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Abstract- A sensor based on carbon paste electrode (CPE) modified with benzoylferrocene
(BF) and NiO nanoparticls (NiO/NPs) was used for the highly sensitive voltammetric and
electrocatalytic measurement of hydrochlorothiazide (HCT) and folic acid (FA). The
NiO/NPs were synthesized via a direct chemical precipitation method and were characterized
with X-ray diffraction (XRD), and scanning electron microscopy (SEM) techniques. The
obtained sensor represented a suitable and powerful electron mediating behavior along with
excellent-separated oxidation peaks of HCT and FA. The acquired peak currents from square
wave voltammetry (SWV) technique were linearly dependent on HCT and FA concentrations
in the ranges of 1.0–500.0 and 50.0–500.0 µmolL-1 with limits of detection equal to 0.14 and
4.3 µmolL-1, respectively. This mediator/nanoparticle modified electrode was applied for the
detection and measurement of HCT and FA in pharmaceutical and biological samples.
Keywords- Nanostructure, Hydrochlorothiazide, Folic acid, Modified electrode, Sensor
1. INTRODUCTION
Hydrochlorothiazide (HCT) is one of the greatest of thiazide medicines often consumed
for treating high-blood pressure. This medicine excretes the water and sodium ion from Urine
by preventing of reabsorption the sodium ion by kidney tubules. Other uses include renal
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tubular acidosis, diabetes insipidus, and to decline the risk of kidney stones in those with high
calcium level in urine. Thus, measuring of this drug is significant. Numerous analytical
procedures have been described for the measurement of hydrochlorothiazide in plasma, blood
and medicinal preparations, including spectrophotometric [1], high performance liquid
chromatography [2], thin-layer chromatography [3] capillary zone electrophoresis [4],
chemiluminescence [5], liquid chromatographic [6], derivative spectroscopy [7], and
electrochemical techniques [8-10]. In comparison to other procedures that have been used the
electrochemical methods is important for because of their high dynamic range, lower cost,
simplicity, sensitivity and accuracy [11-15].
Folic acid is a commonly distributed vitamin (called vitamin BC, vitamin B9 or vitamin
M). It is complicated in single carbon transfer reactions in metabolism, and it is the precursor
of the active tetrahydrofolic acid coenzyme [16]. Lack of FA is a common cause of anaemia
and it is thought to growth the likelihood of heart attack and stroke. FA is a potential agent
for cancer prevention [17] by free radical scavenging and antioxidant activity. Several
techniques just like capillary electrophoresis (CE) [18], HPLC [19], enzyme-linked
immunosorbent assays (ELISAs) [20], together with bioassay [21] have still existing for the
determination of FA. Between the different approaches, electrochemical techniques are found
to be very hopeful [22-24].
It has been detected that when pregnant persons use hydrochlorothiazide due to highblood pressure, their body not only misses its essential liquids and sodium ions but the level
of FA in their body also decreases due to repeated urination reaction. Hence, as it is possible
that a number of problems, such as inborn malformations and neural tube defects, may be
caused by low levels of FA in a pregnant person’s body, they must to use 800 mg of FA,
which is twice as much as the value used by a normal person (400 mg).
It is possible to recognize the best type of treatment for every specific patient whereas
increasing the possible harms which are likely to happen as a result of side-effects caused by
improper treatments by the simultaneous determination of HCT and FA [25].
Modification of various electrodes surface is important point in highly sensitive
electrochemical measurement for electroactive materials [26-29]. According to this point that
there are some limitations in using of un-modified electrode for electrochemical techniques
just like low slow electron transfer reaction, selectivity and sensitivity, weak reproducibility
and steadiness over a vast range of solution compositions and the high overvoltage where the
electron transfer process happens [30,31]. Nanostructure materials namely metal-based
nanoparticles with high surface area and unique properties used for different application
[32,33] and especially modification electrochemical sensors in last year’s.
A few papers are accessible regarding electrochemical dedication of only HCT in real
samples using chemically modified electrodes. So far, as we know, there is a fewer papers
that have been reported at the same time measurements of HCT and FA by means of
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electrochemical techniques. In the present investigation, we explain fabrication of a sensor
composed of NiO/NPs-carbon paste electrode modified with benzoylferrocene (BF)
(BF/NiO/NPs/CPE) and research its application of the modified sensor for simultaneous
determination of HCT and FA in pharmaceutical and biological samples.

