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Introduction
Recent decades, considerable efforts have been invested in the 

determination of phenolic compounds in environmental, industrial, 
agricultural, and food fields [1,2]. Phenolic compounds are released 
into environment by a large number of industries, such as coal 
mining, oil refinery, paint, polymer and pharmaceutical preparation. 
Phenolic compounds are secondary metabolites. They are not 
involved in growth and energy metabolism and are usually generated 
in response to environmental stress [2]. Some of these phenolic 
compounds like phenol, hydroquinone, are also harmful to humans 
and animals [3]. Catechol (CC, 1,2-dihydroxybenzene) is a phenolic 
derivative with several applications such as an antifungal preservative 
on potato plantations, a photographic and fur dye developer, and as 
an antioxidant [4]. Therefore, the determination of catechol is very 
important in environmental protection. Catechol undergoes oxidation 
under mild conditions to give benzoquinone. Benzoquinone is said to 
be antimicrobial, which slows the spoilage of wounded fruits and other 
plant parts. Catechol is produced by the reversible two-electron, two-
proton reduction of 1,2-benzoquinone (Scheme 1) [5].

Catechol contains phenolic hydroxy group and possesses excellent 
electrochemical activity. Many electrochemical methods using 
different modified electrodes have been reported for the determination 
of catechol [6-8]. 

Transition metal hexacyanoferrates (MHCFs) belong to a class 
of polynuclear inorganic mixed-valence compounds because of their 
reversible redox properties and their zeolitic structure [9-12], the color 
of prussian blue (PB) or iron (III) hexacyanoferrate (II) can be reversibly 
switched by electrochemical treatments [13]. Among the many 
transition metal hexacyanoferrates, cobalt hexacyanoferrate (CoHCF) 
has interesting chemical and electrochemical properties [14-17], which 
makes it a suitable modifier in many sensing applications. CoHCF 
exhibits well-defined and reproducible electrochemical responses at 
not only oxidized but also reduced states [10]. In addition, CoHCF film 
can also be easily fabricated on various electrode substrates [13] and 
CoHCF modified electrode shows good electrocatalytic activity toward 
a variety of substrates [14-17].

Gold nanoparticles (AuNPs) exhibit distinctive physical, 
chemical and catalytic properties because of their size, shape and 
high surface to volume ratio in contrast to bulk materials [18]. In 
particular, Gold nanoparticles have received much attention because 
of their applications in catalysis, nanoelectronics, drug delivery and 
chemical sensing [19]. Recently, increasing attention is being given 
to the fabrication of thin films of metal nanoparticles from both a 
fundamental and a practical application point of view. Such thin films 
of metal nanoparticles on solid surfaces have been prepared using a 
number of strategies including assembly techniques with cross linkers 
for metal nanoparticles [20].

Mesoporous materials are the focus of research due to their porous 
structure and high surface area, and the past decade many innovative 
synthetic methods of the mesoporous materials have been developed 
employing self-assembled surfactants as structure-directing agents 
[21-23]. Porous silicon (PS) has emerged as a promising material 
for sensor applications since it presents a number of advantages 
like miniaturization, integration of signal processing circuitry, low 
cost, greater surface area, and greater adsorption capacity [24-26]. 
They showed remarkable applications such as in molecular sieves, 
adsorbents, gas sensors, protein immobilization, etc. [27-31].

In this paper, the mesoporous SBA-15 was synthesized and the 
electrochemical behaviors of the glassy carbon electrode modified 
with CoHCF-Au nanocomposites based on mesoporous SBA-15 were 
investigated. The experimental results of the present work indicated 
that the CoHCF/Au/SBA-15 modified electrode showed an improved 
electrochemistry response to catechol compared with that without SBA-
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Abstract
A novel electrochemical sensor for catechol was developed by electrodepositing HAuCl4 and cobalt 

