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A carbon paste electrode modified with 2,2′-(1,3-propanediylbisnitrilo-ethylidine)bis-hydroquinone 

(PBNBH) and TiO2 nanoparticles was prepared. The modified carbon paste electrode exhibits 

excellent electrocatalytic activity towards the oxidation of ascorbic acid (AA), uric acid (UA) and folic 

acid (FA) and reduced the overpotential for AA oxidation to about 380 mV lower than that of the bare 

electrode. The modified carbon paste electrode could separate the anodic peaks of AA, UA and FA in a 

mixture. Potential differences of 330 mV (AA/UA) and 560 mV (AA/FA) were observed, which were 

large enough to allow for the determination of AA, UA and FA. The catalytic peak current obtained 

from differential pulse voltammetry (DPV was linearly dependent on the AA concentration in the 

range of 4.0-600.0 µM. The detection limit (2σ) for AA was 0.4 µM with a sensitivity of 0.785 µA 
µM

-1
 and a correlation coefficient of 0.9998. The electron transfer rate constant, ks, and charge transfer 

coefficient, α, were calculated to be 1.55 s
−1

 and 0.34, respectively.  

 

 

Keywords: Carbon paste electrode, TiO2 nanoparticles, Ascorbic acid, Uric acid, Folic acid  

 

 

1. INTRODUCTION 

Numerous studies have focused on the properties of nanoparticles in electrochemistry and 

heterogenous catalysis, partially because of their importance in the design of practical gas diffusion 

electrodes and catalysts. The influence of the size and surface structure of nanoparticles on their 

electrocatalytic and catalytic properties has also been the aim of several works. Due to its unique 

physical chemistry properties [1–3] and the physiochemical inclination to selectively combine with 

some groups of biomolecules, TiO2 nanoparticles (nano-TiO2) are an attractive, biocompatible and 
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environmentally benign material widely used in toothpaste and cosmetics. In contrast to its broad 

application in photochemistry [4–6], there are few studies of nano-TiO2 electrochemistry. The major 

barriers involve the low solubility and poor stability of TiO2 nanoparticles and the TiO2 film on the 

electrodes. 

Ascorbic acid (AA) or vitamin C is distributed widely in both the plant and animal kingdoms. 

In vegetable cells, it exists in its free form and also often binds to several proteins, such as ascorbigen. 

Among animal organs, the liver, leukocytes and anterior pituitary lobe contain the highest 

concentrations of ascorbic acid. Vitamin C is also present in many other biological systems and 

multivitamin preparations, which are commonly used to supplement inadequate dietary intake. It is 

widely used in foods as an antioxidant for the stabilization of color and aroma for extension of their 

storage time [7–9]. By contrast, uric acid (UA) is the primary product of purine metabolism in humans. 

Extreme abnormalities of UA levels are symptoms of several diseases, such as gout, hyperuricemia 

and Lesch–Nyhan syndrome [10, 11]. Therefore, it is essential to develop simple and rapid methods 

for determination of these biological molecules for routine analysis. However, the direct determination 

of AA at ordinary (carbon or metal) electrodes is challenging, because of the large overpotential of AA 

and fouling by oxidation products [12]. Moreover, at bare electrodes, the oxidation of UA, which is 

always present with AA in biological tissues, occurs at a potential close to that of AA. Therefore, it is 

essential to separate the oxidation potentials of AA and UA from each other. Similarly, folic acid (FA) 

is an important component of the hematopoietic system and is the coenzyme that controls the 

generation of ferroheme [13]. Lack of FA gives rise to gigantocytic anemia and is associated with 

leucopenia, devolution of mentality and psychosis. Determination of FA is often required in 

pharmaceutical, clinical and food samples. 

