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λ1/2 can be given by combining Eq. (3) with Eq. (4) and used as a working curve 
for chronoamperometry. In this way, λ1/2 can be determined from the working 
curve after measuring IC and IL, and then the value of the electrode reaction rate 
constant k can simply be calculated from the slope if c0 (a given concentration of 
SDS) and t are known. Both IC and IL were measured at t = 17 ms where IC/IL >  
> 1.5, and the rate constant k was calculated to be (1.07±0.10)×102 dm3 mol–1 s–1. 

 
Fig. 4. Chronoamperometry plots of CBZ at the [BnMIM]PF6/CPE in the absence (a) 

and the presence (b) of 0.40 mM SDS. 

Electrochemical reaction order. The cyclic voltammetric behavior of the 
oxidation of different concentrations of CBZ at the [BnMIM]PF6/CPE in the 
presence of SDS was examined. In the given concentration range, it was found 
that the logarithm of the peak current, Ipa, depended linearly on the logarithm of 
cCBZ. The linear relationship equation was log Ipa = 22.261 + 0.9519log cCBZ 
with a correlation coefficient (R) of 0.9958. The slope close to 1 implies that the 
electrochemical oxidation of CBZ obeys first-order kinetics with respect to CBZ.55 

Electrochemical determination of CBZ 

Optimization of the operational parameters of differential pulse voltam-
metry. Differential pulse voltammetry (DPV) responses are markedly dependent 
on the parameters of the excitement signals. Therefore, optimization of the pulse 
width and amplitude, and the scan potential increment was performed. The de-
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pendence of the oxidation peak current on the pulse amplitude was examined in 
the range 10–85 mV. Between 10 and 75 mV, the variation of the peak current 
with pulse amplitude was linear one, above 75 mV, the peak current remained 
almost constant. Thus, a pulse amplitude of 75 mV was chosen to improve the 
sensitivity without distortion of the peak. Using a pulse amplitude of 75 mV, the 
pulse width was varied in the range of 0.01 to 0.035 s. It was found that between 
0.01 and 0.02 s, the peak current increased linearly with increasing pulse width, 
above 0.02 s, the variation of the peak current with the pulse width remained 
almost constant. A pulse width of 0.02 s was applied. In addition, using a pulse 
amplitude of 75 mV and a pulse width of 0.02 s, a scanning potential increment 
of 6 mV was found to develop a well-defined peak and a higher current response. 

Differential pulse voltammetry of CBZ. The DPV behavior of 0.10 mM CBZ 
at the [BnMIM]PF6/CPE in the presence of 0.40 mM SDS and 0.10 M aqueous 
PBS solution under the optimal experimental conditions (amplitude of 75 mV, 
pulse width of 0.02 s and scanning potential increment of 6 mV) is shown in Fig. 
5. From the curves in Fig. 5, it can be seen that CBZ itself showed a weak DPV 
response at the CPE in the absence of SDS, but the electrochemical response was 
greatly enhanced using the [BnMIM]PF6/CPE in the presence of SDS. The expe-
rimental result is in quite good agreement with that of CV. 

 
Fig. 5. DPV of 0.10 mM CBZ at the CPE in the absence (a) and the presence (c) of SDS, and 

at the [BnMIM]PF6/CPE in the absence (b) and the presence (d) of 0.40 mM SDS. 
Accumulation time 160 s. 
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The relationship between the anodic peak currents for CBZ and its concen-
tration were investigated at the [BnMIM]PF6/CPE in the presence of SDS. Linear 
calibration curves were obtained over the range 7.0 μM–0.70 mM in 0.10 M PBS 
solution (as shown in Fig. 6) with a linear fitting regression equation of Ipa (μA) 
= 3.337 + 161.11c, where c is in mM, with a correlation coefficient (R) of 
0.9959. The detection limit defined as a signal-to-noise ratio of 3 (S/N = 3) was 
0.98 μM for CBZ under the optimized experimental conditions. 

