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Abstract: A new chemically modified electrode is constructed based on carbon ceramic electrode incorporated with zeolite ZSM-5. Voltammetric 
behavior of piroxicam at the carbon ceramic zeolite modified electrode (CCZME) was investigated. The modified electrode exhibited 
catalytic activity toward the electrooxidation of piroxicam. Experimental parameters such as solution pH, scan rate, concentration of 
piroxicam and zeolite amount were studied. It has been shown that using the CCZME, piroxicam can be determined by differential 
pulse voltammetry (DPV) and hydrodynamic amperometry (HA). Under the optimized conditions the calibration plots are linear in the 
concentration ranges of 0.20-25.00 and 0.20-50.10 μM with limit of detections of 0.65 and 0.29 μM for DPV and HA, respectively. 
The modified electrode with DPV and HA methods was successfully applied for analysis of piroxicam in pharmaceutical formulations. 
The results were favorably compared to those obtained by the spiked method. The results of the analysis suggest that the proposed 
method has promise for the routine determination of piroxicam in the products examined.
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1. Introduction 

Zeolite modified electrodes (ZMEs) became popular 
in the mid-1980s and received great interest from the 
electrochemists during the last decade [1]. They are part 
and parcel of chemically modified electrodes (CMEs) for 
which the modifying agent is an inorganic material. The 
novel properties of ZMEs of analyte preconcentration, 
ion exchange and ion-selectivity based on size, 
shape, and charge selectivity of zeolites have made 
them not only extensively studied, but widely used in 
electroanalysis and electrocatalysis [2-9]. Several 
extensive reviews of preparation methods [10,11], the 
use of ZMEs with various electrochemical probes, the 
influence of supporting electrolyte, the molecular and 
electronic transfers, the solid state chemistry, and other 
numerous applications have been described [12-14]. 
There also has been much progress in understanding 
the importance of ion change and intrazeolite electron 
transfer and transport of ZMEs [12,15,16]. 

 As recently reviewed by Walcarius [12], there has 
been a wide range of different fabrication methods 
to prepare ZMEs with the goals of displaying good 
sensitivity, reproducibility, selectivity and durability. Early 
fabrication of ZMEs generally involved the immobilization 
of zeolite particles in a polymeric (e.g. polystyrene) 
binder [11,13]. Currently, one of the most robust ZMEs is 
a zeolite-containing carbon composite of a cross-linked 
copolymer of styrene and divinylbenzene developed by 
Shaw and Creasy [17]. There has been a discussion in 
the literature concerning the different electrochemical 
behavior attributed to the different morphologies of the 
zeolite layers [18,19] and experimental protocol [20,21] 
for making ZMEs. The main problem of ZMEs, particularly 
for electroanalysis, is the lack of reproducibility [12], due 
to the hetereogeneous nature of most ZMEs and the 
difficulty of surface renewal. The importance of preparing 
electrodes with a large direct contact area between the 
zeolite and the electrode for fundamental studies has 
been emphasized [21]. 
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In this work, a novel fabrication method for zeolite-
modified electrodes (ZMEs) based on dispersing zeolite 
particles in sol-gel is reported. This method offers a 
fast, reproducible way to produce ZMEs with maximum 
contact to the electrode surface and minimal binder 
material. The proposed modified electrode was tested 
by DPV, HA and CV techniques and was directed 
towards electroanalytical applications for determination 
of Piroxicam. 

2. Experimental procedure  
2.1. Apparatus
The Autolab electrochemical (PGSTAT20, Eco Chemie, 
the Netherlands) connected to a PC for control and 
data storage was used for cyclic voltammetry and 
differential pulse voltammetry experiments. In the all 
cases the peak currents were measured from baseline 
to maximum currents.  A three electrode cell with a 
saturated calomel electrode as reference electrode, 
a platinum wire as counter electrode (Obtained from 
Azar electrode Co. Iran) and Zeolite ZSM-5 modified 
carbon ceramic electrode (CCE) as a working electrode 
were employed for the electrochemical studies. All 
electrochemical experiments were carried out at room 
temperature (25°C) without removing the dissolved 
oxygen.