hexacyanoferrate (CoHCF) on an ordered mesoporous SBA-15 decorated glassy carbon electrode (GCE). The 
CoHCF/Au/SBA-15 film was characterized by scanning electron microscopy (SEM) and impedance spectra. A 
mesoporous SBA-15 was used as a platform that enlarged the surface area of the working electrode. The CoHCF/
Au/SBA-15 modified electrode showed good electrocatalytic activity to catechol and the electrocatalytic response 
was measured using cyclic voltammetry and Amperometric i-t curve. The electrochemical performance of the sensor 
for catechol was further enhanced due to the deposition of Au on the electrode surface. Under the optimal conditions, 
the sensor showed a linear range from 3.0 × 10-7M to 5.1 × 10-5M of catechol, with a detection limit of 50 nM (S/N=3). 
Good reproducibility, stability and good selectivity in the presence of numerous organic phenolics made the CoHCF/
Au/SBA-15 modified electrodes applicable to the determination of catechol in the various water samples.
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15 due to the greater surface area of SBA-15 as the substrate material. 
Electrochemical results showed that the CoHCF-Au nanocomposites 
in the gaps of SBA-15 could enhance the direct electron transfer. 
The catechol sensor was successfully used in real waste water sample 
analysis with a stability and reliable recovery.

Experimental
Apparatus and reagents

All chemicals and reagents used in the study were of A.R. grade 
and used as received without further purification. Catechol (C6H6O2, 
99%), tetraethoxysilane (TEOS, 98%), hydrochloric acid (HCl, 
37%) and pluronic copolymer P123 (non-ionic triblock copolymer, 
EO20PO70EO20, MW=5800) were purchased from Sigma Chemicals 
Company. Gold (III) chloride trihydrate (HAuCl4·3H2O, 99.9%), 
cobalt chloride hexahydrate (CoCl2·6H2O, 99.9%) were obtained from 
Aldrich. Phosphate buffer solution (PBS, 0.1M) was used to prepare 
the supporting electrolyte and the pH value was adjusted by mixing 
the stock solution of NaH2PO4 and Na2HPO4. Prior to experiments, 
the solutions were purged with purified nitrogen for at least 15 min 
to remove oxygen. Milli Q 18.2 MΩ water was used throughout the 
experiments.

The cyclic voltammetric measurements were carried out on 
CHI760B electrochemical workstation (Chen Hua Instrument, 
Shanghai, China). A conventional three electrode system was used 
in this work consists of CoHCF/Au/SBA-15/GCE as the working 
electrode, a thin Pt wire as auxiliary electrode and saturated calomel 
electrode (SCE) as the reference electrode. All the experiments were 
conducted at room temperature unless otherwise stated. Scanning 
electron microscopy (SEM) measurements were carried out using a 
JSM 6360 LV microscope (JEOL Ltd, Japan) operating at 100 kV. The 
transmission electron micrograph (TEM) was obtained using a JEM-
2100 TEM instrument (JEOL). Fourier transformation infrared (FT-
IR) spectra (4000-400 cm-1) in KBr were obtained with a Vector 22 
FTIR spectrometer (Bruker Optics, Germany). X-ray diffraction (XRD) 
patterns were collected on a Bruker D8 Advance X-ray diffractometer 
(Bruker, Germany).

The synthesis of mesoporous SBA-15 

The synthesis of SBA-15 was conducted as described in the 
literature [22,23]. In a typical preparation, 4.0 g P123 was completely 
dissolved in 130 g ultrapure water, and 20 mL HCl solution (37%) 
was added with stirring at 35°C. Then 8.5 g TEOS was slowly added 
to the solution with stirring at 35°C for 24 h. The mixture was then 
transferred to an autoclave and aged for 24 h at 80°C. The solid product 
was recovered by filtration, washed with ultrapure water, and air-dried 

at room temperature. Calcination was carried out in an air atmosphere 
at 550°C for 6 h with a heating rate of 1°C/min to remove the template 
and the final product was denoted as mesoporous SBA-15.

Fabrication of CoHCF/Au/SBA-15/GCE

The GCE was carefully polished with 1.0, 0.3 and 0.05 μm alumina 
powder successively, followed by rinsing thoroughly with ultrapure 
water. The polished electrode was sonicated in acetone and water, 
respectively. Then the cleaned GCE was pretreated by scanning from 
- 0.2 to 1.2 V in 0.5 M H2SO4 and dried at room temperature. The 
as-prepared SBA-15 (4.0 mg) was dispersed into 2 ml DMF and the 
mixture was sonicated for 1 h to form a stable white suspension. 