 
Fig. 6. The relationships between peak current and the CBZ concentration for 

CBZ oxidation at the [BnMIM]PF6/CPE in the presence of SDS. 

Interferences and reproducibility 

The influences of various possible interferents were also studied by anal-
yzing a standard solution of 0.10 mM CBZ in the presence of 0.40 mM SDS. The 
amount of the foreign species tolerated was that which caused a change in the 
responding signal of ±5 %. The interferences of some metal ions and organic 
compounds were examined. The experimental results showed that 1000-fold of 
the inorganic ions K+, Na+, Cl–, NO3– and SO42–, and 100-fold of glucose, sac-
charose, urea and tartaric acid did not affect the CBZ currents response.  

In order to inspect the reproducibility of the electrode, ten sequential deter-
mination were made using the same electrode in the presence of 0.40 mM SDS, 
almost the same results were obtained. A relative standard deviation (RSD) value 
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of about 3.6 % was obtained by measuring the oxidation peak current for CBZ 
electrochemical oxidation with CV. The experimental results showed the good 
reproducibility of the modified electrode. 

Sample determination 

The proposed determination was successfully applied in the determination of 
CBZ in commercial pharmaceutical samples. A 1.0 mM CBZ sample was pre-
pared in ethanol solutions, and 0.10 mM CBZ samples were analyzed using the 
proposed method. An acceptable reproducibility with a relative standard devia-
tion (RSD) of 1.40–2.13 % was obtained for six parallel measurements. The de-
termination was performed by standard addition. In addition, the recoveries based 
on this method were in the range of 101.2–103.7 %. The result indicates that the 
proposed determination could be used as an effective electrochemical determi-
nation of CBZ in commercial tablet samples.  

CONCLUSIONS 

In this work, the electrochemical behavior of CBZ in the presence of SDS at 
a [BnMIM]PF6/CPE was investigated. It was found that the oxidation peak 
current of CBZ remarkably increased at the [BnMIM]PF6/CPE in the presence of 
SDS. The results indicated that the electrochemical responses of CBZ were faci-
litated by SDS and the ionic liquid [BnMIM]PF6. The electrochemical kinetic pa-
rameters were also determined. The proposed method is simple, rapid and inex-
pensive, which was demonstrated by its application in the determination of CBZ 
in commercial samples. 
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Испитивано је електрохемијско понашање и могућност електрохемијског одређивања 
карбамазепина (KBZ) на електроди од угљеничне пасте која је модификована хидрофобном 
јонском течношћу 1-бензил-3-метилимидазол хексафлуорофосфатом ([BnMIM]PF6/CPE), у 
присуству натријум-додецил-сулфата (SDS). Добро дефинисан и осетљив струјни пик окси-
дације KBZ је запажен на [BnMIM]PF6/CPE у присуству SDS у фосфатном пуферу вредности 
pH 6,80. Висина струјног пика у присуству SDS је била знатно већа него када он није био 
присутан на електоди. Претпостављено је да и SDS и [BnMIM]PF6 значајно повећавају бр-
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зину електрохемијске оксидације KBZ. Кинетички параметри оксидације KBZ на [BnMIM]PF6/  
/CPE у присуству SDS су одређени и хронокулонометријом и хроноамперометријом. Након 
оптимизације експерименталних параметара предложена је нова електрохемијска метода 
одређивања KBZ. Оксидациони пик је зависио линеарно од концетрације KBZ у опсегу од 
7,0 μM до 0,7 mM уз границу детекције од 0,98 μM (однос сигнала и шума је 3). Релативна 
стандардна девијација одређивања у раствору 0,10 mМ KBZ у 6 експеримената је износила 
од 1,40 до 2,13 %. Предложена метода је примењена и на одређивање KBZ у узорку комер-
цијалних таблета. 

(Примљено 20. априла, ревидирано 9. октобра 2011) 
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