To overcome the problems of selectivity, the electrode surface can be modified to decrease the 

overpotential, improve the mass transfer velocity and effectively enrich the substance [14, 15]. Surface 

modification of electrodes is one of the most exciting developments in the field of electroanalytical 

chemistry. Modification may lead to significant reduction of overpotentials and increased electron 

transfer rate constants of the desired redox reactions at the electrode for electrochemically selective 

and sensitive determination [16-19].  Carbon-based electrodes are especially interesting since their 

surfaces can be covalently grafted by various molecules for versatile interface design.    

Carbon tends to be more compatible with biological tissues than other commonly used 

electrode materials [19]. Among the carbon electrodes, carbon paste electrodes (CPE) are convenient 

conductive matrixes to prepare chemically modified electrodes (CMEs) by simple mixing of 

graphite/binder paste and modifier [20]. The CPEs can provide a suitable electrode substrate for 

preparation of modified electrodes.  

Here, we report the preparation and application of a 2,2′-(1,3-propanediylbisnitrilo-

ethylidine)bis-hydroquinone (PBNBH, Scheme 1) / TiO2 nanoparticle modified carbon paste electrode 

(PBNBH-TNMCPE) as a new electrocatalyst for the electrocatalytic procedure and the determination 

of AA in an aqueous buffer solution. The analytical performance of the modified electrode was also 

evaluated for AA quantification in the presence of UA and FA. 
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Scheme 1. Structure of 2, 2'(1, 3-propanediylbisnitrilo-ethylidine)-bis-hydroquinone 

 

 

 

2. MATERIALS AND METHODS 

2.1. Materials 

The AA, UA and FA were purchased from Merck (Darmstadt, Germany). All other reagents 

used in this study were of analytical grade. 

Graphite fine powder (Merck) and paraffin oil (DC 350, Merck, density = 0.88 g cm
−3

) were 

used as binding agents for the graphite pastes. The buffer solutions were prepared from ortho-

phosphoric acid and its salts in the pH range from 2.0–11.0. The experimental results were obtained at 

room temperature. 

 

2.2. Apparatus 

A SAMA 500 electrochemical workstation (Sama Instruments, Iran) equipped with a personal 

computer was used for electrochemical measurements and data analysis. The SAMA software was 

used for control and data acquisition. A three-electrode electrochemical cell was employed. A 

PBNBH-TNMCPE, a saturated calomel electrode (SCE) and a platinum wire were used as the 

working, reference and auxiliary electrodes. All potentials are reported versus the SCE. A Metrohm 

691 pH/ion meter was used for the pH measurements.  

 

2.3. Typical procedure for preparation of 2, 2'-(1, 3-propanediylbisnitrilo-ethylidine)-bis 

hydroquinone 

1,3-Diaminopropane (0.074 g, 1 mmol) was added in one portion to a mixture of 2,5-

dihydroxyacetophenone (0.3 g, 2 mmol) in methanol and allowed to stir for 40 minutes. The progress 

of the reaction was monitored by thin layer chromatography (TLC). A yellow substance was 

precipitated, and the solid product was filtered off and washed with cold methanol. The obtained crude 

product was recrystallized in methanol and 2,2'-(1,3-propane-diylbisnitrilo-ethylidine)-bis-

hydroquinone was obtained as a yellow crystal with a melting point (m.p.) of 230-232°C and a 97% 

yield. 

 



Int. J. Electrochem. Sci., Vol. 5, 2010 

  

1776 

2,2'(1, 3-propanediylbisnitrilo-ethylidine)-bis-hydroquinone; yellow solid; m.p: 230-232°C.  

IR(KBr)/υ (cm
-1

) 3100-3300 (br, OH), 3057, 2990, 2800, 1608(s, C=N), 1562, 1419, 1312, (s, 

Ar C=C ), 1219 (s, C-O), 965, 840, 799 (s). 
1
H NMR (400 MHz/DMSO)/δ ppm: 1.85 (m, 2 H, CH2), 2.1(s, 6 H, 2 CH3), 3.44 (t, 4 H, 2 

CH2), 6.44 (d, 2 H, Ar), 6.56 (d of d, 2 H, Ar), 6.8 (d, 2 H, Ar), 8.4 (s, 2 H, OH), 15.2 (s, br, 2 H, OH).
 