The fabrication of CoHCF/Au/SBA-15/GCE was performed 
as follows: Firstly, 4.0 μL SBA-15 solution was dropped onto the 
pretreated glassy carbon electrode surface and dried in air. Secondly, 
Au nanoparticles were immobilized on electrode surface by cyclic 
voltammetry in 0.1% HAuCl4 between 0 and 1.6 V at scan rate of 50 
mV·s-1, then the electrode was washed with water and dried in air 
(this electrode was denoted as Au/SBA-15/GCE). The Au/SBA-15/
GCE was scanned from -0.2 to 1.3 V at 50 mV·s-1 in 1.0 mM CoCl2 
solution (containing 0.05M KCl), potassium ferrocyanide solution (1.0 
mM), with 0.1 M KCl as the background electrolyte to get a thin film of 
CoHCF on the surface. Unless otherwise stated, the procedure involved 
10 full voltammetric cycles (20 segments) in the potential range from 
-0.2 to 1.3 V. After cycling, the electrode was kept at the potential of 
1.3 V for 20 min to get deposition of cobalt hexacyanoferrate (CoHCF) 
[32]. After being removed from the solution and thoroughly rinsed 
with water, the electrode was dried in air for later use. The obtained 
electrode was the CoHCF/Au/SBA-15 /GCE. The preparation process 
of this sensor is shown in Scheme 2.

Sample preparation and measurement procedures

All experiments were carried out at room temperature and 
high purity nitrogen was kept flowing over the solution during 
the experiments. Solutions of catechol (99%, Sigma-Aldrich) were 
prepared daily. Under the optimal conditions, CV was conducted in 
10.0 mL PBS (0.1M, pH=6.98) and CV was carried out between -0.3 to 
0.5 V at scan rate of 100 mV·s-1. The determination of catechol in the 
samples was performed using i-t curve with initial potential of 0.4 V.

Results and Discussion
Characterization of SBA-15

The crystalline structure and the phase composition of SBA-
15 were characterized by X-ray diffraction (XRD). The small-angle 
XRD pattern for as-synthesized SBA-15 prepared with EO20PO70EO20 
showed three well-resolved diffraction peaks in the 2θ range 0.5-5°, 

Scheme 1: Reaction for Catechol production.

Scheme 2: Preparation of the catechol sensor and the proposed mechanism of 
the sensor for catechol electrocatalytic detection.
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which corresponded to the diffraction of (100), (110), and (200) planes, 
respectively [33] (Figure 1), indicating that as-synthesized SBA-15 had 
a high degree of hexagonal mesoscopic organization. These diffraction 
peaks were characteristic of the ordered structure of SBA-15.

Scanning electron microscopy (SEM) images (Figure 2A) revealed 
that the as-synthesized SBA-15 sample was consists of many rope-
like domains with relatively uniform sizes, which were typical 
microstructures of the mesoporous SBA-15. Transmission electron 
microscopy (TEM) images (Figure 2B) of calcined SBA-15 showed 
well-ordered hexagonal arrays of Mesopores and further confirmed 
that SBA-15 had a 2D p6mm hexagonal structure.

The N2-sorption studies of SBA-15-X samples exhibited type 
IV isotherms according to IUPAC classification with H1 hysteresis 
loop, which were characteristics of mesoporous materials with one-
dimensional cylindrical channels [34]. A pore diameter of 6.24 nm 
(Figure S1 in the supporting information), and a Brunauer-Emmett-
Teller (BET) surface area of 518 m2·g-1 can be observed. Three well 
distinguished regions of the adsorption isotherm (Figure S1 in the 
supporting information) were apparent: (i) monolayer multilayer 
adsorption, (ii) capillary condensation and (iii) multilayer adsorption 
on the outer particle surfaces.

