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In this study, a novel graphite (GR)-doped polyimide (PI) film was fabricated for the determination of
catechol (CC). The electrocatalytic oxidation of CC in a mild aqueous medium was investigated. Under
optimized conditions, the linear range of CC is from 0.1 to 10 mM with a detection limit of 11.3 uM.
The electrode exhibited extremely high stability, and it maintained 95% of its initial activity after six
months in storage. In addition, the GR/PI film sensor showed excellent selectivity, good sensitivity and
wide linear range. The results show that polyimide film can be used as a suitable sensor for catechol,
expanding a new application for polyimide films on flexible electric devices.
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1. INTRODUCTION

Catechol is a phenolic derivative that is widely used in agricultural chemicals, industry, medicine,
pharmaceuticals, dyes, foods, photography, cosmetics, etc. [1, 2]. Because of the high toxicity and low
degradability of catechol, it is very harmful to both human health and the environment. For this reason,
much research has been performed on the development and exploitation of the rapid and accurate
monitoring of phenol derivatives.

Among various detection techniques such as high-performance liquid chromatography [3],
capillary electrochromatography [4], spectrophotometry [5], flow injection analysis [6] and
electrochemiluminescence [7], electrochemical analysis has been widely used in the determination of
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target analytes due to its low cost, rapid response and ease of operation [8-11]. Nonenzymatic
electrochemical detection is a powerful and effective method for the determination of phenolic
compounds due to the ease of denaturation and sensitivity to the environment of the enzyme-based sensor.
Numerous materials were applied to fabricate nonenzymatic sensors including carbon nanotubes [12,
13], graphene oxide [14-16], metal and metal oxide [17-19].

Polyimide (PI) is an ideal polymer material because of its excellent chemical and physical
stability. It is highly insulating. Usually, P1 is widely used in the semiconductor industry for passivation
and dielectric layers [20]. With the increasing demand for flexible electric devices, Pl is a good candidate
among various polymers. In this work, a sensor based on graphite (GR)-doped polyimide film was
fabricated for the sensitive detection of catechol in a mild aqueous electrolyte. It showed sufficient long-
term stability and maintained 95% of its initial activity after six months in storage. In addition, it also
showed excellent selectivity, sufficient sensitivity and good linear range.

2. EXPERIMENTAL

2.1. Reagents and Materials

Catechol (CC), hydroquinone (HQ), p-cresol, phenol, hydrogen peroxide (H202), sodium
hydroxide (NaOH), N, N’-dimethylacetamide (DMAc), phosphoric acid, glacial acetic acid and boric
acid were purchased from Sinopharm Chemical Reagent Co., Ltd., China. Graphite, diamine, and
dianhydride were obtained from Sinosteel Anshan Research Institute of Thermo-energy Co., Ltd., China.
The electrolyte was prepared for the acidic solution with 0.1 M Britton-Robinson buffer (BR, prepared
by mixing 0.1 M phosphoric acid, 0.1 M glacial acetic acid and 0.1 M boric acid). The neutral and
alkaline solutions were adjusted by blending the ternary-acid mixture and 0.1 M NaOH. All other
chemicals were of analytical grade and were used without further purification.

2.2. Apparatus

Cyclic voltammograms (CVs) and amperometric i-t curves were performed with a CHI 750D
workstation (Shanghai Chenhua, China). A conventional three electrode system with a Pl film as the
working electrode, a thin Pt wire as the counter electrode and Ag/AgCl (sat. KCI) as the reference
electrode was employed in this study. Twenty milliliters of 0.1 M BR buffer was used as the electrolyte
solution. All measurements were performed in air at a room temperature of approximately 20°C.

2.3 Preparation of polyimide film

Thirty milligrams of diamine was dissolved into DMAc and stirred for 30 min at room
temperature, and then 10 mg of graphite powder was added to the solution within 30 min while stirring.
Finally, 30 mg of dianhydride was added to the flask in batches during a 3 h period while stirring. Then,
a high viscosity polyamide acid solution was obtained. After filtering and soaking in vacuum for 12 h,
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the diluted solution was coated onto a clean, flat glass plate. Furthermore, the glass plate was placed into
an oven and roasted from 60°C to 100°C at 10°C /min, and the temperature was maintained at 120°C for
12 h. Finally, a black conductive polyimide film was made, where graphite powder accounted for 5%-
20% of the file quality. The GR/PI film was cut to 10 cm X 0.5 cm in size to use as a working electrode.

3. RESULTS AND DISCUSSION

3.1. Characteristics of graphite doped polyimide film (GR/PI)

—— 1cm

Figure 1. Images of PI (A) and GR/PI (B)

Fig. 1 shows the overview images of a PI film (A) and a GR/PI film (B) using a camera. Both
images show smooth surfaces. After doping with graphite, the film turned black and still maintained a
smooth surface. The high uniformity demonstrates that graphite powder was doped into PI and
distributed homogeneously, which is effective for the high electrocatalysis of catechol. The
characteristics of the GR/PI film were also checked. The tensile strength of GR/PI is 140-160 Mpa. It
shows 40%-60% elongation at the breaking point. The modulus of elasticity is 2.0-2.2 Gpa.

