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A simple and sensitive method was proposed for the simultaneous detection of paracetamol
(acetaminophen, PR) and 4-aminophenol (4-AP) based on bis-Schiff bases and their cobalt complexes
modified glassy carbon electrode. Bis-Schiff bases, namely 2,6-diaminopyridine-o-carboxyl
benzaldehyde (L1), 2,6-diaminopyridine-m-carboxyl benzaldehyde (L2), 2,6-diaminopyridine-p-
carboxyl benzaldehyde (L3) and their cobalt complexes (noted as C1, C2 and C3) were synthesized and
characterized by MS, IR, UV-Vis, fluorescence spectra and thermogravimetric analysis, which were
used for modification of glassy carbon electrode by electrodeposition method. The electrochemical
behaviors of PR and 4-AP on the modified electrode were studied by cyclic voltammetry. The results
showed C1 modified electrode exhibited excellent electro-catalytic activities, high selectivity and
sensitivity towards oxidation of PR and 4-AR than that of bare glassy carbon electrode, C2 and C3
modified electrodes. The corresponding differential pulse voltammetry (DPV) current signals appeared
as two well resolved oxidation peaks, with peak potential differences of 0.31 V (PR and 4-AR). For
simultaneous detection, linear responses for PR and 4-AR were obtained under optimal conditions in the
following concentration ranges: 5 to 30 pmol-L™, with detection limits of 1.86 and 2.08 umol-L?,
respectively. These results demonstrated that C1 modified glassy carbon electrode can be a promising
electrochemical sensor for electrocatalytic applications, which was proved to be applicable for
simultaneous detection of PR and 4-AR in paracetamol tablets.
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1. INTRODUCTION

Drugs can treat diseases, but also have adverse reactions to humans. The contents of active and
bad components of drugs can be obtained by drug analysis, which can improve the efficacy and safety
of drug use, and reduce the cost and risk of drug treatment [1,2]. Paracetamol, alias acetaminophen (PR),
which has been used as an analgesic for more than 30 years, is considered to be an effective antipyretic
for fever and pain in adults and children [3]. However, excessive accumulation of toxic metabolites of
PR may lead to severe or even fatal liver toxicity, pancreatitis and rashes [4]. 4-aminophenol (4-AP) is
the main hydrolytic degradation product of PR. Because of it’s nephrotoxic teratogenicity, 4-AP is not
allowed to exist in large quantities in drugs [5,6]. Therefore, it is necessary to determine 4-AP and PR
simultaneously.

So far, there have been several methods for simultaneous detection of PR and 4-AP, such as high
performance liquid chromatography (HPLC) [7,8], voltammetry [9], titration [10], capillary
electrophoresis [11], fluorescence spectrophotometry [12] and spectrophotometry [13,14]. However,
these methods are expensive, cumbersome and time-consuming. Owing to PR and 4-AP are electroactive
compounds, people have a keen interest in the development of chemically modified electrodes [15-20].
Wang and co-workers [4] used palladium/graphene oxide and gold nanoparticles as electron mediators
to prepare Au/Pd/rGO electrochemical sensors for the detection of acetaminophen and 4-aminophenol
in actual samples. The electrochemical sensor was found to have good electrocatalytic activity for the
redox of acetaminophen and 4-aminophenol. Poomrat and co-workers [17] used a graphene-polyaniline
as an electronic medium to modify a glassy carbon electrode to prepare a novel electrochemical droplet
microfluidic device with high active surface area and electrochemical conductivity, determination of
paracetamol and 4-aminophenol in the drug. Hayati and co-workers [21] prepared a modified glassy
carbon electrode using poly(2,2-(1,4-phenylenedivinylidene)bis-8-hydroxyquinaldine) as an electron
mediator, at the same time, acetaminophen and 4-aminophenol were detected in drugs and urine, and the
modified electrode was found to have higher selectivity to acetaminophen with excellent sensitivity and
stability. Yin and co-workers [22] prepared a modified glassy carbon electrode using gold nanoparticles
and sodium lauryl sulfate modified layered double hydroxide as an electron medium, and simultaneously
determined acetaminophen, dopamine and 4-aminophenol, the modified electrode was found to exhibit
excellent redox activity on the test substance. In addition, Yin and co-workers [23] used CdSe
microspheres as an electronic medium to prepare modified glassy carbon electrodes, studied the behavior
of phenacetin on the electrodes, and simultaneously determined acetaminophen and 4-aminophenol. It
was found that CdSe microspheres have excellent adsorption and catalytic ability, which can
significantly improve the electrochemical response of phenacetin, acetaminophen and 4-aminophenol,
in the presence of multiple substances. Leandro Yoshio and co-workers [24] prepared a microfluidic
paper-based electrochemical detection device that is inexpensive to produce, simple and sensitive, and
can simultaneously measure acetaminophen and 4-aminophenol. Tony and co-workers [25]
electropolymerized Patton and Reeder's on a carbon paste electrode and determined acetaminophen,
which was also undisturbed in the presence of 4-aminophenol.