13
C NMR (100 MHz/DMSO)/δ ppm: 16.1, 32.7, 48.4, 115.2, 119.53, 120.7, 121.6, 149.7, 

157.0, 173.0. 

 

2.4. Preparation of electrode 

The PBNBH (0.005 g) was dissolved in CH3Cl and hand-mixed with 0.02 g of TiO2 

nanoparticles and 0.0475 g of graphite powder with a mortar and pestle. The solvent was evaporated 

by stirring. Paraffin was added to the above mixture using a 4-mL syringe and mixed for 20 min until a 

uniformly wetted paste was obtained. The paste was then packed into the end of a glass tube (ca. 3.4 

mm i.d. and 10-cm long). Electrical contact was made by pushing a copper wire down the glass tube 

into the back of the paste. When necessary, a new surface was obtained by pushing an excess of paste 

out of the tube and polishing it with a weighing paper. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Electrochemical behavior of PBNBH-TNMCPE 

Previous studies on the electrochemical behavior of TiO2 nanoparticle-modified electrodes 

revealed that they can improve the kinetics of the electrode processes and the sensitivity of the 

measurements [21, 22]. These improvements are accompanied with a considerable decrease of the 

capacitive current, which causes the enhancement of the detection limit and resolution of adjacent 

waves in electroanalytical measurements. 

Since the PBNBH complex is insoluble in aqueous solutions, it can be used in the carbon paste 

without leaching out from the electrode surface, which leads to a stable chemically modified electrode. 

The cyclic voltammogram of the PBNBH-TNMCPE exhibits an anodic peak during the forward scan, 

which is related to the oxidation of PBNBH to PBNBQ (its quinone form). Reduction of the quinone 

from PBNBQ to PBNBH occurs during the reverse scan (cathodic current peak). The peak separation 

potential, ΔEp = (Epa −Epc), was greater than the expected value (59 mV/n) for a reversible system. 

This suggests a quasi-reversible behavior in an aqueous medium. 

In addition, the effect of the potential scan rate on the electrochemical properties of the 

PBNBH / PBNBQ redox couple in the PBNBH-TNMCPE was studied in an aqueous solution with 

cyclic voltammetry. Plots of the peak currents (Ip) were linearly dependent on the scan rates from 50 to 

400 mV s
-1

. A linear correlation was obtained between the peak current and the scan rate, indicating 

that the nature of the redox process was controlled in a diffusion-independent manner. 
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Laviron [23] derived general expressions for the linear potential sweep voltammetric response 

of surface-confined electroactive species with small enough concentrations: 

 

Epa = E
0 
+ A ln [1 – α/m]                                                                                                (1)  

and 

Epc  = E
0 
+ B ln [α/m]                                                                                                     (2) 

For 

Epa - Epc = ΔEp > 200/n mV, 

 

log ks = α log (1 – α) + (1 – α) log α – log (RT/nFυ) – α (1 – α) nFΔEp / 2.3RT             (3) 

 

where A = RT/(1 – α)nF, B = RT/αnF and m = (RT/F) (ks/αn). 

From these expressions, it is possible to determine the transfer coefficient (α) by measuring the 

variation of the peak potentials with scan rate (υ) as well as the apparent charge transfer rate constant 

(ks) for the electron transfer between the electrode and the surface-confined material. 

A plot of Ep as a function of log υ yields one straight line with a slope equal to  

2.3RT/(1 – α)nF for the anodic peak. For scan rates above 400 mVs
-1

, the values of Epa were 

proportional to the logarithm of the scan rate, as indicated by Laviron. Using such a plot and Eq. (3), 

the values of α and ks were determined to be 0.34 and 1.55 s
-1

, respectively.  