3.2. Electrochemical properties of the GR/PI film
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Figure 2. (A) CVs of PI and GR/PI in the presence of 0.5 mM CC. (B) CVs of GR/PI in different
concentrations of CC (0-5 mM). pH 7.0. The starting potential is O V. The scan rate is 50 mV/s.
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To confirm the electrocatalytic activity of GR/PI film toward CC, we measured CVs in the
presence of CC by using 2 electrodes. As Fig. 2A shows, PI shows no response to CC, which is consistent
with the insulating characteristic of polyimide, while graphite powder-doped PI (Fig. 2B) shows a good
response to CC. Large anodic current appeared from +0.2 Vto +0.7 V for GR/PI. With increasing CC
concentrations, GR/PI shows a good linear response range.
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Figure 3. (A) Effect of pH on anodic current in 0.5 mM CC. The applied potential is +0.6 V. (B) The

effect of the applied potential on steady-state anodic current in 0.5 mM CC (blue) and in the
background current (red). pH 7.0.

To obtain the best operational conditions for the GR/PI film, the pH dependency of the electrolyte
and the applied potential were optimized in aqueous solutions through amperometric curves for the
determination of CC. The effects of pH from 3 to 9 on the anodic current were studied and the results
are shown in Fig. 3A. The amperometric response toward CC increased gradually from 3 to 8 and
reached a plateau at pH 9. The GR/PI electrode can detect CC in the mild pH region. This is a very
positive result that indicates environmentally friendly detection is possible. The responses of CC toward
the applied potential effect were also checked. The amperometric response of 0.5 mM CC increased with
increasing potential from +0.2 V to + 0.6 V (Fig. 3B blue dot). Because the baseline increased

substantially by increasing the potential (Fig. 3B red dot), the response current decreased when the
applied potential was higher than +0.6 V.
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Figure 4. (A) Amperometric response to 0.5 mM CC by GR/PL. The inset is the linear part of the CC
concentration response to current. (B) Steady-state anodic current response of the GR/PI for

successive additions of different concentrations of CC (inset is an enlargement of the lower
concentration region).
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Fig. 4 shows a typical current-time response of GR/PI film to successive additions of CC under
air-saturated PBS (pH 7.0) and stirring. It showed a linear range for catechol from 0.1 to 10 mM, with
the regression equation [=3.8176C + 0.2971 and a correlation coefficient of 0.9997. The detection limit
(LOD) is 11.3 uM (S/N=3). Compared with other CC-based sensors shown in Table 1, the present

sensor is comparable, especially considering the excellent conductivity and extremely long lifetime [21-
25].
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Figure 5. (A) Amperometric currents of the GR/PI film for successive additions of 0.5 mM CC and the
same concentration of other interferences. (B) The lifetime length of GR/PI film on the detection
of 0.5 mM of CC. (Applied potential +0.6 V vs. Ag/AgCl, pH 7.0)

Selectivity is an important factor for evaluating the performance of sensors [26]. The
interferential experiment of GR/PI film was performed to understand the selectivity of the sensor. The
typical amperometric responses on successive addition of 0.5 mM of CC and the same concentration of
interferences (phenol, HQ, p-cresol, H>Oz) under the same operational conditions were measured. As
shown in Fig. 5A, there are no obvious responses from these four compounds. Usually, these species are
easily oxidized in the positive potential region. It can be speculated that the permeability of the PI film

hindered the pathway for these species. The results are very valuable and encouraging for real sample
determination.

Table 1. Summary of the H>O» sensors reported in the literature.

Electrode material LES;a;IrEr_llg)e (urIrJl(())I]?_'l) Ref
Ti02/MWCNTs/GCE 2.5-200 0.8 21
GQDs/GCE 4-600 0.4 22
AuNPs/Fe;04-APTES-GO 2-145 0.8 23
LRG/GCE 3-300 0.4 24
CNCs-RGO/GCE 1-300 0.4 25
GR/PI film 100-10000 11.3 This work

MWCNTs: multiwall carbon nanotubes; GCE: glassy carbon electrode; GQD: graphene quantum dots;
AuNPs: Au nanoparticles; APTES: 3-aminopropyltriethoxysilane; GO: graphene oxide; LRG: reduced
graphene; CNCs: carbon nanocages; RGO: reduced graphene oxide



Int. J. Electrochem. Sci., Vol. 14, 2019 2002

3.3 Reproducibility, repeatability and long-term stability

The reproducibility and repeatability of the GR/PI film was evaluated. The film-based sensor
exhibited good repeatability with a relative standard deviation (RSD) of 1.5% for 10 successive
measurements of 0.5 mM CC. The polymer sensor has excellent storage stability. Even after six months
of storage in air conditioning, the sensor retained 95% of its initial current response. The good stability
exhibited by polyimide suggests it can be used as a reliable, and long-term sensor (Fig. 5B).

3.4 Application of the modified electrode

Table 2. GR/PI film applied to drinking water

. Added Found
Detection (uM) © oun RSD  Recovery

@M) @M (%)
1 Not found 50.0 52.1 2.8 104.2
2 Not found 100.0 96.5 32 96.5
3 Not found 200.0 206.0 3.9 103.0

To evaluate the practical application of GR/PI films, drinking water was checked to determine
CC in our lab. The results are shown in Table 2. The film recovers well from 96.5 to 104.2%, with an
RSD% less than 3.9. The results identified that the sensor can be used to detect real samples.

4. CONCLUSION

A GR/PI film-based sensor exhibited good -electrocatalytic activity for the oxidation
determination of catechol. It has an acceptable linear range from 0.1 to 10 mM, with a detection limit of
11.3 uM. The presented sensor has the advantages of excellent long-term stability and high conductivity.
It maintains 95% of initial activity after six months of storage. In addition, the present sensor also has
excellent selectivity for the determination of CC. Further study will be performed on the practical
application of polyimide for the detection of other compounds, which would be useful for flexible
electric device fabrication methodology.
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