The chemically modified electrode has the advantages of easy preparation, good sensitivity, high
chemical stability, large response signal, etc. It is an important means for food analysis [26], drug
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detection [27], water sample detection [28], etc. The Schiff bases and their metal complexes have good
antitumor, antibacterial, antioxidation and antiviral activities, and have good application prospects in the
fields of chemical catalysis, biomedicine, functional materials, food industry, and they also play an
important role in the field of electrochemistry [29-35]. Transition metal complexes, due to their variable
valence, can participate in electron transfer and redox processes, so they are often used as electronic
media for modified electrodes [36,37], it can improve the selectivity and sensitivity of electrochemical
detection. Kose and coworkers [38] synthesized two Schiff base compounds N,N-Bis (2-
methoxyphenylene)-1,5-diaminonaphthalene and N,N'-Bis (3,4,5-trimethoxybenzylidene) -1,5-
diaminonaphthalene, and the sensor properties of two Schiff base compounds was characterized by the
analytical and spectroscopic methods. Kumar and co-workers [39] synthesized a series of acyclic Schiff
base chromium Il and I complexes by microwave irradiation, and attempted to manufacture a novel
modified electrode based on the complexes for the determination of catechol. Shi and co-workers [27]
used solid-state carrier material carboxylic acid resin beads to prepare an immunosensor and successfully
detected diclofenac in actual water samples. Shiju and co-workers [28] synthesized the 4-amino
antipyrine derivative platinum complex Schiff base, and studied its biological activity, providing an
important method for the diagnosis and treatment of cancer in the medical community.

In this study, firstly, 2,6-diaminopyridine was used as the starting material, and anhydrous
ethanol was used as the solvent to react with o-carboxybenzaldehyde, m-carboxybenzaldehyde and p-
carboxybenzaldehyde to form 2,6-diaminopyridine-o-carboxyl benzaldehyde (L1), 2,6-
diaminopyridine-m-carboxyl benzaldehyde(L2) and 2,6-diaminopyridine-p-carboxyl benzaldehyde
(L3), respectively. Secondly, the above obtained products were reacted with cobalt acetate to form 2,6-
diaminopyridine-o-carboxyl benzaldehyde Bis-schiff base cobalt complex (C1), 2,6-diaminopyridine-
m-carboxyl benzaldehyde bis-schiff base cobalt complex (C2) and 2,6-diaminopyridine-p-carboxyl
benzaldehyde bis-schiff base cobalt complex (C3), respectively. Structure and properties of synthetic
bis-schiff base and their complexes characterized by MS, IR, UV-Vis, fluorescence spectra and
thermogravimetric analysis. The cyclic voltammetry tests of C1, C2 and C3 were carried out. It was
found that C1 showed the largest redox peaks, while C2 and C3 were not obvious. Therefore, the
modified glassy carbon electrode was prepared by electrodeposition using C1 as the electron media for
studying behavior of paracetamol (PR) and 4-aminophenol (4-AP) by cyclic voltammetry. The results
showed that the oxidation peak (anodic peak) of 4-AP and PR was significantly higher than that of bare
glassy carbon electrode. The method had been applied to the simultaneous detection of PR and 4-AP in
paracetamol tablets with satisfactory results.