Characterization of the modified electrode

The modified CoHCF/Au composite was characterized by scanning 
electron microscopy (SEM). Figure 3A showed that bare GCE was clean 
and smooth and the mesoporous SBA-15 had typically rod structures 
(Figure 2A). After Au nanoparticles and cobalt hexacyanoferrate 
(CoHCF) were electrodeposited on the Bare GCE, as seen in Figure 3B, 
the CoHCF/Au composite presented a clear nano-flower structure on 
the electrode. And these assembled materials were evenly dispersed on 
glassy carbon electrode.

EIS (Electrochemical impedance spectroscopy) was employed to 
reveal the impedance changes of the corresponding electrode surface. 
The frequency varied from 105 to 0.05 Hz and the ac excitation 
amplitude was 5 mV. Figure 4 shows the Nyquist plots for the electrodes 
in a 0.1 M KCl solution containing 1 mM [Fe(CN)6]

4-/3-(1:1). 

From the Figure 4, it can be seen that the Ret for bare GCE was 
600 Ω (curve a GCE). After modification of SBA-15, the value of Ret 
significantly increased to 4230 Ω (curve b SBA-15/GCE), as a result 
of the existence of the mesoporous silica skeleton which has poor 
conductivity. After electropolymerization of Au nanoparticles on 
SBA-15 surface, the value of Ret immediately increased to 156.4 Ω, 
indicating that the introduction of AuNPs could improve electron 
transfer kinetics to a large extent in the self-assembly process of the 
sensor (curve c Au/SBA-15/GCE). After the introduction of transition 
metal ferricyanide (CoHCF), the value of Ret of the sensor was larger 
than that of Au/ SBA-15/GCE maybe the conductivity of CoHCF was 
weaker than AuNPs (curve d CoHCF/Au/SBA-15/GCE). 

Figure 5 showed the cyclic voltammograms obtained for differently 
modified electrodes in 1mM [Fe(CN)6]

3−/4− aqueous solution 
containing 0.1M KCl at scan rate of 100 mV·s−1. The CVs showed 
well-defined typical diffusion-limited patterns, The bare glassy carbon 
electrode (GCE) witnessed a pair of well-defined redox peaks with the 
anodic (Epa) and cathodic (Epc) peak potential of 0.159 V and 0.233 V, 
respectively, and a peak potential difference of 74 mV (Figure 5, curve 
a). These peaks could be definitely attributed to the redox behaviors 
of [Fe(CN)6]

3−/4−. The modification of SBA-15 on electrode surface 
induced a big decrease of peak current, which was invoked by the 
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Figure 1: Low-angle powder X-ray diffraction patterns of SBA-15 materials.
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Figure 2: SEM image (A) and TEM image of SBA-15(B).
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Figure 3: SEM image of bare GCE (A) and CoHCF/Au/ GCE (B).

Figure 4: Electrochemical impedance spectra of bare GCE (a), SBA-15/GCE(b), 
Au/ SBA-15/GCE (c) and CoHCF/Au/SBA-15/GCE (d).
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diffusion inhibition of [Fe(CN)6]
3−/4− to the electrode surface (Figure 5, 

curve b). The Au nanoparticles modification was convinced to increase 
the effective electrode surface area and the rate of electron transfer 
at the sensor, which was confirmed by an apparent increase in the 
voltammetric responses of [Fe(CN)6]

3−/4− than that of SBA-15 modified 
electrode (Figure 5, curve c). Nevertheless, the further assembly of 
CoHCF on the Au/SBA-15 modified electrode obviously decreased 
the peak current of [Fe(CN)6]

3−/4− as observed in curve d, which could 
be reasonable considering that the electron transfer [Fe(CN)6]

3−/4− to 
the underlying electrode surface was partially blocked. At the other 
extreme, indicating that CoHCF has been successfully immobilized 
onto the GCE modified with SBA-15. The results of the cyclic 
voltammetric experiments for differently modified electrodes were in 
good agreement with the results by impedance experiments.

