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ABSTRACT

In this study a new, simple, precise, accurate and economic electrochemical method was developed and validated for the

voltammetric determination of zolpidem (ZP) using disposable pencil graphite (PG) electrode. The anodic oxidation of ZP

on the surface of the PG electrode was examined in a britton robinson (BR) buffer. Square wave and cyclic voltammetry

were used as electrochemical techniques in the potential range of 0-1.2 V in the pH 8 BR buffer. In cyclic voltammetry

studies, the diffusion coefficient of ZP oxidation was found to be 3.6×10-6 cm2 s-1. On the other hand, the ZP has shown

a well-defined irreversible anodic peak at 0.98 V in the square wave voltammetry mode. The PG electrode, primarily being

graphite which has a large active surface area gives rise to increasing peak current with respect to ZP electrooxidation. PG

electrode showed an electrocatalytic effect in anodic oxidation of ZP. A linear relationship between catalytic current

response and ZP concentration was obtained over a concentration range of 10-30 µM with R.S.D. values ranging from 0.29

-3.89. Limits of detection and quantitation were found to be 1 and 3 µM, respectively. Finally, the PG electrode was suc-

cessfully used to determine ZP in standard and tablet dosage forms with a mean recovery of 100.69 %.
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1. Introduction

Zolpidem (ZP, N,N,6-trimethyl-2-(4-methylphe-

nyl)imidazo[1,2-a]pyridine-3-acetamide), (Fig. 1) [1]

is an imidazopyridine derivative, non-benzodiazepine

and sedative-hypnotic medicine. It produces an ago-

nistic effect on GABAA receptors. ZP is a widely pre-

scribed medication in adults for the short-term

treatment of a sleep problem called insomnia and fre-

quent awakenings. It is an effective hypnotic with only

weak anticonvulsant and myorelaxant properties [2-4].

Several analytical methods have been reported in

the literatures for the determination of the ZP in phar-

maceutical dosage forms. These methods are mainly

based on gas chromatography (GC) [5], spectropho-

tometry [6-8], potentiometry [9], radioimmunoassay

[10], high-performance liquid chromatography

(HPLC) [11-14]. Although all these methods display

good precision and accuracy, most of them are

tedious, time-consuming and have required several

preparatory steps prior to testing and skilled practitio-

ner. For instance, radioimmunoassay method is not
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used nowadays for routine analysis of drugs in dos-

age forms as it is very expensive. On the other hand,

derivative procedure for GC is difficult to achieve.

Electrochemical methods are advantageous in that

they are low in cost, rapid, highly sensitive and pro-

vide good reproducibility [15-22]. Therefore, the

development of an analytical method that is applica-

ble for routine quality control of the active pharma-

ceutical ingredients is beneficial.

At the best of our knowledge, only one report has

described an electrochemical method for determin-

ing ZP concentrations using a glassy carbon elec-

trode [23]. Although disposable pencil graphite

(PG) electrode is relatively new type of carbon elec-

trode, it has been successfully applied to the

cathodic and anodic voltammetry by virtue of its

high electrochemical reactivity, commercial avail-

ability, good mechanical rigidity, low cost, low

technology and ease of modification [24-26]. The

“low tech” PG electrode when compared with other

forms of carbon electrodes, is extremely inexpen-

sive and provides an attractive alternative to “high

tech” carbon electrodes [27]. Due to those useful

and important characteristics, scientists have

focused on the use of PG electrode for phenolic

compounds analysis [28,29]. The aims of this study

were, first, to demonstrate the usefulness of a PG

electrode on the electrochemical behavior of ZP,

and second, to develop a new analytical method for

the analysis of ZP in pharmaceutical dosage forms.

The method was further validated according to the

ICH (International Conference on Harmonization)

guidelines [30] for the parameters including preci-

sion, accuracy, limits of detection and quantitation,

linearity and range. Finally, the analytical applica-

tion of the PG electrode was demonstrated by analy-

sis of ZP in tablets. 

2. Experiment

2.1. Materials

Sodium hydroxide, acetic acid, boric acid and

ortho phosphoric acid used in this work were Merck

(Darmstadt, Germany) products of analytical grade

and were used without further purification. ZP tar-

trate was kindly supplied by Farmak (Olomouc,

Czech Republic). Authentic samples (tablet) were

obtained from Hexal AG (Holzkirchen, Germany).

Each one was labeled to contain 10 mg ZP tartrate.