2. EXPERIMENT

2.1. Reagents and materials

O-carboxy benzaldehyde was purchased from Shanghai Maclean Biochemical Technology Co.,
Ltd. Anhydrous ethanol was purchased from Chengdu Kelong Chemical Reagent Factory. 3-
carboxybenzaldehyde, 4-formylbenzoic acid, 2,6-diaminopyridine, cobalt acetate, tetrabutylammonium
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perchlorate, acetaminophen and 4-aminophenol were purchased from Aladdin Reagent (Shanghai) Co.,
Ltd. Acetic acid (36%), glacial acetic acid (99.5%), N,N-dimethylformamide, dimethyl sulfoxide,
dichloromethane, chloroform, sodium hydroxide, potassium chloride, sodium acetate, hydrochloric acid,
disodium hydrogen phosphate, soluble starch, sodium carbonate, sodium dodecyl sulfate, and sodium
dihydrogen phosphate dodecahydrate were purchased from Xigiao Chemical Industry Co., Ltd. Dextrin
was purchased from Guangdong Taishan Chemical Plant. All aqueous solutions were prepared with
milli-Q water.

2.2. Apparatus

Mass spectra were measured in an ESI+ mode at 150 V by APEX IV Fourier transform high
resolution mass spectrometer of Brooke Dalton Company, USA. The infrared spectrum was measured
in a range of 4000 to 400 cm™ by KBr compression by Shimadzu FTIR-8400 Fourier transform infrared
spectrometer. UV-Vis spectra were measured by Shimadzu UV-2450 UV spectrometer, test conditions:
DMF was used as a reference solution at room temperature, and the sample solution to be tested was
1x10*mol-L*. The F-4600 type Hitachi fluorescence spectrometer of Hitachi Hi-tech Company of Japan
was used to measure the fluorescence emission spectrum, test conditions: DMF was used as a reference
solution at room temperature, the sample concentration was 1x10** mol-L*, the slit of excitation light
and emission light was set to 5 nm, and the scan speed was 1200 nm'min*. The thermogravimetric
analysis was carried out by using STA-449 thermogravimetric analyzer of Nechi Company in Germany,
test conditions: control nitrogen gas flow rate was 100 mL-min?, heating rate was 10 °C-min?,
temperature range from 25 to 900°C. The surface morphology of the bare glassy carbon electrode and
2,6-diaminopyridine-o-carboxyl benzaldehyde bis-schiff base cobalt complex/glassy carbon electrode
were observed by a field emission scan electron microscope manufactured by Japan Hi-Tech Co.,
Ltd./Oxford, UK. All electrochemical tests were performed by using the CHI 760 electrochemical
workstation of Shanghai Chenhua Instruments Co., Ltd. For electrochemical tests, a three-electrode
system was used, with a modified glassy carbon electrode as the working electrode, an saturated calomel
electrode (SCE) electrode as the reference electrode, and the platinum wire electrode as an auxiliary
electrode, the supporting electrolyte was 0.1 mol-L ™! tetra-n-butylammonium perchlorate (TBAP).

2.3. Synthesis

2.3.1. Preparation of 2,6-Diaminopyridine Double Schiff Bases

2,6-diaminopyridine was used as starting material, which reacts with o-carboxy benzaldehyde,
m-carboxy benzaldehyde and p-carboxy benzaldehyde to form 2,6-diaminopyridine-o-carboxyl
benzaldehyde bis-schiff base, 2,6-diaminopyridine-m-carboxyl benzaldehyde bis-schiff base and 2,6-
diaminopyridine-p-carboxyl benzaldehyde bis-schiff base, noted as L1, L2 and L3 (Scheme 1),
respectively.
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Scheme 1. Synthetic routes of anions receptors L1, L2 and L3, C1, C2 and C3

2.3.2. Preparation of Cobalt Complexes

L1, L2, and L3 were reacted with cobalt acetate to form 2,6-diaminopyridine-o-carboxyl
benzaldehyde bis-schiff base cobalt complex, 2,6-diaminopyridine-m-carboxyl benzaldehyde bis-schiff
base cobalt complex and 2,6-diaminopyridine-p-carboxyl benzaldehyde bis-schiff base cobalt complex,
noted as C1, C2 and C3(Scheme 1), respectively.

2.3.3. Preparation of Schiff base cobalt complex modified electrode

(1) Polished glassy carbon electrodes (2 is 2 mm) onto the suede to the mirror surface with
different sizes of nano-alumina (0.03 and 0.1 um) powder, sonicated for 20 minutes in distilled water
and washed with distilled water. Dry in an oven at 50°C for 5 minutes.