2.2. Reagents
Methyltrimethoxy Silane (MTMOS) were purchased 
from Merck and used without any further purification. 
Graphite powder was obtained from Merck. Zeolite ZSM-
5 was purchased from Research Institute of Petroleum 
Industry (Iran). (BET surface area, pore volume and Si/
Al were 313 m2 g-1, 0.16 cm3 g-1 and 12, respectively). 
Other chemicals were obtained from Merck, Fluka 
and used as received. Piroxicam was obtained from 
Razakani Co (Iran).

Since Piroxicam generally has a low solubility 
in water, a stock solution of Piroxicam (0.01M) was 
prepared by dissolving appropriate amount of it in 
analytical pure grade ammonia and then dissolving HCl 
(1mL) and finally diluted with distilled water and stored 
at 5°C in the dark. The dilute solutions were prepared 
daily with stock solutions and aqueous solutions 
(supporting electrolyte was 0.2 M phosphate buffer, 
pH=7). Pharmaceutical formulations of Piroxicam 
(capsules 10 mg and 0.5% Piroxicam gel were obtained 
from Razi Co., Tehran, Iran) were purchased from the 
local market. Doubly distilled deionized water was used 
throughout the work.

The electrochemical properties of the ZMEs were 
tested by reproducing the cyclic voltammetry (CV) 
experiment of Shaw et al. [13] for a zeolite-Y polystyrene 
electrode, using Cu2+ as the probe species. For the 
experiment ZMEs were obtained by the traditional 
method of dropwise coating a bare Pt electrode with 
polystyrene in methylene chloride- zeolite Y suspension, 
which was subsequently dried. The performance of the 
ZME was evaluated by determining the enhancement 
factor, defined as the ratio of the peak cathodic 
current (ip,c) of the modified electrode to that of the 
unmodified electrode in the same solution. With their 
zeolite Y-modified electrode (with a zeolite density 
of approximately 1 mg cm-2), Shaw et al. obtained an 
enhancement factor of 3.2 at a potential of 0.2 V versus 
Ag/AgCl using Cu2+ as the probe ion [13].

Carbon paste electrodes (CPEs) are special kind of 
heterogeneous carbon electrodes consisting of a mixture 
prepared from carbon powder (as graphite, glassy carbon 
and others carbonaceous materials) and a suitable 
water-immiscible and non-conducting binder [22-24]. 
CPEs are widely applicable in both electrochemical 
studies and electroanalysis thanks to their very low 
background current (compared to solid graphite or noble 
metal electrodes), low cost, feasibility to incorporate 
different substances, such as zeolites, during the paste 
preparation (resulting in the so-called modified carbon 
paste electrodes), facility to prepare, easy renewal of 
their surface and easiness of miniaturization.
 Piroxicam [4-hydroxy-2-methyl-n-(2-pyridyl)-2H-1,2-
benzothiazine-3-carboxamide 1,1-dioxide] is a non-
steroidal anti-inflammatory drug (NSAID) that has been 
used to treat various arthropathies and inflammatory 
diseases in humans [25,26]. The drug is quite efficient in 
the treatment of rheumatoid arthritis [27], osteoarthrosis, 
ankylosing spondylitis, acute pain in muscular, skeletal 
disorders and acute gout and has a long half-life [28]. 
Side effects can occur with all medications. The most 
important side effect that has been reported with 
Piroxicam is gastrointestinal. Other side effects such 
as headache, dizziness, skin rashes, palpitations, 
edema, and tinnitus are less important and infrequent 
[29]. Several methods have been proposed involving 
either spectroscopic or chromatographic techniques 
for the determination of Piroxicam in pharmaceuticals 
and biological fluids [30-33]. However, most of those 
methods presented insufficient sensitivity owing to the 
use of large biological fluid volumes or chromatographic 
interferences. So there is a considerable interest in 
developing a simple and sensitive method for Piroxicam 
detection. 
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 2.3. Assay procedure for pharmaceuticals

For the preparation of sample solution, ten capsules 
were weighed and powdered, then a portion of one 
capsule powder equivalent to claimed to contain 10 mg 
of PY were transferred to 50 mL volumetric fl ask and 
dissolved as described earlier. The solution was fi ltered 
and the fi ltrate was made up to 50 mL. For analysis of 
gel samples, 4 g of gel were accurately weighed and 
treated in the same manner as described above for the 
capsules.