2. EXPERIMENTAL SECTION
2.1. Apparatus and materials
The electrochemical signals were achieved with a Micro Autolab potentiostat/galvanostat
type (ΙΙΙ). The experimental conditions were organized with GPES and FRA softwares. A
traditional three-electrode cell assembly containing of an Ag/AgCl/KCl electrode and a
platinum wire as reference and auxiliary electrodes were used, respectively. The working
electrode was either a modified carbon paste electrode (BF/NiO/NPs/CPE). An 827 pH meter
(Metrohm) was used for pH adjustments.
All solutions were provided with double distilled water. All materials and reagents were
of analytical grade and were attained from Merck Company. The pH range of 3.0-10.0 are
tested by buffer solutions which were prepared from orthophosphic acid and its salts. Direct
precipitation process was used for generation of NiO nanoparticles [34].
2.2. Fabrication of the modified electrode
The ratio of BF and NiO/NPs in modified electrode are optimized, for attaining the best
mode in the preparation of modified sensor. The consequence displays that the maximum
intensity is obtained in 1.0% w/w BF and 10.0% w/w NiO nanoparticles. Hence, using 1.0%
w/w BF and 10.0% w/w NiO nanoparticles for preparation of modified sensor are selected.
For this purpose, 0.010 g of BF was hand merged with 0.890 g of graphite powder and 0.100
g of NiO nanoparticles. Using a syringe, Then, 13 drops of liquid paraffin were added to the
obtained mixture and blended well for 60 min until a homogenously pasted was attained. The
provided paste was then pressed into a glass pipe. The electrical connection will be prepared
by pressing Cu wire down at the behind of the paste in the glass tube. Whenever it was
needed, a fresh surface was achieved by pushing a surplus of the mixture out of the pipe and
polishing it on a soft paper. The unmodified carbon paste electrode was fabricated in the
similar manner without adding NiO nanoparticles and mediator to the paste matrix to be
tested for the comparative goals.
2.3. Production of real samples
Ten hydrochlorothiazide tablets (labeled 50 mg of Iran Daru Co.) were crushed and a
HCT solution was achieved by dissolving 100 mg of the obtained powder in 200 mL water.
Afterwards, various values of the HCT solution were added into a 10 mL volumetric
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container and were diluted using phosphate buffer solution (PBS) (pH 5.0). The HCT content
was explored by the suggested method using the standard addition manner. As well as, 10
tablets of FA (labeled 5.0 mg of Iran Daru Co.) were grinded and the FA solution was
provided by dissolving 100 mg of the obtained powder in 200 mL water. Thereafter, various
values of the achieved FA solution were moved into a 10 mL volumetric container and were
diluted using PBS (pH 5.0). The FA content was also examined by the suggested method
using the standard addition manner.
Urine sample of a normal person was kept in a refrigerator immediately after collection.
10 mL of the urine sample was centrifuged for 20 min at 1500 rpm. The supernatant was
filtered out by a 0.45 μm filter. After, various values of the obtained solution were moved
into a 50 mL volumetric container and diluted using PBS (pH 5.0) to the mark. The prepared
urine samples were spiked with various volumes of HCT and FA.

3. RESULTS AND DISCUSSION
3.1. NiO nanoparticles characterization
Figure 1A shows the XRD patterns of the synthesized NiO nanoparticles. The peaks were
appeared at the (111), (200), (220), (311) and (222) planes which correspond to NiO and the
diffraction data are in good agreement with JPCD card of NiO (JPCD no.: 01-1239). An
average crystal size of NiO nanoparticle was calculated about 18 nm (2θ=37.69) by using
Scherer’s equation (D=Kλ/(β cosθ). Figure 1B display a typical SEM image of the
synthesized NiO nanoparticles. Results show that spherical NiO nanoparticles are well
formed.

Fig. 1. A) XRD patterns of the as synthesized NiO nanoparticles; B) SEM image of NiO
nanoparticles.
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3.2. Voltammetric explorations
The combination of unsolvable benzoylferrocene with carbon paste produces a stable and
chemically modified electrode without concern for its leaching from the surface of electrode.
Firstly, the voltammetric behavior of BF/NiO/NPs/CPE was investigated. Results are
indicated an anodic peak at the forward scan associated to the oxidation of the
benzoeilferrocene to benzoeilferrocenium form (scheme1).