(2) Cyclic voltammetry was used with a three-electrode system that the bare glassy carbon
electrode as the working electrode, the Ag/AgClI electrode as the reference electrode, and the platinum
wire electrode as the auxiliary electrode, and tetra-n-butylammonium perchlorate (TBAP) was added as
a supporting electrolyte, the potential range from -1.5 to 1.5 V, the electrodeposition rate was 50 mV-s
1 and the number of electrodeposition cycles was 20, 0.01 mol-L C1 in dimethyl sulfoxide (DMSO)
was deposited on the surface of the glassy carbon electrode, and the prepared electrode was dried at
room temperature for use.
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3. RESULTS AND DISCUSSION

3.1. Characterization of Schiff bases and their cobalt complexes

Fig.S1A, B, and C are mass spectra of L1, L2, and L3, respectively. It can be seen from Fig.S1A,
B, and C that the molecular ion peaks [M-COOH-OH+K]* of L1, L2 and L3 all appear at m/z 351.2,
which are formed by the loss of the carboxyl and hydroxyl groups and then binding to K* [40]. The
relative molecular mass of K is 39.1, all of the relative molecular masses of the analytes L1, L2 and L3
are 374.1, indicating that the relative molecular masses of L1, L2 and L3 are consistent with their
theoretical relative molecular masses of 373.1. The molecular ion peaks [M+H]" of L1, appears at m/z
374.1, this is consistent with the relative molecular mass 373.1 of the analyte.

Fig. S2A are the infrared spectrum of L1, L2, and L3. It can be seen from the figure that 771 cm"
s the C-H out-of-plane deformation vibration absorption peak of the benzene ring ortho-substitution
of L1, 757 cm™ is the C-H out-of-plane deformation vibration absorption peak of the benzene ring meta-
substitution of L2, and 1184 cm™ is the C-H in-plane deformation vibration absorption peak of the
benzene ring para-substituted of L3. The carboxyl C-O stretching vibration absorption peaks of the three
ligands appeared at 1268 cm™, 1252 cm™, and 1266 cm™, respectively. L1, L2, and L3 did not show
stretching vibration absorption peaks in the range of 3390~3170 cm™, indicating that -NH; does not
exist; there are no stretching vibration absorption peak in the range of 1750~1710 cm™, indicating that -
CHO is absent. L1, L2, and L3 exhibited C=N stretching vibration absorption peaks at 1646 cm™, 1647
cm?, and 1645 cm™, respectively, indicating the formation of schiff base structure, otherwise, L1 has a
carboxyl O-H in-plane deformation vibration absorption peak at 1401 cm™.

Fig.S2B are the infrared spectrum of C1, C2, and C3. The stretching vibration absorption peak
of C1 shifts to 1610 cm™, and the absorption vibration peak of the carboxyl O-H in-plane shifts to 1381
cm, which indicates that C=N and COOH participate in the coordination of metal cobalt ions. A new
absorption peak appears at 520-700 cm™, which can be attributed to the stretching vibration absorption
peaks of Co-O and Co-N [32,41]. The C=N stretching vibration absorption peaks of C2 and C3 were
respectively shifted to 1610 cm™ and 1605 cm™, indicating that C=N participates in the coordination of
metal cobalt ions. C2 and C3 have new absorption peaks at 520~700 cm™, which can be attributed to the
stretching vibration peak of Co-N, and new absorption peak appeared at 1422~1458 cm™, which can be
attributed to the characteristic absorption peak of acetate in the complex.

As shown in Fig.S3, the absorption peaks of C1, C2, and C3 corresponding to L1, L2, and L3 at
268 nm have undergone a red shift, shifting to 269 nm, 270 nm, and 271 nm, respectively, all of these
can be attributed to n-t* electron transitions of benzene rings. The absorption peaks of C1 corresponding
to L1 at 318 nm have undergone a red shift, shifting to 319 nm, the absorption peaks of C2 corresponding
to L2 at 323 nm undergone a red shift, shifting to 333 nm, and the absorption peaks of C3 corresponding
to L3 at 322 nm have undergone a red shift, shifting to 323 nm, all of these can be attributed to n-*
electronic transitions with benzene ring conjugated C=N [41]. The reason for the red shift may be due
to the transfer of electrons from the ligand to the metal ion (LMCT) during the molecule [6]. The new
absorption peak of the cobalt complex C1 at 398 nm may be due to the d-d transition inside the Co(lll)
octahedral field [41].
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As shown in Fig.S4, L1, L2, L3 have their fluorescent properties, which is due to the existence
of large conjugated 7 bonds in the schiff-base structure that easy emission fluorescence. The maximum
excitation wavelengths of L1, L2, and L3 were 318, 323, and 322 nm, and the emission wavelengths
were 370, 375, and 374 nm, respectively. The maximum excitation wavelengths of cobalt complexes
C1, C2, and C3 were 318, 270, and 271 nm, and the emission wavelengths were 456, 362, and 347 nm,
respectively.