The values for the surface concentration (Γ) of the modified carbon paste electrode (MCPE), 

given in mol cm
−2

, were obtained from the following equation [24]: 

 

Ip = n
2
 F

2
A Γ ν/4RT                                                                                                    (4) 

 

where n represents the number of electrons involved in the reaction, A is the surface area (cm
2
) 

of the MCPE, Γ (mol cm
-2

) is the surface coverage and other symbols have their usual meanings. From 

the slope of the anodic peak currents versus scan rate, the calculated surface concentration of PBNBH 

was 2.9 × 10
-10

 mol cm
-2

 for n = 2.     

 

3.2. Effect of pH on the electrochemical behaviors of the PBNBH-TNMCPE 

The effect of the medium’s pH on the electrochemical signal of the PBNBH-TNMCPE was 

investigated (Fig. 1). The pH of the solutions was adjusted using buffer solutions from pH 2.0–11.0. 

The peak potential changes over the pH range of 2.0-11.0, and there was a linear range, which can be 

described by the following equation: 

 

Ep = -0.053 pH + 0.5483               R
2
 = 0.9994                                                          (5) 

 

Such behavior suggests that it obeys the Nernst equation for a transfer reaction of two electrons 

and protons [25]. 
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Figure 1. Dependence of PBNBH-TNMCPE anodic peak currents on the pH of the buffer solutions 

 

 

3.3. Electrocatalytic oxidation of AA at PBNBH-TNMCPE 

Figure 2 depicts the cyclic voltammetric responses from the electrochemical oxidation of 0.3 

mM AA at the bare CPE (Fig. 2A, curve a), TiO2 nanoparticle-modified carbon paste electrode 

(TNCPE) (Fig. 2A, curve b), PBNBH-modified carbon paste electrode (MCPE) (Fig. 2B, curve a) and 

PBNBH-TNMCPE (Fig. 2B, curve b).  

 

 
 

Figure 2. A Cyclic voltammograms of 0.3 mM AA in a 0.1 M phosphate buffer solution (pH 7.0) at 

the (a) Bare-CPE and (b) TNCPE. 2. B Cyclic voltammograms of 0.3 mM AA in 0.1 M 

phosphate buffer solution (pH 7.0) at the (a) PBNBH-MCPE and (b) PBNBH-TNMCPE. In all 

cases, the scan rate was 20 mV s
-1
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As shown, the anodic peak potential for AA oxidation at the PBNBH-MCPE (Fig. 2B, curve a) 

and PBNBH-TNMCPE (Fig. 2B, curve b) was about 180 mV, but was about 560 mV at the bare CPE 

(Fig. 2A, curve a). At the TNCPE (Fig. 2A, curve b), the peak potential was about 480 mV. Based on 

these results, we concluded that the best electrocatalytic effect for AA oxidation was at the PBNBH-

TNMCPE (Fig. 2B, curve b). The peak potential of AA oxidation at the PBNBH-TNMCPE (Fig. 2B, 

curve b) shifted by about 300 and 380 mV toward negative values when compared with that at the 

TNCPE (Fig. 2A, curve b) and bare CPE (Fig. 2A, curve a), respectively. Similarly, when comparing 

the oxidation of AA at the PBNBH-MCPE (Fig. 2B, curve a) and PBNBH-TNMCPE (Fig. 2B, curve 

b), a dramatic enhancement of the anodic peak current at the PBNBH-TNMCPE (Fig. 2B, curve b) 

relative to that obtained at the PBNBH-MCPE (Fig. 2B, curve a) was observed. The data clearly show 

that the combination of TiO2 nanoparticles and mediator (PBNBH) significantly improve the 

characteristics of AA oxidation.  

 

 
 

Figure 3. Cyclic voltammograms of 0.5 mM AA at the PBNBH-TNMCPE at different scan rates in 

0.1 M phosphate buffer solution (pH 7.0). (a-g: 4, 6, 8, 10, 15, 20 and 25 mV s
-1

, respectively). 