Scheme 1. Suggestion mechanism for electrocatalytic oxidation of hydrochlorothiazide at a
surface of BF/NiO/NPs/CP

Fig. 2. Plot of Ipa versus ѵ1/2 for the electrooxidation of BF/NiO/NPs/CPE at various scan
rates of 1) 10; 2) 15; 3) 20; 4) 30; 5) 40; 6) 50; 7) 100; 8) 150; mV s -1 in 0.1 molL-1 PBS (pH
5.0). Inset: Cyclic voltammograms of BF/ NiO/NPs/CPE at various scan rates
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In the inverse scan of the potential, a cathodic peak observes associated to the reduction
of benzoeilferrocenium to benzoeilferrocene form. A couple of quasi reversible signals are
detected at Epa=0.69 V and Epc=0.57 V vs. Ag/AgCl/KCl (scan rate 0.15 V/s). The values of
half wave potential (E1/2) and ΔEp (Epa-Epc) were 0.60 and 0.12 V vs. Ag/AgCl/KCl,
respectively. Because of ΔEp value more than the expected value (59/n mV) for a reversible
process, the electrode behavior is quasi reversible. Figure 2 shows that the anodic peak
current is linearly dependent on ѵ 1/2 for all scan rates (I=1.0139 ѵ 1/2+57.066; R2=0.9927).
This manner shows that the nature of the redox process is diffusion-controlled.
The cyclic voltammetric signals from the electrochemical oxidation of 1000 µmol L-1
HCT at BF/NiO/NPs/CPE (curve c), BF/CPE (curve b), NiO/NPs/CPE (curve d), and bare
CPE (curve e) are presented in Figure 3. As seen, the potential of anodic peaks for oxidation
process of HCT at BF/NiO/NPs/CPE (curve c) and at BF/CPE (curve b) were about 700 mV,
while at the surfaces of NiO/NPs/CPE (curve d) and unmodified CPE (curve e), were about
980 and 1000 mV, respectively. According to these results, we can concluded that the good
and suitable electrocatalytic effect for HCT oxidation was achieved using BF/NiO/NPs/CPE
(curve c). For further explanation we can mention that the potential value of HCT oxidation
process at surface of BF/NiO/NPs/CPE (curve c) shifted about 280 and 300 mV to fewer
positive values compared to NiO/NPs/CPE (curve d) and bare CPE (curve e), respectively.

Fig. 3. Cyclic voltammograms of a) the buffer solution at BF/NiO/NPs/CPE, b)1000 µmolL-1
HCT at BF/CPE, c) 1000 µmolL-1 HCT at BF/NiO/NPs/CPE, d) 1000 µmolL-1 HCT at
NiO/NPs/ CPE, and e) 1000 µmolL-1 HCT at CPE. Conditions: 0.1 molL-1 PBS (pH 5.0), scan
rate of 20 mVs-1
Furthermore, BF/NiO/NPs/CPE displays greater anodic peak current for the oxidation of
HCT compared to BF/CPE, indicating that the simultaneous use of the mediator and NiO
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nanoparticles (mediator/nanoparticle) has suggestively enhanced the performance of the
applied sensor for HCT oxidation. Actually, BF/NiO/NPs/CPE in the buffer solution (pH 5.0)
and the absence of HCT showed an expected behavior for redox reaction. However, there was
a significant increase in the current of anodic peak using 1000 µmol L-1 HCT (curve c),
which can be associated with the electrocatalytic effect of BF/NiO/NPs/CPE for oxidation of
HCT.
Figure 4 presents the effect of scan rate (ѵ) on potential and current of peak (Ep and ip) of
500 µmolL-1 HCT (pH 5.0) which was tested in the range of 5–20 mVs-1 at the surface of
BF/NiO/NPs/CPE. The attained signals indicated a positive shift in Ep, which confirming the
kinetic limitation in the under study electrochemical reaction. Moreover, there is a linear
relationship between ip and ѵ 1/2 (ip = 47.172 ѵ1/2 – 86.564, R2 = 0.9945) that approves the
diffusion controlled reaction for the electrooxidation of HCT on the BF/NiO/NPs/CPE
surface in the considered range of scan rates.