Doubly distilled water was used throughout.

2.2. Apparatus

Electrochemical studies were carried out using a

three electrode system consisting of PG (Owner, HB,

0.7 mm diameter, Korea) working, Ag/AgCl/3 M

KCl (Metrohm, Switzerland) reference, and Pt rod

counter electrodes using a PC controlled µ-AUTO-

LAB TYP III potansiostat/galvanostat with NOVA

1.11 electrochemistry software (ECO-Chemie, Utre-

cht, The Netherlands). The measurements with the

PG electrode was carried out in homemade 20-mL

glass one-compartment voltammetric cell at a labora-

tory temperature (25 ± 2 oC). PG electrode held by

crocodile clip and an electrical contact achieved by a

copper wire. Unless otherwise indicated, 10 mm of

the PG was immersed in the center of the cell for the

electrochemical measurements. A graphite (G) elec-

trode was used for comparison and before each mea-

surement, polished on a damp smooth polishing cloth

(BAS PK-4 Polishing Kit, West Lafayette, USA) then

rinsed all over with doubly distilled water. The G

electrode was then dried at room temperature.

2.3. Procedure

ZP stock solution (100 µM) was prepared by direct

dissolution in doubly distilled water. Standard solu-

tions of ZP were daily prepared by transfer appropri-

ate amount of ZP stock solution into 20 mL A-grade

volumetric flasks using A-grade bulb pipettes, and

the solutions were made up to volume by britton-rob-

inson (BR) buffer (pH 8.0, supporting electrolyte) for

obtaining solutions with final concentrations of 10-

30 µM. All solutions were purged for 5 minutes with

nitrogen gas prior to use.

BR buffer was prepared according to the literature

[31]. Briefly, a BR buffer containing 0.04 M of each

of acetic, ortho phosphoric and boric acids and it was

Fig. 1. The chemical structure of ZP.
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adjusted to the required pH with 0.2 M sodium

hydroxide solution.

For pharmaceutical analysis, twenty ZP 10 mg tab-

lets were weighed and triturated to the fine powder. A

quantity of powder with equivalent weight of one

tablet was transferred in a 20 mL volumetric flask

and half filled with doubly distilled water. After the

solution was sonicated for 20 min, again diluted by

doubly distilled water and adjusted to the volume.

Then, the solution was filtered and finally it diluted

with pH 8.0 BR buffer to reach the target concentra-

tion and transferred to the electrochemical cell for

measurement.

3. Results and Discussion

3.1. Electrochemical behavior of ZP

Square wave voltammograms of electrochemical

behavior of 25 µM ZP on the G and PG electrodes

are shown in Fig. 2. As can be seen, the PG electrode

showed the less background current (Fig. 2a) rather

than the G electrode (Fig. 2b). A sharp irreversible

anodic peak (Fig. 2c) with a catalytic current

response of 68.64 µA.cm-2 at 0.98 V due to ZP oxida-

tion was observed on PG electrode. However, for the

G electrode, a weak and broad peak (Fig. 2d) with a

catalytic current response of 9.73 µA.cm -2 was

obtained. A useful electrode geometry for analytical

purposes is a cylinder rather than a disk, partly

because the use of a longer cylinder electrode

enhances sensitivity as surface poisoning do not

occur [32]. In comparison with the lone research that

worked on the electrochemical behavior of ZP, the

PG electrode in the presence of ZP has almost similar

potential peak with glassy carbon electrode [23]. Fur-

ther, its sensitivity is approximately 50 times higher

than that of the glassy carbon electrode [23].

3.2. Influence of pH on voltammetric response of

ZP on the PG electrode

pH is one of the most important experimental

parameters as it affects greatly the stability and

potential of the peak. Fig. 3 illustrates the relation-

ship between pH and peak currents of square wave

voltammograms of 100 µM ZP on the PG electrode

at pH ranging from 3.0 to 11.0 using the BR buffer

solution. The electrochemical behavior of ZP showed

a strong dependence on pH. Changes in the pH of a

BR buffer solution during ZP measurement caused

changes in the current response (Fig. 4a). The peak

intensity decreased considerably at pH values lower

than 7.0 and the peak was not well extracted from the

background discharge in acidic media (at pH ≤ 5).

Moreover, this peak was flattened at pH above 8.0.

Therefore the BR buffer with pH 8.0 was used as the

supporting electrolyte in all voltammetric measure-

ments.