Insets: (A) Electrocatalytic current versus the square root of the scan rate (B). Scan rate-

normalized current (Ip/υ
1/2

) as a function of the scan rate 

 

The results of electrocatalytic oxidation of AA at the surface of chemically modified electrodes 

by other mediators are given in Table 1 [26-30]. Compared with other electrodes, the proposed 

electrode exhibits a good electrocatalytic effect for AA oxidation. 

To obtain information about the catalytic mechanism, cyclic voltammograms of an AA solution 

at different scan rates were recorded. Figure 3 shows the cyclic voltammograms of a PBNBH-

TNMCPE at various scan rates obtained in a 0.1 M phosphate buffer solution (pH 7.0) containing 0.5 

mM AA. The anodic oxidation current of AA is proportional to the square root of the scan rate (Fig. 
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3A), indicating that the reaction is controlled by AA diffusion at sufficiently positive potential according 

to following equation [25]:  

 

Ip = 3.01×10
5
n[(1-α)nα]

1/2
ACbD

1/2
 υ

1/2                           
(6) 

 

A plot of the sweep rate (Fig. 3B) normalized current (Ip/υ
1/2

) versus sweep rate  

(4-25 mV s
-1

) shows the characteristic shape of an EC′ mechanism.  

Andrieux and Savéant [31] have analyzed CVs in the framework of a model of redox 

chemically modified electrode. Based on extensive computations, a working curve showing the 

relationship between numerical values of the constant, Icat/nFACb(DnFυ/RT)
1/2

, and 

log[ḱh/(DnFυ/RT)
1/2

] (Figure 1b. of Andrieux’s article) was given, where D and Cb are the diffusion 

coefficient (cm
2
 s

−1
) and bulk concentration (mol cm

−3
) of AA, respectively, and the other parameters 

have their usual meanings.  

 

 
 

Figure 4. Linear sweep voltammogram of 0.5 mM AA at the PBNBH-TNMCPE in a 0.1 M phosphate 

buffer solution (pH 7.0). Inset shows the Tafel plot derived from the current-potential curve 

recorded at a scan rate of 25 mV s
-1

 and the dependence of the peak potential, E, on log (I) 

 

The value of the catalytic reaction rate constant between AA and the PBNBH-TNMCPE (ḱh) 

can be calculated from such a working curve. For low scan rates (5-25 mVs
−1

), at the PBNBH-

TNMCPE, an analysis of the CVs yielded the average value for the ratio of  

Icat /nFACb(DnFυ/RT)
1/2

 to be 0.3, in the presence of 0.5 mM AA. Using this value and the theoretical 

paper by Andrieux and Saveant [31], the average value of ḱ h was found to be 3.23 ×10
-3

 cm s
−1

 (for 

scan rates of 4, 6, and 8 mV s
-1

). This value of ḱ h helps to explain the sharp feature of the catalytic peak 

observed for the catalytic oxidation of AA at the PBNBH-TNMCPE. 

Figure 4 shows linear sweep voltammograms of 0.5 mM AA in a 0.1 M phosphate buffer 

solution (pH 7.0). The inset of Fig. 4 shows a Tafel plot drawn from data of the rising part of the 
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current–voltage curve recorded at a scan rate of 25 mVs
−1

. This part of voltammogram, known as the 

Tafel region, is affected by electron transfer kinetics between the substrate (AA) and surface-confined 

PBNBH-TNMCPE, assuming the deprotonation of the substrate as a sufficiently fast step. In this 

condition, the number of electrons involved in the rate-determining step can be estimated from the 

slope of the Tafel plot. According to the Tafel slope equation and a slope of 0.0947 V decade
-1

, the 

charge transfer coefficient was calculated to be α = 0.37. 