Fig. 4. Plot of Ipa versus ѵ1/2 for the oxidation of 500.0 µmolL-1 HCT at various scan rates of
a) 5.0, b) 8.0, c) 11.0, d) 14.0, e) 17.0 and f)20.0 mVs-1 in 0.1molL-1 PBS (pH 5.0) at
BF/NiO/NPs/CPE. Inset: Cyclic voltammograms of 500.0 µmolL-1 HCT at various scan rates
The Tafel plot was illustrated to achieve evidence about the rate determining stage, as
derived from details of the Tafel area of the CVs (Figure 5). The slope of the Tafel plot was
equal to 0.128 V decade-1 for sweep rate 8 mVs-1. So, we calculated the mean value of ɑ
equal to 0.53. Furthermore, the value of ɑ was obtained for the oxidation of HCT for both the
BF/NiO/NPs/CPE and unmodified CPE using the Equation (1):
ɑnɑ=0.048/ (Ep-Ep/2)

(1)
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Where EP/2 is the potential related to IP/2. The ɑnɑ values were obtained to be 0.6 and 0.3
at the surfaces of BF/NiO/NPs/CPE and the unmodified CPE, respectively. The obtained
values indicate that the over voltage for HCT oxidation is reduced at BF/NiO/NPs/CPE
surface, and as a result the speed of electron transfer reaction is greatly improved. This
occurrence is approved by the higher Ipa values achieved during cyclic voltammetry
experiments at BF/NiO/NPs/CPE.

Fig. 5. Tafel plot for BF/NiO/NPs/CPE in 0.1 molL-1 PBS (pH 5.0) with a scan rate of 8
mVs-1 in the presence of 500.0 µmolL-1 HCT
Double potential step chronoamperometric studies of BF/NiO/NPs/CPE were done in the
absence and the presence of HCT by adjustment the potential of working electrode at 0.1 and
0.9 V at the first and second steps, respectively (Figure 6A). As can be seen, in the existence
of HCT when the potential is first applied (from 0.1 V to 0.9 V), there is not net cathodic
current related to the reduction of the BF, however, the charge value associated with the
forward stage is considerably more than that noticed for the backward stage. The linearity of
the current vs. t-1/2 shows that the current controlled by diffusion process (Figure 6B). Thus,
the slope of this linear curve can be used for calculation of the diffusion coefficient, D, of
HCT. The mean value of diffusion coefficient was obtained 5.68×10-5 cm2 s-1. These
observations indicate that the mediator molecule at BF/NiO/NPs/CPE surface can catalyze
the oxidation process of HCT. Based on method of Galus [35] using equation (2) and
chronoamperometry data can also be calculated the catalytic rate constant, kh, for the reaction
between HCT and redox sites at the BF/NiO/NPs/CPE:
IC / IL = π1/2 γ1/2 = π1/2 (kCbt)1/2

(2)
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Where, IC is the electrocatalytic current of HCT at the surface of BF/NiO/NPs/CPE, IL is
the limited current in the absence of HCT, Cb is the bulk concentration of HCT, and t is the
time elapsed. Based on the slope of IC/IL vs. t1/2 plot, kh can be obtained for a given HCT
concentration (Figure 6C). Using the values of the slopes, the average value for kh was found
to be 5.11×102 M-1s-1.
Technique of electrochemical impedance spectroscopy (EIS) is one of the most operative
and consistent methods to attain information about electrochemical characteristics of the
surface modifications [36, 37]. Therefore, EIS was also employed to more investigations.

Fig. 6. A) Chronoamperograms obtained at BF/NiO/NPs/CPE in the absence (a) and in the
presence of (b) 200 and (c) 350 µmolL-1 HCT in a buffer solution (pH 5.0); B) Cottrell’s plot
for the data from the chronoamperograms; C) Dependence of Ic/IL on the t1/2 derived from the
chronoamperogram data
Figure 7 shows the Nyquist diagrams including the imaginary impedance (Zim) versus the
real impedance (Zre) obtained at BF/NiO/NPs/CPE recorded at 0.64 V dc-offset in the
absence and presence of 500 µmolL-1 HCT (pH 5.0). As can be seen from figure, the Nyquist
diagrams comprise a depressed semicircle at high frequencies which may be related to the
combination of charge transfer resistance (Rct) related to electrooxidation of BF and the
double-layer capacitance (Q), followed by a straight line with a slope of nearly 45° which it is
due to the mass transport process through diffusion. The diameter of the semicircle decreases
in the presence of HCT, approving the electrocatalytic capability of the mentioned system.
The used equivalent circuit for the Nyquist diagram recorded is depicted in Figure 7
(inset). In this circuit, Q, Rct, and Rs show a constant phase element (CPE) corresponding to
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the double-layer capacitance, the charge transfer resistance and solution resistance. W is
Warburg term coupled to Rct.
Square wave voltammetry (SWV) was used for the analysis of HCT in this research
because this method has a much greater current sensitivity and superior resolution than cyclic
voltammetry.