Figure 6 shows the current responses obtained for the different 
decorated electrodes in o.1 mM catechol solution in a potential range of 
-0.3-0.5 V. The CVs showed the bare GCE (a) and SBA-15/GCE (b) had 
small redox current responses to catechol. While the current responses 
of Au/SBA-15/GEC (c), CoHCF/Au/SBA-15/GCE (d) and CoHCF/
Au/GCE (e) were all larger than that of Curve a, b, which indicated 
that the deposition of Au on the electrode surface could increase the 
electron transfer rate, enhance electrical conductivity and made the 
current signal large. As seen in Curve c and d, CoHCF showed good 
electrocatalytic activity toward catechol. Besides, CVs of CoHCF/Au/
SBA-15/GCE (d) and CoHCF/Au/ GCE (e) depicted that the decorated 
electrode showed larger current response to the catechol.

Electrodeposition processes of Au nanoparticles and cobalt 
hexacyanoferrate (CoHCF)

The electropolymerization of Au nanoparticles on SBA-15 surface 
was done by continuous potential cycling for 10 cycles in the range of 
0.0 V to 1.6 V. The continuous growth of Au nanoparticles exhibited 
two redox processs [36]. The results showed CVs obtained at SBA-
15/GCE in 0.2% HAuCl4 at scan rate of 120 mV·s-1 (Figure S2 in the 
supporting information). Two quasi-reversible redox waves were 
observed at SBA-15/GCE in the potential range of 0.0 V and 1.6 V. 
Both the redox peak currents and the peak-to-peak difference increase 
with increasing scan rates. It can be seen that the consequential increase 
of the redox peak currents when the potential scan rate is increased. In 
order to achieve appropriate AuNPs, scan rate of 50 mVs-1 was chosen 
for the immobilization of Au nanocomposites.

CoHCF was electrodeposited from the solutions containing 1.0 
mM CoCl2 solution, 1 mM K3[Fe(CN)6] and 0.1M KCl. Before the 
electrodeposition, CVs were recorded in K3[Fe(CN)6] at different scan 
rates to estimate the effective electrode area. The cyclic voltammograms 
showed that the deposition of CoHCF nanoparticles started at a 
potential where the reduction of [Fe(CN)6]

3- to Fe(CN)6
4- occurred, and 

then Co2+ reacted instantaneously with [Fe(CN)6]
4- to form CoHCF 

nanoparticles on the electrode surface (Figure S3 in the supporting 
information). Before the electrodeposition, the reversible peaks of 
the [Fe(CN)6]

3-/[Fe(CN)6]
4- system were recorded. Three well-defined 

reversible peaks were detected around 0.60 V. CoHCF was discovered 
to grow with each potential cycle, as revealed by the increasing of 
peak currents with each cycle. An apparent voltammetric change was 
observed in the deposition process of CoHCF. The redox peak currents 
of the electrode increase with increasing the segment number.

Optimization of experimental conditions

Effect of scan rate: The influence of potential scan rate on the 

Figure 5: Cyclic voltammograms of the bare electrode (a), SBA-15/GEC (b), Au/
SBA-15/GEC (c) and CoHCF/Au/SBA-15/GCE (d).
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Figure 6: CV curves of the bare electrode (a), SBA-15/GEC (b), Au/SBA-15/GEC 
(c), CoHCF/Au/SBA-15/GCE (d) and CoHCF/Au/ GCE (e) in 0.1mM catechol 
(pH=7.0).
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electrochemical behavior of catechol at GCE was studied [37] (Figure 
6A). The relationship between current (i) versus scan rate at the 
modified electrode was studied individually in the presence of 0.1 mM 
catechol. When the sensor was cycled between 20 and 180 mV·s-1, a 
linear relationship was obtained between the peak intensity Ipa and 
the scan rate v (Figure 6B), indicating that the oxidation of catechol at 
GCE is a adsorption controlled process. In addition, the anodic peak 
potential shifted to positive values with the scan rate increased and 
these results also confirmed that the oxidation reaction was irreversible.