 2.4. Fabrication of carbon ceramic and carbon 
paste electrodes

The silica sol was prepared by mixing MTMOS (0.6 mL), 
methanol (0.9 mL) and hydrochloric acid (0.1 mL 0.1 M). 
This mixture was magnetically stirred, then Zeolite ZSM-
5 (0.07 g) was added to graphite powder (0.3 g) and the 
resultant mixture was blended with the homogeneous 
silica solution. Then the sol-gel paste was packed into 
one end of a 3 mm i.d. Tefl on tube to a length of 3 cm, 
subsequently allowed to dry and gel at least 48 h at 
room temperature. The surface of all electrodes was 
renewed by mechanical polishing with polishing paper. 
The electrodes were rinsed thoroughly with water to 
yield shiny surfaces. Copper wire was connected to the 
other end to provided the electric contact. The carbon 
paste electrodes (CPE) were prepared by hand mixing 
of graphite powder, Zeolite ZSM-5 and paraffi n oil. 

 3. Results and Discussion

 3.1. Acid–base behavior of Piroxicam
Several studies related with the acid–base behavior of 
Piroxicam have been reported in the literature [32-37]. 
Being a diprotic amphoteric drug with pKa values differing 
by less than 4 units, the deprotonation–protonation of 
one group affects the other depending on the pH values 
of the media. With two ionizable sites, the acidic (–OH16) 
and the basic (–N 19) groups, the molecule may exist 
in four different structures (see Scheme 1). Usually, the 
two constants reported (pKa1 = 1.88 and pKa2 = 5.29) [39] 
describe the overall activity acid–base of the molecule but 
they cannot be assigned to the individual functional group. 
However, the knowledge of protonation– deprotonation 
constants is required for complete characterization of 
the equilibria involved. There are oxidizable functional 
groups (amid and enol) in piroxicam molecular structure. 
Therefore, the presence of oxidizable functional groups 
allows it’s determination on the surface of modifi ed 
electrodes such as ZMCCE.

 3.2. Effect of experimental variables

 3.2.1. Electrochemical behavior of Piroxicam at the 
ZMCCE

The cyclic voltammetric responses of a 1.9×10-5 M 
Piroxicam at a ZMCCE, bare carbon ceramic electrode 
(CCE) and carbon paste electrode modifi ed with zeolite 
(CPZME) in 0.2 M buffer phosphate (pH=7) with scan 
rate of 30 mV s-1 were recorded and compared in Fig. 1. 
On the ZMCCE, CCE and PMZE, an anodic current by 
the oxidation of Piroxicam is observed, while no distinct 
reduction wave was registered in the reverse scan. 
This indicates that the drug was irreversibly oxidized at 
the electrodes. This behavior is in agreement with the 
previous report for Piroxicam oxidation [27,35]. It can 
be seen from Fig. 1, at the CPZME Piroxicam shows 
an irreversible oxidative peak at the 640 mV (Fig. 1a). 
Same peak appears at 470 mV at the CCE and CCZME 

Scheme 1. Piroxicam

Figure 1. Cyclic voltammograms of 1.9×10-5 M Piroxicam at 
a carbon paste electrode modifi ed with zeolite 
(a), bare carbon ceramic electrode (b) and zeolite 
modifi ed carbon ceramic electrode (c), in 0.2 M buffer 
phosphate (pH=7) with scan rate of 30 mV s-1. The 
voltammogram of (d) is a background.
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(Figs. 1b and 1c, respectively). The voltammogram of d 
in Fig. 1 is the background for CCZME. Comparing data 
at the CCE and CPZME, an increase in peak current 
and a decrease in the overpotential of Piroxicam are 
obtained at the CCZME modifi ed electrode. These 
values indicate electrocatalytic oxidation of Piroxicam 
at the CCE modifi ed with zeolite.