Fig. 7. Nyquist diagrams of BF/NiO/NPs/CPE (a) in the absence and (b) in the presence of
500 µmolL-1 HCT
Table 1. Comparison of the efficiency of some modified electrodes used in the determination
of hydrochlorothiazide
Method

LOD (molL-1)

LDR(molL-1)

Ref.

voltammetry

1.2×10-6

3.0×10-6-7.4×10-5

[15]

voltammetry

6.39×10-7

1.97×10-6-8.81×10-5

[38]

SRE/MWCNTs

voltammetry

2.6×10-6

5.0×10-6 -7.0×10-5

[39]

Carbon paste

voltammetry

1.4×10-7

1.0×10-6-5.0×10-4

This work

Electrode
Born-doped
diamond
Born-doped
diamond
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The SW voltammograms obviously show that the relationship of peak current and HCT
concentration is linear for 1–500 µmolL-1 with the regression equation of Ip (µA)= (0.2322 ±
0.027) CHCT + (56.603 ± 0.9782) (R2 = 0.9942, n=10. The limit of detection (LOD) was 0.14
µmolL-1 HX (LOD=3Sb/m where Sb is the standard deviation of the blank signal and m is the
slope of the calibration). The obtained LOD is comparable to the values described by other
research groups which are presented in Table 1.

3.3. Determination of HCT in the presence of FA
After measuring of HCT alone, one of the main goals in this research was to analysis
HCT and FA simultaneously using suggested sensor. It is done by simultaneously altering the
concentrations of both of them, and then recording the SWVs. The SW voltammograms
exhibited two distinct anodic peaks with a 300 mV separation of the peaks which are
presented in figure 8 Inset. Attained sensitivities for HCT in the absence and presence of FA
were found to be 0.2322±0.027 and 0.2188±0.051 µA/µM, respectively (Figure 8). As it turns
out, the obtained sensitivities for the modified sensor towards HCT in the absence and
presence of FA were nearly the same, which indicates that the electrooxidation processes of
both HCT and FA at the suggested sensor are independent and simultaneous measurements of
the two drugs are, therefore, possible with the least interference.

Fig. 8. SWVs of BF/NiO/NPs/CPE in 0.1 M PBS (pH 5.0) containing different
concentrations of hydrochlorothiazide and folic acid in µM, from inner to outer: 5.0+50.0,
20.0+200.0, 40.0+300.0, 90.0+400.0 and 150.0+500.0, respectively. Insets (A) plots of Ip vs.
hydrochlorothiazide concentration and (B) plot of Ip vs. folic acid concentrations
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3.4. Study of repeatability and stability
The stability and repeatability of the proposed sensor were examined by SWV
experiments of 20.0 µmolL-1 HCT. The relative standard deviation for 7 successive assays
was 1.9%. The relative standard deviation for 4 measurements was 2.3% when using four
different fabricated electrodes. When the electrode kept at room temperature in our
laboratory, the achieved signals from the modified electrode retains 96% of its initial signals
which has good stability and reproducibility.

3.5. Interference investigations
The influence of different materials as compounds potentially interfering with the
analysis of HCT was investigated under obtained optimum conditions. The potentially
interfering materials were selected from the class of materials generally found with HCT in
biological and/or pharmaceuticals matrix. The limit of tolerance was defined as the maximum
concentration of the interfering material that caused an error of fewer than ±5% in the
analysis of HCT. According to the obtained results, neither a 800-fold excess of some ions
namely Na+, Al3+, Mg2+, Fe2+, K+, Cl-, SO42- and S2-, nor a 500-fold excess of some
compounds namely glucose, uric acid, ascorbic acid, methanol, ethanol, urea, caffeine and
10-fold of atenolol, propranolol, vitamin B2, vitamin B6 and cysteine don’t show interference
in the analysis of hydrochlorothiazide.