 

3.4. Chronoamperometric studies  

In chronoamperometry studies, the current, i, for the electrochemical reaction (at a mass-

transport-limited rate) of an electroactive material (AA in this case) that diffuses to an electrode 

surface with a diffusion coefficient, D, is described by the Cottrell equation [25]: 

 

I = nFAD
1/2

Cbπ
 -1/2

t
 -1/2         

                                                            (7) 

 

where D is the diffusion coefficient, Cb is the bulk concentration of AA, and the other 

parameters have their usual meanings. Under diffusion (mass transport) control, a plot of i versus t
-1/ 2

 

will be linear, and the value of D can be obtained from the slopes. We carried out such experiments on 

a PBNBH-TNMCPE by setting the potential at 0.3 V. The slopes of the resulting straight lines were 

then plotted versus the AA concentration; from the slope of this plot (46.105), the diffusion coefficient 

of AA was found to be 1.9×10
-5

 cm
2
s

-1
.  

 

3.5. Calibration plot and limit of detection 

Since differential pulse voltammetry (DPV) has a much higher current sensitivity and better 

resolution than cyclic voltammetry, it was used to estimate the lower limit of AA detection. In 

addition, the charging current contribution to the background current, which is a limiting factor in the 

analytical determination, is negligible in DPV mode. Voltammograms clearly show that the plot of 

peak current versus AA concentration is composed of two linear segments with different slopes (slopes 

of 0.785 μA.μM
-1

 for the first linear segment and 0.0702 μA.μM
-1

 for the second linear segment), 

corresponding to two different ranges of substrate concentration (4.0-10.0 μM for the first linear 

segment and 10.0-600.0 μM for the second linear segment). The decrease in sensitivity (slope) in the 

second linear range is likely due to kinetic limitations. The detection limit (2σ) for AA in the lower 

range region was found to be 0.4 μM. This value is comparable with values reported by other research 

groups (Table 1). 

 

3.6. Simultaneously determination of AA, UA and FA 

One of the main objectives of the present study was the development of a modified electrode 

capable of electro-catalytic oxidation of AA and separation of the electrochemical responses of AA, 

UA and FA. 
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The use of PBNBH-TNMCPE for the simultaneous determination of AA, UA and FA was 

demonstrated by simultaneously changing the concentrations of AA, UA and FA. The differential 

pulse voltammetric results show that the simultaneous determination of AA, UA and FA with three 

well-defined anodic peaks is possible at the modified electrode (Fig. 5). The linear dynamic ranges of 

UA and FA were 100.0-140.0 and 14.0-230.0 µM, respectively. 

 

Table 1. Comparison of the efficiency of modified electrodes used in the electrocatalysis of      

ascorbic acid 

 

 

The sensitivities of the modified electrode towards the oxidation of AA, UA and FA were 

found to be 0.80 µAµM
-1

 (Inset A of Fig. 6), 0.085 µAµM
-1

 (Inset B of Fig. 6) and 0.051 µAµM
-1

 

(Inset C of Fig. 6), respectively, whereas the sensitivities towards AA in the absence and presence of 

UA and were found to be 0.78 (absence of UA and FA) and 0.8 (presence of UA and FA) µAµM
-1

. 

These results indicate that the oxidation processes of AA, UA and FA at the PBNBH-TNMCPE are 

independent and therefore simultaneous measurements of the three analytes are possible without any 

Substrate Modifier Method pH  and 

Peak 

potential /  

shift (mV) 

 

Scan 

rate / 

(mV/s

) 

Detection 

limit (M) 

Dynamic 

Range (M) 

Reference 

 

Platinum 

Electrode 

 

Naphthol Green 

B 

 

Voltammetry 

 

4.5 

 

320 

 

50 

 

1.1 ×10
−4

 

 

2.4 ×10
−4

 – 

      2.5 ×10
−2

 

 

26 

 

Glassy 

Carbon 

Electrode 

 

Cobalt 

phthalocyanine 

nanoparticles 

 

