sciences 
13: 457-461. 

Zen J.M., Kumar A.S. & Chang M.R. (2000). Electrocatalytic oxidation and 
trace detection of amitrole using a nafiodead ruthenium oxide pyrochlore 
chemically modified electrode. Electrochimica Acta 45: 1691-1700. 

Gao Z., Chen B. & Zi M. (1994). Electrochemistry of ascorbic acid at  polypyrrold 
dodecyl sulphate film-coated electrodes and its application. Journal o f  
Electroanalytical Chemistry 365: 1972205. 



Analytical applications of modified glassy carbon electrodes 53 

22 Johnson C. & Polta T.Z. (1986) ~ m ~ e r o m e t r i c  detection in liquid 
chromatography with pulsed cleaning and reaction of noble metal electrodes. 
Chromatography Forum 37-43. 

23 Bard A. J. & Faulbner L.R. (1980). Electrochemical Methods. Wiley, New York. 

24 Uchiyama S., Tamata M., Tofuku Y. & Suzuki S. (1988). A catechol electrode 
based on spinach leaves. Analytica Chimica Acta 208: 287-290. 


	JNSF30_182_43.pdf
	JNSF30_182_43 (2).pdf
	JNSF30_182_43 (3).pdf
	JNSF30_182_43 (4).pdf
	JNSF30_182_43 (5).pdf
	JNSF30_182_43 (6).pdf
	JNSF30_182_43 (7).pdf
	JNSF30_182_43 (8).pdf
	JNSF30_182_43 (9).pdf
	JNSF30_182_43 (10).pdf
	JNSF30_182_43 (11).pdf