 3.2.2. Infl uence of supporting electrolyte
The effect of various supporting electrolytes on the 
voltammetric behavior of the CCZME was studied by 
cyclic voltammetry. The experiments showed the best 
electrocatalytic behavior obtained with KCl. The oxidation 
peak potential is shifted more negatively in the presence 
of this supporting electrolyte. Therefore, the infl uence 
of various concentrations of supporting electrolyte KCl, 
from 0.01 to 0.4 M, on catalytic ability of CCE modifi ed 
with zeolite were examined. This study showed that, the 
best concentration effect could be obtained in a 0.2 M of 
KCl solution (see Fig. 2). Results show that this solution 
(0.2 M of KCl) is the most suitable concentration for the 

electrochemical oxidation of Piroxicam. It was chosen 
as optimum concentration of supporting electrolyte in 
the investigation of the electrochemical behavior of this 
drug.

  3.2.3. Infl uence of amount of zeolite
The effect of the amount of zeolite (pH 7) on the 
ZMCCE performance toward electrooxidation of 
pyroxicam was examined. Voltammetric responses for 
the ZMCCEs prepared from the zeolite and graphite 
mixtures as well as different ratios were examined by 
CV under identical conditions. The sensitivity of CCE 
was investigated via addition of zeolite in the range 
from 0.01 to 0.1 g. The best sensitivity, i.e., maximum 
peak current for  pyroxicam, was obtained with the 
amount of 0.07 g zeolite (Fig. 3). Hence, a quantity of 
0.07 g was chosen as optimum amount of zeolite.

 3.2.4. Effect of the solution pH
The effect of pH of the medium on the electrochemical 
signal of pyroxicam was investigated. The pH of the 
pyroxicam solutions was changed using buffer solutions 
in the range of 1–10. Cyclic voltammograms of 9.9×10-6 
Piroxicam at different pH in this range were recorded at 
the surface of a CCZME. There was also a shift in the 
peak potential when the pH was changed. As shown in 
Fig. 4, there are two linear ranges, which are described 
by the following equations:

Ep = -0.0329pH +0.6655,           R2=0.9934         (1)
Ep = -0.0081pH +0.5144,           R2=0.9047         (2)

The dependence of the peak potential on pH has slopes 
of 0.033 and 0.008 mV per pH unit, respectively. The 
former slope is close to that expected for a two electrons 

Figure 2. Anodic currents of ZMCCE at pH=7 versus various 
concentration of supporting electrolyte KCl, from 0.01 
to 0.4 M. Concentration of Piroxicam is 9.9×10-6 M.

Figure 3. The effect of the amount of zeolite at pH=7 on the ZMCCE 
performance toward electrooxidation of pyroxicam. 
Concentration of Piroxicam is 1.9×10-5 M.

Figure 4.  Variation of the Ep of Piroxicam (9.9×10-6 M) with pH 
scan rate of 50 mV s-1.
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and one proton reaction, which is 0.030 V per pH unit 
at 25°C.

To obtain more insight information about the 
mechanism of electrooxidation of Piroxicam, an analysis 
of the dependence of Ep versus pH was performed. 
In water the proton transfer from or toward organic 
molecules usually considers to be fast [35], meaning that 
H+ ions are in equilibrium in solution near the electrode. 
This type of situation should prevail in acidic or not 
excessively basic media, especially when the site of 
protonation is an oxygen atom. The dependence of the 
peak potential on the pH suggests an overall electrode 
process determined by a proton transfer. In the pH 
range of 1 to 10, the oxidation peak potential (Ep) is 
shifted to more negative values with increasing pH. This 
is a consequence of the deprotonation in the oxidation 
process that is facilitated at higher pH. The electrode 
shows better oxidation activity in the pH range of 6 to 
7.5. It can be concluded that the catalytic oxidation is 
more favored in this pH range. Since in this pH CCE 
modifi ed with zeolite possesses good electrode activity 
for oxidation of Piroxicam at pH 7, this pH was selected 
for detection.