Compared with the ligand L1, the cobalt complex C1 undergoes a red shift at the emission
wavelength and moved from 370 nm to 456 nm, because the coordination of the ligand increases the
conjugated structure, and the energy loss due to vibration and rotation of the excited molecule decreases,
resulting in total energy, the system is reduced and red shift occur[42]. Compared with the ligands L2
and L3, the cobalt complexes C2 and C3 exhibit blue shift at different degrees, the cobalt complex C2
undergoes a blue shift at the emission wavelength and moved from 375 nm to 362 nm, the cobalt complex
C3 undergoes a blue shift at the emission wavelength and moved from 374 nm to 347 nm. It may be due
to the coordination of the ligands with the metal ions, resulting in an increase in the HOMO-LUMO
energy level difference[43]. The fluorescent intensity of the cobalt complexes C1, C2, and C3 were
lower than that of the ligands L1, L2, and L3, it may be after the formation of cobalt complex, the center
ion cobalt ion has paramagnetism, and there is a jump between the first excited singlet (S1) and the first
excited triplet (T1), which leads to the loss of fluorescence energy and the decrease of fluorescent
intensity. The fluorescence intensity of these six compounds follows the order of L1>L3>L2,
C3>C2>Cl.

As can be seen from Fig.S5A, the weight loss rate of L1 before 77°C is only 2.7%, which is due
to the decomposition of residual solvent (anhydrous ethanol) in the double Schiff base, then the
thermogravimetric curve continues to decline, and L1 gradually decomposes. When the temperature
reaches 180°C, the skeleton collapses, and the final residual amount is about 48.3%, which may be due
to the carbon deposition effect caused by the high carbon content of L1 [44]. It can be seen from Fig.S5C
that before 320°C, the thermogravimetric curve of L2 is a platform, indicating that the double schiff base
does not decompose; as the temperature increases, the thermogravimetric curve drops sharply, and the
skeleton of L2 gradually collapsed, the final residual amount is 19.8%, which may be due to the carbon
deposition effect caused by the high carbon content of L2. Similarly, as can be seen from Fig.S5E, before
185°C, the thermogravimetric curve of L3 is a platform, indicating that the double schiff base does not
decompose; As the temperature rises, the thermogravimetric curve drops sharply, and L3 begins to
decompose gradually, the skeleton collapsed, and the final residual amount is about 9.3%, which may
be due to the carbon deposition effect caused by the high carbon content of L3. Comparing these three
substances, the order of thermal stability is L2> L3> L1.

As can be seen from Fig.S5B, with the temperature increases, the thermogravimetric curve of C1
falls, and the weight loss rate before 103°C is 4.2%, which is caused by the decomposition of the solvent
(water) remaining in the complex C1. The temperature continues to rise, and C1 begins to decompose
gradually. When the temperature reaches 349 °C, the skeleton begins to collapse, and the final residual
amount is about 16.3%, the residual material should be C0203[45].1t can be seen from Fig.S5D that
before 70°C, the thermogravimetric curve of C2 is a platform, indicating that the double schiff base did
not decompose, as the temperature increases, the thermogravimetric curve declines and the complex C2
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begins to decompose until the skeleton collapses. The final residual amount is about 11.8%, and the
residual material should be Co20s3. It can be seen from Fig.S5F that before 78°C, the thermogravimetric
curve of C3 is a platform, indicating that the complex does not decompose; As the temperature increases,
the thermogravimetric curve declines and the skeleton of complex C3 begins to collapse. The final
residual amount is about 35.1%, and the residual material should be Co20s. Comparing the thermal
stability of three Schiff base transition metal complexes, the order of thermal stability is C1>C2>C3.