Potentiometry 

 

7.0 

 

190 

 

200 

 

1.0 ×10
−7

 

 

5.5 ×10
−7

 – 

      1.0 ×10
−2

 

 

27 

 

Carbon Paste 

Electrode 

 

2,7-

Bis(ferrocenyl 

ethyl)fluoren- 
9-one 

 

Voltammetry 

 

7.0 

 

300 

 

10 

 

9.0 ×10
−6

 

 

3.1 ×10
−5

 – 

      3.3 ×10
−3

 

 

28 

 

Gold 

Electrode 

 

Ferrocene 

 

Voltammetry 

 

5.8 

 

_ 

 

50 

 

2.0 ×10
−7

 

 

1.0 ×10
−6

 – 

      5.0 ×10
−4

 

 

 29 

 

Glassy 

Carbon 

Electrode 

 

Ruthenium 

oxide 

 

Voltammetry 

 

5.0 

 

250 

 

100 

 

8.0 ×10
−5

 

 

8.8 ×10
−5

 – 

2.32 ×10
−3

 

 

 

 30 

 
Carbon Paste 

Electrode 

and TiO2 
Nanoparticle

s 

 
2,2'(1,3propane

diylbisnitriloeth

ylidine)-bis 
hydroquinone 

 
Voltammetry 

 
7.0 

 
380 

 
25 

 
3.8 ×10

−7
 

 
4.0 ×10

−6
 – 

      6.0 ×10
−4

 

 
 This work 
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interference. If the AA signal had been affected by the UA and FA signals, the above-mentioned 

slopes would be different. 

 

 
Figure 5. (A) Differential pulse voltammograms of the PBNBH-TNMCPE in a 0.1 M phosphate 

buffer solution (pH 7.0) in mixed solutions of (a-e: 4.0, 6.0, 8.0 and 10.0 µM AA; 100.0, 110.0, 

120.0, 130.0, and 140.0 µM UA; and 140.0, 160.0, 180.0, 210.0, and 230.0 µM FA) with 

potential scan rates of 25 mV s
-1 

 

 
 

Figure 6. Plots of the peak current as a function of the concentration of: (A) 4.0, 6.0, 8.0, 10.0, and 

20.0 µM AA (B) 100.0, 110.0, 120.0, 130.0, and 140.0 µM UA (C) with concentrations of 

140.0, 160.0, 180.0, 210.0, and 230.0 µM FA in a 0.1 M phosphate buffer solution (pH 7.0) at 

the PBNBH-TNMCPE. 
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3.7. Determination of AA in real samples 

The proposed PBNBH-TNMCPE was found to work well under laboratory conditions. The 

electrode was also successfully applied to the direct determination of AA content of pharmaceutical 

samples. The AA content in pharmaceutical samples was determined by the standard addit ion method 

to prevent any matrix effect. The results for the analysis of pharmaceutical samples with the 

voltammetric method compared favorably with those obtained by the USP standard method (Table 2). 

 

Table 2. Determination of ascorbic acid in real samples 

 

 

 

 

 

 

 

 

 

 

 

 

4. CONCLUSIONS 

The electrochemical behavior of 2,2′-(1,3-propanediylbisnitrilo-ethylidine)bis-hydroquinone / 

TiO2 nanoparticles was studied. Oxidation of AA is catalyzed at pH 7.0, whereas the peak potential of 

AA is shifted by 380 and 80 mV to a less positive potential at the surface of the PBNBH-TNMCPE 

and TNMCPE, respectively. The catalytic peak currents obtained from DPV were linearly dependent 

on the AA concentration in the range of 4.0-600.0 µM. The detection limit (2σ) for AA was 0.4 µM 

with a correlation coefficient of 0.9998. The results show that UA and FA have no interference with 

AA detection, and therefore UA, FA, and AA can be simultaneously detected. The proposed method 

can also be applied to the determination of AA in pharmaceutical samples. 
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