Effect of pH: The effect of pH on the response of catechol at the 
sensor was investigated by recording the cyclic voltammograms in 
the range of -0.4-0.6 V at a scan rate of 100 mV·s-1. The anodic peak 
currents for catechol increased with the increase of pH from 4.5 to 7.0 
(Figure 7A) and reached a maximum value at 7.0. When the pH value 
is higher than 7.0, the peak current decreases rapidly. Within these pH 
ranges, the relationship between pH and the anodic peak potential was 
investigated (Figure 7B). It can be seen that the peak potential is shifted 
to less positive values as the pH of the solution increasing from 4.5 to 
8.0 for catechol. These results indicated that protons are participating 
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in the oxidation of catechol. The plot of Epa vs. pH showed a straight 
line. The equation for peak potential with pH for catechol is expressed 
as follows:

Epa=0.6433-0.058 pH (R=0.999)

The slope of ≈59 mV·pH-1 unit is indicative of single electron 
transfer processes involving one proton according to the Nernst 
relationship. 

Chronocoulometry studies of the GCE and modified 
electrodes

The electrochemical effective surface area for the bare GCE and 
CoHCF/Au/SBA-15/GCE can be calculated by the slope of the plot 
of Q vs. t1/2 obtained by chronocoulometry using [Fe(CN)6]

 3− as a 
model complex (the diffusion coefficient D of [Fe(CN)6]

 3− is 7.6 × 10-6 

cm2·s-1 [38]) The corresponding Q–t curves and Q-t1/2 plots were also 
performed and shown in Figure 8. This was according to the formula 
given by Anson [38] (1): 

adsdl QQtnFAcDtQ ++= 2/1

2/12/12)(
π

                                                             (1)

where A is the surface area of the working electrode, c is the 
concentration of substrate, D is the diffusion coefficient, Qdl is double 
layer charge which could be eliminated by background subtraction, 
and Qads is Faradic charge. Based on the slope of the linear relationship 
between Q and t1/2, A can be calculated to be 0.00116 cm2 and 0.00297 
cm2 for the GCE and CoHCF/Au/SBA-15/GCE, respectively (Figure 
8B). The results indicated that the electrode effective surface area 
was increased obviously after modification of the GCE with CoHCF/
Au/SBA-15/GCE, which could enhance the total adsorption capacity 
of catechol, leading to the increase of current response of catechol, 
decreasing the limit of detection (Figure 9).

Amperometric determination of CC at CoHCF/Au/SBA-15/
GCE

Figure 9 illustrates the real-time amperometric i-t curve of CoHCF/
Au/ SBA-15/GCE with successive addition of catechol to a continuously 
stirred PBS (pH=7.0) solution under optimized experimental 
conditions. Oxidation current was increased with increasing the 
catechol concentration. The maximum steady-state current of the 
sensor was achieved within 4 s. The result indicating that it is a fast 

Figure 8: Effect of pH on anodic peak current for 0.1mM catechol. Insert: 
dependence of anodic peak potential on pH.
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Figure 9: (A) Plot of Q–t curves for the GCE (a) and CoHCF/Au/SBA-15/GCE 
(b) in 0.1mM K3Fe(CN)6 solution containing 0.1mM KCl. (B)Linear relationship 
of Q–t1/2 on the GCE (a) and CoHCF/Au/SBA-15/GCE (b).
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Figure 7: (A) CV curves of 0.1mM catechol in 0.1M PBS (pH=7.0), containing 
0.1M KCl at different scan rates: 20, 40, 60, 80, 100, 120, 140, 160, 180 mVs-1. 
(B) Dependence of peak current on the scan rate.
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oxygen reduction reaction. The regression equation of linear current 
response with catechol concentration is i(µA)=0.44619c+0.00213 (µM) 
(R=0.999). The CoHCF/Au/SBA-15/GCE displays a linear response 
range from 3.0 × 10-7 to 5.1 × 10-5M of catechol with the detection limit 
of 5 nM (S/N=3). Conspicuously, the detection limits, sensitivity, and 
applied potential obtained in the present work exhibited comprehensive 
superior than other sensors were summarized in Table 1.