 3.2.5. Effect of scan rate 
The scan rate is probably the most important 
experimental parameter for evaluating the effects 
due to adsorbed reactant and/or due to reactant 
reaching the electrode via diffusion. Fig. 5 shows cyclic 
voltammograms corresponding to the response of a 
CCE modifi ed with zeolite in the presence of 9.9×10- 6 M 
Piroxicam at different scan rates. Fig. 5 shows that the 
peak currents for the irreversible oxidation of Piroxicam 
increase with increasing the scan rate.  The plots of the 
peak currents (ip) versus scan rate (v) yield straight lines, 
correlation coeffi cient is 0.990, in the range from 10 to 
100 mV s−1 with equation ip=0.235×Scan Rate +1.517. 
Besides, a separate post-waves and/or pre-waves do 
not appear. These results imply that the irreversible 
oxidation of Piroxicam is a reaction controlled by the 
weak adsorption of Piroxicam at the electrode surface. 
Considering the structure and porosity of zeolite and 
carbon ceramic, it is reasonable to expect adsorption 
on it. In addition, with increasing scan rate, oxidation 
peak potential (Ep) shifts to more positive values, this 
positive shift in the peak potential also confi rms the 
irreversibility of the process.

For determination of the transfer coeffi cient (α) and 
the number of electrons involved in the rate-determining 
(nα) step the Tafel plot was drawn using the data from 
the rising part of the current voltage curve at a scan rate 
of 20 mV s−1. The Tafel slope having the value of 2.3RT/

(1−α) nF for an oxidation reaction [41], a slope of 117.4 mV 
decade−1 was obtained based on this slope, the value 
of n(1−α) is calculated to be 0.5025 and by considering 
that α equal to 0.5, the results indeed suggest one-
electron transfer process in the rate-determining step 
for the electrocatalytic oxidation of Piroxicam.

The Tafel slope could be calculated by another 
method, i.e., it can be determined from the following 
equation [41]:

   Ep=(b/2)Log(v)+k                 (3)

where b is the Tafel slope and k is a constant value. Fig. 7 
shows the plot of Ep versus Log(v). The slope of Tafel 
plot is 66.68 mV, therefore, the slope becomes 133.37 mV 
decade−1. This result is close to that obtained from the 
rising part of voltammogram recorded at the 20 mV s−1. 
If α was assumed equal to 0.55, nα was 1. 

In order to obtain more insight regarding the 
apparent number of electron exchanges in the global 
process of electrooxidation of Piroxicam, a controlled-
potential electrolysis has been carried out and it was 
estimated that the total number of electrons involved in 
the anodic oxidation of Piroxicam is 2 [35].

 3.2.6. Hydrodynamic amperometry, cyclic and 
differential pulse voltammetery detection of 
Piroxicam at ZMCCE 

Fig. 6 shows amperograms, which were recorded from 
stirred solutions under conditions where the ZMCCE 
potential, was kept at 650 mV versus SCE during the 
successive addition of Piroxicam. Fig. 6 clearly shows 
that the measured current increases with increasing of 
the Piroxicam concentration in solution. An increase 
in concentration of Piroxicam was accompanied by an 
increase in anodic currents obtained for a potential step 
of 650 mV. In addition, the level of currents increases 

Figure 5. (A) Cyclic voltammorams of ZMCCE in phosphate buffer 
(pH 7) containing 9.9×10-6  M Piroxicam at scan rates 
10-100 mV s-1 (a-j). 



Carbon ceramic electrode
 incorporated with zeolite ZSM-5

 for determination of Piroxicam

160

with increasing of Piroxicam concentration. The inset 
(B) of Fig. 6 clearly shows that the plot of peak current 
versus Piroxicam concentration in the range of 0.20-
50.10 µM that is linear. It was is described with equation: 
I(µA)=1.73C(µM)+0.87. Detection limit was obtained 
according to equation µB + 3sy/x, where µB is average of 
the blank and sy/x is standard deviation of residuals of 
regression line. The detection limit calculated from the 
calibration graph was found to be 0.29 µM Piroxicam 
[42]. 

Under the optimum conditions (of the electrode 
preparation, scan rate 100 mV s-1 potential range 
0.2-0.8 V) , peak currents of cyclic voltammograms 
linearly depended on Piroxicam concentrations. A 
plot of the peak current values as a function of the 
concentration was drawn. The plot was linear in the 
Piroxicam concentration range of 5.99 to 50.74 µM 
(fi gure not shown). For the regression plot of the peak 
current versus Piroxicam concentration, the slope 
was 0.490 µA µM-1, the y-intercept was 1.69 µA and 
the correlation coeffi cient R2 was 0.9965. The detection 
limit calculated from the calibration graph was found to 
be 3.20 µM Piroxicam.