Table 2. The application of BF/NiO/NPs/CPE for simultaneous determination of
hydrochlorothiazide and folic acid in their tablet samples (n=5)
Sample

HCT tablet

FA tablet

Spiked
(μM)
HCT
0
10.0
20.0
30.0
40.0
0
25.0
35.0
45.0
55.0

FA
0
50.0
75.5
100.0
125.0
0
50.0
60.0
70.0
80.0

Found
(μM)
HCT
11
21.2
30.5
41.9
50.6
ND
25.3
34.4
45.8
54.6

Recovery (%)
FA
ND
49.1
76.2
101.2
123.6
50.0
98.7
111.2
118.7
131.2

HCT
102.0
97.5
103.0
99.0
101.2
98.2
101.7
99.2

R.S.D. (%)
FA
98
101.6
101.2
98.8
97.4
102
98.1
101.5

HCT
2.3
1.8
1.1
2.2
1.5
1.5
2.5
1.6
1.9

FA
2.1
2.3
2.7
3.1
2.8
2.4
2.9
1.8
3.2
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3.6. Study of real samples
For more evaluating the analytical applicability of the suggested sensor, it was also
examined the determination of HCT and FA in their tablets and urine samples. The attained
results are presented in tables 2 and 3. The reported results in the tables indicate the relative
standard derivations and the recovery performances of the spiked samples are acceptable, that
it indicates the applicability of the proposed sensor for determination of HCT and FA.
Table 3. The application of BF/NiO/NPs/CPE for simultaneous determination of
hydrochlorothiazide and folic acid in urine samples (n=5)
Sample

Spiked
(μM)
HCT
10.0
20.0
30.0
40.0

FA

Found
(μM)
HCT

Recovery (%)

R.S.D. (%)

FA

HCT

FA

HCT

FA

100.0
120.0
140.0
160.0

9.8
20.7
29.3
40.5

102.3
118.7
141.4
158.7

98.0
103.5
97.6
101.2

102.3
98.9
101.0
99.1

1.9
2.1
1.7
2.2

2.3
1.8
2.7
2.5

Urine

4.CONCLUSION
A mediator/nanoparticle platform for modified sensor was proposed for the simultaneous
analysis of HCT and FA. The electrochemical measurements indicated effective
electrocatalytic activity of the modified sensor in reducing the anodic overvoltage for the
electrooxidation of HCT and complete resolution of its anodic wave from FA. High
sensitivity and reproducibility of the voltammetric signals, and low LOD (0.14 µmolL-1),
together with the ease of fabrication and surface regeneration, creates the suggested modified
sensor very beneficial and suitable for accurate measurement of HCT in the presence of FA
in biological and pharmaceuticals samples.

REFERENCES
[1]
[2]

F. Liu, Y. Xu, S. Gao, and Q. Guo, J. Pharm. Biomed. Anal. 44 (2007) 1187.
L. R. Bhat, R. K. Godge, A. T. Vora, and M. C. Damle, J. Liq. Chromatogr. Relat. 30
(2007) 3059.

[3]

S. A. Shah, I. S. Rathod, B. N. Suhagia, S. S. Savale, and J. B. Patel, J. AOAC Int. 84
(2001) 1715.
Q. Wang, F. Ding, H. Li, P. He, and Y. Fang, J. Pharm. Biomed. Anal. 30 (2003) 1507.
J. Ouyang, W. Baeyens, J. Delanghe, and A. Calokerinos, Talanta 46 (1998) 961.

[4]
[5]

Anal. Bioanal. Electrochem., Vol. 10, No. 8, 2018, 1016-1030

1029

[6]
[7]

L. Li, J. Sun, P. Yang, and Z. He, Anal. Lett. 39 (2006) 2797.
E. Şatana, Ş. Altınay, N. G. Göğer, S. A. Özkan, and Z. Şentürk, J. Pharm. Biomed.
Anal. 25 (2001) 1009.