Additionally, with the pH increasing, the oxidation

peak shifted toward negative, and the linear equation

was Ep (V) = 1.158 - 0.058 pH (R2 = 0.9976) (Fig.

Fig. 2. Square wave voltammograms of PG and G electrode

in pH 8.0 BR buffer solution in absence (a, b) and presence

(c, d) of 25 µM ZP, respectively.

Fig. 3. Square wave voltammograms of the PG electrode in

the presence of 100 µM ZP in different pH values over the

range of 3-11of BR buffer solution.
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4b). According to the slope 0.058 V/pH for ZP, and

expression ∆Ep/∆pH = 0.059/n, it can be deduced

that same number of electrons and protons were

involved in the electrochemical oxidation of ZP. The

following irreversible mechanism involving two pro-

tons and two electrons is suggested for the electroox-

idation of ZP (Fig. 5). According to the mechanism,

in the absence of hydrogen at the á position to nitro-

gen, the course of anodic oxidation takes this type of

bond cleavage and acetamido derivative product,

obtained [34,35]. It is likely that the amide substi-

tuted derivatives form hydrogen bonding with

nucleophilic attack by water and as a consequence,

while oxidized at the PG electrode, bring water mole-

cules to the vicinity of the PG electrode surface [36].

3.3. Effect of potential sweep rate

The effect of potential sweep rate on the peak cur-

rent and the peak potential of ZP was evaluated. The

cyclic voltammograms for a 20 µM ZP in pH 8.0 BR

buffer solution generated using the PG electrode at

different potential sweep rates (2-1000 mV s–1) are

depicted in Fig. 6. The positive shifts in the peak

potential together with the absence of cathodic wave

confirmed the irreversibility of the oxidation process

[37]. The plot of peak current vs. square root of the

potential sweep rate is presented in Fig. 7a. A linear

variation of peak current with the square root of the

potential sweep rate, as can be seen from the regres-

sion line through the data points, is an indication that

the system follows the Randles-Sevcik equation [37].

Fig. 4. Effect of pH on the peak current (a) and potential (b) of ZP in the different pH values (The data obtained from Fig. 3).

Fig. 5. A proposed reaction mechanism for the electrooxidation of the ZP.
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The inability of the regression line to pass through

the origin in Fig. 7a, indicates that the electrochemi-

cal reaction is irreversible. The non-zero intercept

clearly indicate that the oxidation peak is due to dif-

fusion-controlled phenomena rather than to adsorp-

tion and can be attributed to the contribution of non-

faradaic currents to the peak current. At increasingly

higher potential sweep rates diffusion becomes less

effective as a means of mass transport to the elec-

trode surface [38]. From the slope of the linear

dependency of the anodic peak current on the square

root of the potential sweep rate and using the Ran-

dles-Sevcik equation for totally irreversible electron-

transfer processes [37]:

(1)

where Ip, n, A, C, α and D are the peak current, num-

ber of exchanged electrons, real surface area of the

PG electrode, the ZP concentration, electron transfer

constant and diffusion coefficient of the electroreac-

tant species, respectively; The diffusion coefficient of

ZP has been obtained as 3.6 × 10-6 cm2 s-1. As shown

in Fig. 7b, the peak potentials against the natural log-

arithm of the potential sweep rates show a linear rela-

tionship. This means that the oxidation processes are

diffusion-controlled in the whole range of the stud-

ied scan rates [37]. A plot of logarithm of peak cur-

rent versus logarithm of potential sweep rate (Fig. 7c)

gave a straight line with a slope of 0.54 (correlation

coefficient 0.998), close to the theoretical value of

0.5, which is expected for an ideal reaction of solu-

tion species [39,40]. So, in this case, the process had

a diffusive component.

3.4. Effect of ZP concentration and Calibration data

The square wave voltammograms of the solutions

with different concentrations of the ZP in pH 8.0 BR

buffer solution are shown in Fig. 8. Three calibration

curves were constructed using the optimized square

wave parameters, including amplitude of 0.02 V, fre-

quency of 25 Hz and the adsorption time of 10 s in

three consecutive days. The oxidation peak currents

were proportional to the ZP concentration in the

range of 10-30 µM (Fig. 8, inset). The slope, inter-

cept and correlation coefficient of the best curve (Fig.