The calibration curve for Piroxicam was also 
characterized by differential pulse voltammetry. The 
differential pulse voltammograms obtained for a series 
of Piroxicam solutions with various concentrations are 
illustrated in Fig. 7. Differential pulse voltammetric 
experiments were performed using, the pulse amplitude 
of 0.05 V, pulse duration time of 0.04 s, step time of 
0.4 s at a scan rate of 50 mV s−1. The increasing of 
peak current was proportional to the concentration 
of Piroxicam. Under optimum conditions, the linear 
working range was 0.20 to 25.00 µM. The linear 
regression equation was ip(µA)=0.75C(µM)+1.51 with 
detection limit of 0.65 µM.

 3.2.7 Application
Applicability of the ZMCCE was examined for the 
determination of Piroxicam in the pharmaceutical 
preparations, such as capsule and gel, by using differential 
pulse voltammetry, hydrodynamic amperometry 
techniques and standard addition method.

Stock solutions of pharmaceutical compound 
obtained as mentioned in procedure section and were 
subsequently diluted so that Piroxicam concentration 
falls into the range of calibration plot. Differential pulse 
voltammograms and hydrodynamic amperograms 
were then recorded under exactly identical conditions 
that were employed for plotting standard addition plot. 
The values of experimentally determined Piroxicam 
and reported in various dosage forms are tabulated 
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Figure 6. Amperometric response of  ZMCCE kept in 650 mV in 
phosphate buffer solution pH 7 containing different 
concentrations of Piroxicam from 0.20 to 50.10 μM (a-
i). Insets: (A) the same amperograms in the time range 
of 0-200 s; (B) calibration plot for concentrations of 
Piroxicam.

Figure 7.  Differential pulse voltammograms of ZMCCE in phosphate 
buffer solution pH 7 containing different concentrations of 
Piroxicam from 0.20 to 25.00 μM. Inset: dependence of 
the increasing value of peak current on concentration of 
Piroxicam added in the solution.



K. Asadpour-Zeynali, M. R. Majidi, M. Zarifi

161161

                                 Technique

Real sample 
DPVa Hydrodynamic Amperometrya

Capsule

Added (mg) 10.00 10.00

Found (mg) 10.25 10.10

Recovery% 102.5% 101.0%

Table 2.  Obtained recoveries by applying proposed method for determination of Piroxicam

a mean of the four repetitions

in Table 1. The results obtained from the proposed 
procedures were compared with labeled amounts. 
 The accuracy of the results was checked by spiking the 
samples with known concentrations of the analyte.  Results 
obtained from the proposed procedures were compared 
to those of added values. The accuracy via t-value and 
the assessment of precision via F-test were calculated at  
confidence level of 95%. The results indicated no significant 
difference between them (Table 2).

4. Conclusions
The development of a sensitive and robust analysis 
procedure has been described for the determination of 
PX in pharmaceutical preparations. In the present work, 
we introduced a new electrode based on carbon ceramic 
one modified with zeolite. The zeolite modified electrode 
can increase anodic peak currents of Piroxicam on the 

                   Technique

Real sample 
DPVa RSD%

Hydrodynamic 
Amperometrya

RSD% Labeled  value

Capsule 10.60 mg 2.0 10.08 mg 1.5 10 mg

Gel 0.53% 1.84 0.51% 1.7 0.5%

Table 1. Results obtained by applying proposed method for determination of Piroxicam in different 
pharmaceutical forms

a mean of the three repetitions

electrode surface. The electrode showed high stability 
in repetitive experiments due to the high affinity of 
zeolite and the low solubility of the zeolite in water. 
The proposed electrode was used in determination of 
Piroxicam in gel and capsules with satisfactory recovery 
and without the necessity of sample pretreatment or 
any time-consuming extraction or evaporation steps 
prior to the analysis. The simple fabrication procedure, 
reproducibility, high stability, wide linear dynamic 
range, low detection limit, high sensitivity and a distinct 
advantage of polishing in the event of surface fouling, 
suggest that this electrode is an attractive candidate as 
a sensor for practical applications.
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