[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]

B. Rezaei, and S. Damiri, IEEE Sens. J. 8 (2008) 1523.
H. Karimi-Maleh, A. A. Ensafi, and H. R. Ensafi, J. Braz. Chem. Soc. 20 (2009) 880.
O. A. Razak, J. Pharm. Biomed. Anal.34 (2004) 433.
M. Shabani‐Nooshabadi, and F. Tahernejad‐Javazmi, Electroanalysis 27 (2015) 1733.
M. Shabani-Nooshabadi, and M. Roostaee, J. Mol. Liq. 220 (2016) 329.
M. Shabani-Nooshabadi, and F. Tahernejad-Javazmi, RSC Adv. 5 (2015) 56255.
H. Beitollahi, and F. Ghorbani, Ionics 11 (2013) 1673.
M. C. G. Santos, C. R. T. Tarley, L. H. Dall’Antonia, and E. R. Sartori, Sens. Actuators
B 188 (2013) 263.
R. L. Blakley, The Biochemistry of Folic Acid and Related Pteridines, American
Elsevier, New York (1969).
Y. I. Kim, J. Nutr. Biochem. 10 (1999) 66.
S. Zhao, H. Yuan, C. Xie, and D. Xiao, J. Chromatogr. A. 1107 (2006) 290.
A. R. G. B. de Quirós, C. C. De Ron, J. Lopez-Hernandez, and M. Lage-Yusty, J.
Chromatogr. A. 1032 (2004) 135.
D. Hoegger, P. Morier, C. Vollet, D. Heini, F. Reymond, and J. S. Rossier, Anal.

[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]

Bioanal. Electrochem. 387 (2007) 267.
A. Lermo, S. Fabiano, S. Hernández, R. Galve, M. P. Marco, S. Alegret, and M.
Pividori, Biosens. Bioelectron. 24 (2009) 2057.
M. Arvand, and M. Dehsaraei, Mater. Sci. Eng. C 33 (2013) 3474.
H. Beitollahi, and I. Sheikhshoaie, J. Electroanal. Chem. 661 (2011) 336.
H. Beitollahi, and I. Sheikhshoaie, Anal. Methods. 3 (2011) 1810.
[online] available at: http://www.wikipedia.org
V. Arabali, M. Ebrahimi, M. Abbasghorbani, V.K. Gupta, M. Farsi, M. Ganjali, and F.
Karimi, J. Mol. Liq. 213 (2016) 312.
F. Khaleghi, Z. Arab, V. K. Gupta, M. Ganjali, P. Norouzi, N. Atar, and M. L. Yola, J.
Mol. Liq. 221 (2016) 666.
A. Baghizadeh, H. Karimi-Maleh, Z. Khoshnama, A. Hassankhani, and M.
Abbasghorbani, Food Anal. methods 8 (2015) 549.
E. S. Sá, P. S. da Silva, C. L. Jost, and A. Spinelli, Sens. Actuators, B. 209 (2015) 423.
M. Shabani-Nooshabadi, M. Roostaee, and F. Tahernejad-Javazmi, J. Mol. Liq. 219

(2016) 142.
[31] V. K. Gupta, B. Sethi, R. Sharma, S. Agarwal, and A. Bharti, J. Mol. Liq. 177 (2013)
114.

Anal. Bioanal. Electrochem., Vol. 10, No. 8, 2018, 1016-1030

1030

[32] V. K. Gupta, T. Eren, N. Atar, M. L. Yola, C. Parlak, and H. Karimi-Maleh, J. Mol.
Liq. 208 (2015) 122.
[33] M. Arshadi, M. Ghiaci, A. Ensafi, H. Karimi-Maleh, and S. L. Suib, J. Mol Catal. A
[34]
[35]
[36]
[37]
[38]
[39]

338 (2011) 71.
M. Shabani-Nooshabadi, and M. Roostaee, Anal. Bioanal. Electrochem 8 (2012) 578.
Z. Galus, Fundamentals of electrochemical analysis, Halsted Press (1976).
A. A. Ensafi, H. Karimi-Maleh, S. Mallakpour, and B. Rezaei, Colloids Surf. B
Biointerfaces, 87 (2011) 480.
A. A. Ensafi, H. Karimi-Maleh, S. Mallakpour, and M. Hatami, Sens. Actuators B 155
(2011) 464.
A. P. P. Eisele, G. R. Mansano, F. M. de Oliveira, J. Casarin, C. R. T. Tarley, and E. R.
Sartori, J. Electroanal Chem. 732 (2014) 46.
S. X. D. Santos, and E. T. Gomes Cavalheiro, Anal. Lett. 45 (2012) 1454.

Copyright © 2018 by CEE (Center of Excellence in Electrochemistry)
ANALYTICAL & BIOANALYTICAL ELECTROCHEMISTRY (http://www.abechem.com)
Reproduction is permitted for noncommercial purposes.