8, inset) were 0.3079 and 0.6947 and R2 = 0.993,

respectively. The limit of detection (LOD) and limit

of quantitation (LOQ) were calculated from the cali-

bration curves as k× SD/a where k = 3 for LOD and

10 for LOQ, SD is the standard deviation of the y-

intercept and a is the slope of the calibration curve

[41,42]. The LOD and LOQ values were obtained to

be 1 and 3 µM for the ZP, respectively.

I
p

2.99 10
5

×( )nα
0.5

ACD
0.5

ν
0.5

=

Fig. 6. Cyclic voltammograms of 20 µM ZP in the pH 8.0

BR buffer solution using the PG electrode recorded at

various potential sweep rates of 2-1000 mV s-1.

Fig. 7. Dependency of (a) the peak current on the square root of the corresponding potential sweep rate, (b) peak potentials

on the natural logarithm of the potential sweep rates, (c) logarithm of peak current against logarithm of potential sweep rate.
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The precision of an analytical method is a calcula-

tion of agreement along with individual test results

when the procedure is applied repeatedly to multiple

sampling of analyte and expressed as a standard devi-

ation or a percent relative standard deviation (%RSD)

[30,42]. The accuracy of an analytical method is the

closeness of test results obtained by the method to the

true value [30]. The precision and accuracy of the

assay were determined from the low (10 µM),

medium (20 µM) and high (30 µM) ZP concentra-

tions. The intra-day precision was assessed by

repeated analysis of each ZP standard solution on one

day (in three replicates). The inter-day precision was

determined by analyzing the same standard solutions

in triplicates during three consecutive days (in nine

replicates). The concentration of each ZP standard

solution was determined using a calibration curve

prepared each day. The intra-day precision expressed

as %RSD obtained in the range of 0.29-3.89. The

inter-day precision expressed as %RSD for each ZP

concentration was in the range of 1.51-3.96. The

results represented excellent precisions for the deter-

mination of ZP by using the PG electrode.

Accuracy of the assay was determined by interpo-

lation of replicate (n = 9) peak areas of three accu-

racy standards (10, 20 and 30 µM) from a calibration

curve prepared as previously described. In each case,

the percent relevant error and accuracy was calcu-

l a t ed .  The  resu l t an t  concen t ra t ions  were

9.57 ± 0.15 µM (mean ± SD), 20.70 ± 0.16 µM and

29.15 ± 0.15 µM with percent relative errors of -4.28,

3.53 and 2.83 %, respectively.

The ruggedness of the method was assessed by the

intra- and inter-day assay results for ZP which was

performed by two analysts. The RSD values of the

intra- and inter-day assays of ZP, performed in the

same laboratory by the two analysts, did not exceed

4.5 %, suggesting the ruggedness of this method.

3.5. Analytical applications

To assess the applicability of the proposed method,

the PG electrode was used to determine the content of

ZP in ‘zolpidem’ tablets (Hexal®) as a real pharma-

ceutical sample by using the square wave voltamme-

try technique (Fig.  9) .  The resul ts  showed

outstanding recovery, 100.69 % with an RSD of

4.37 % (n = 3). Considering the resultant square

wave voltammograms, there was no interference with

the excipients for the ZP tablet.

4. Conclusion

The electrochemical determination of ZP in pH 8.0

BR buffer solution on PG electrode using square

wave voltammetry was studied for the first time. ZP

has shown a well defined irreversible anodic peak at

0.98 V on the PG electrode. The large current

Fig. 8. Square wave voltammograms for the PG electrode in

the pH 8.0 BR buffer solution with different concentrations

(from bottom to top, 0, 3, 5, 10, 15, 20, 25, 30 µM) of ZP.

Inset: the corresponding linear relationship between the

oxidation current and ZP concentration(10-30 µM).

Fig. 9. Resultant Square wave voltammograms (n = 3)

following the analysis of a ZP in Hexal® tablets solution

(16 µM) using the PG electrode in the pH 8.0 BR buffer

solution.
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response of ZP on the PG electrode when compared

to that observed for the G electrode could be attrib-

uted to the high active surface area of PG electrode.

The kinetic parameter of the reaction, diffusion coef-

ficient, was derived through cyclic voltammetry and

is 3.6×10-6 cm2 s-1. In summary, the developed

method is a new, simple, precise, accurate and eco-

nomic electrochemical method which was success-

fully applied for the determination of micromolar

amounts of ZP in standard and pharmaceutical dos-

age forms.
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