Reproducibility durability and selectivity of the modified 
electrode

Reproducibility of the catechol sensor was investigated with the 
measurement of the modified electrode in 4.83 × 10-6M target catechol 
solution. Three catechol sensors, made independently, showed the 
response current values of 5.05 × 10−6A, 4.98 × 10−6A and 5.17 × 10−6A 
with a relative standard deviation of 1.89% (n=3). A RSD 5.19% (n=6) 
can be obtained in the continuous determination of six times. The 
catechol in waste water was detemined based on the amperometric i-t 
curve (Table 2). It indicated that a satisfactory reproducibility could be 
obtained by this system. The stability of the modified electrode was also 
tested. No significant changes in cathodic and anodic peaks current 
were observed for more than 10 complete CV cycles. When a modified 
electrode was stored in the 0.1M PBS buffer solution (pH=7.0) for at 
least one week at 4°C, the electrode retained about 95.2% of its initial 
response.

Interference of coexisting substances and the practical sample 
analysis

The influences of common interfering species on the determination 
of catechol were investigated in the presence of 3.0 µM catechol with 
great details. Some common phenolic complexes and inorganic ions 
were tested to check their levels of interference in the determination 
of catechol (Figure 10). Interference was taken as the level causing 
an error in excess of 5%. It was found that most ions and common 
substances with high concentration, Na+, K+, Fe3+, Zn2+, Cu2+, NO3

-

, Cl-, SO4
2- and PO4

3-, Ca2+, Zn2+, Mg2+, Pb2+ did not interfere on the 
determination of catechol. 150 fold Lysine, cysteine, glucose citric acid, 
dopamine, ascorbic acid, uric acid, 100 fold p-aminophenol, phenol, 
1-nitroso-2-naphthol and 10 fold ortho-aminophenol produced a 
negligible change on the response currents of the sensor, indicating 
that the CoHCF/Au/SBA-15/GCE exhibits good selectivity for catechol 
detection (Figure 11).

Conclusion
In summary, a novel electrochemical sensor with an excellent 

current response for the catechol based on CoHCF/Au/SBA-15 film 
was prepared. The sensor showed a linear relationship of 3.0 × 10-7 to 
5.10 × 10-5M of catechol. Au nanoparticles and cobalt hexacyanoferrate 
(CoHCF) on the glassy carbon electrode (GCE) obviously improved 
the response characteristics of the catechol sensor. Results showed that 
the composite film has promising electrocatalytic activity toward the 
oxidation of catechol. High sensitivity, good selectivity, low detection 
limit, good repeatability and anti-interference ability, which have been 
verified by determination of catechol in waste water, made the proposed 
sensor show the promising practical application in environmental 
pollution test.
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Electrode Methods Linear range Detection 
limit(mol L-1) Reference

SiO2/C/Nb2O5 DPV 3.98 × 10-5-9.8 
× 10-4 0.8 × 10-6 [37]

Au/L-lysine/OMC-Au/
Tyr/GCE DPV 4.0 × 10-7-8.0 

× 10-5 2.5 × 10-8 [32]

Tyr/CoPc/CGCE i-t 3.0 × 10-6-8.63 
× 10-4 4.5 × 10-7 [38]

CoHCF/Au/SBA-15/
GCE i-t 3.0 × 10-7-5.10 

× 10-5 5 × 10-8 This work

Table 1: Comparison of the determination of catechol by different sensing 
methods.

Sample 
No

Detection 
(µmol/L)

Addition 
(µmol/L)

Found (µmol/L) Recovery 
(%)

1 1.0 1.0 1.93 96.5
2 2.0 1.5 3.38 96.6
3 1.5 1.5 2.89 96.3
4 5.0 4.5 9.84 103.6
5 1.7 2.0 3.82 103.2
6 9.0 5.0 13.87 99.1

Table 2: Analysis of catechol in waste water samples (n=6).

Figure 10: Amperometric response obtained on the CoHCF/Au/SBA-15/GCE 
upon successive addition of catechol at different concentrations to 0.1M PBS 
(pH=7.0) with applied potential at 0.15 V. Inset: calibration curves of the catechol 
sensor.

Figure 11: Current response histogram of 3.0 µM catechol and organic phenolics 
at CoHCF/Au/SBA-15/GCE.
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