3.2. Cyclic Voltammetric Characteristics of bis-schiff base cobalt complexes

It can be seen from Fig.1 that C1 exhibits a pair of obvious redox peaks, which oxidation peak
appeared near -0.8 V, the peak current was -108 pA, the reduction peak appeared near -0.7 V, and the
peak current was 54 pA, it was indicated that a quasi-reversible redox reaction occurs in C1, which was
attributed to electron transfer of oxidation-reduction pair of Co(111)/Co(l1). However, the redox peaks of
C2 and C3 were not obvious, the cyclic voltammetry behavior of the three cobalt complexes were
different, which may be due to the difference between the position of carboxyl group in bis-Schiff base
and the coordination mode of Co (II).

I/ mA

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

Figure 1. The CV curves of C1, C2 and C3 (The test conditions: the solvent was dimethyl sulfoxide
(DMSO), support electrolyte was 0.1 mol-L? tetra-n-butylammonium perchlorate (TBAP),
potential range from -1.5 to 1.5 V, and scan rate was 50 mV-s™?)

The smaller the peak potential difference, the larger the peak current and the better the
electrochemical performance [46]. The redox peak potentials difference of C1, C2, and C3 are 0.19, 0.11
and 0.33 V as calculated from Figure 1, respectively. The peak potential difference between C1 and C2
is similar, and the peak current C1 is much larger than C2, therefore, C1 was selected as modified
electrode.

The surface morphology of the bare glassy carbon electrode and the modified electrode were
examined by a S-4800 field emission scan electron microscope. The results were shown in Fig.2. The
surface of the pre-treated glassy carbon electrode (Fig.2A) is smooth, while the surface of the modified
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electrode (Fig.2B) has irregular granular substance, which further proves that the bis-Schiff base cobalt
complex has been electrodeposited on the glassy carbon electrode surface.

SUS000 15.0kV 10.4mm x2.50k SE(L) 20.0um | SUS000 5.0kV 6.2mm x2.00k SE(L) 20.0pm

Figure 2. Scan electron microscopy of different glassy carbon electrodes (A. Bare glassy carbon
electrode; B. C1 modified electrode)
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Figure 3. (A) CV curves of PR and 4-AP on different electrodes (a. Modified electrode; b. Bare GCE)(At
50 mV-s?, the cyclic voltammograms of 0.1 mmol'L* PR and 4-AP were detected
simultaneously in 0.1 mol-L* PBS solution (pH 7); (B) DPV curves of PR and 4-AP on modified
glassy carbon electrode(5 pmol-L™* PR and 5 umol-L™* 4-AP were detected simultaneously in 0.1
mol-L* PBS solution (pH 7)

Fig.3A and B shows a CV and DPV when the electrodeposition rate was 50 mV-s™, 0.1 mmol-L’
1 PR and 4- AP are simultaneously detected in a 0.1 mol-L* PBS solution (pH = 7) by using bare glassy
carbon electrode and modified electrode, respectively.

As shown in Fig.3A, the anode peak of the modified electrode is higher than that of the bare
glassy carbon electrode, indicating that the PR and 4-AP have a fast electron transfer process at the
modified electrode. It may be due to the presence of cobalt complexes with various oxidation states and
good electrochemical redox properties on the surface of the modified electrode [47]. In addition, there
are two anodic peaks and one cathodic peak in the curve, which indicates that there are different electrode
reaction processes. The electrode reaction process of PR on the modified glassy carbon electrode is
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irreversible and the electrode reaction process of 4-AP on the modified glassy carbon electrode is a
quasi-reversible. Before the modification, the oxidation peak potential of PR was 0.46 V, the peak
current was 14.5 pA, the oxidation peak potential of 4-AP was 0.16 V, and the peak current was 14.7
HA. After modification, the oxidation peak potential of PR was 0.46 V, the peak current was 22.5 A,
the oxidation peak potential of 4-AP was 0.16 V, and the peak current was 23.3 pA. The oxidation peak
separation of modified electrode was more obvious than that of bare glassy carbon electrode. The peak
potential difference between the two electrodes was 0.30 V, and the peak current was higher than that of
bare glassy carbon electrode, it shows the rapid electron transfer process of PR and 4-AP on the modified
electrode. The voltammetric response of PR and 4-AP is greatly improved on the glassy carbon electrode
modified by the double schiff base cobalt complex. The separation of the two oxidation peaks on the
modified electrode is significant enough to detect both PR and 4-AP. The modified electrode has two
peaks and enhanced peak current, exhibits good electrocatalytic activity, and has high selectivity and
sensitivity for simultaneous detection of PR and 4-AP.

From Fig.3B, two oxidation peaks appear in the curve, the peak shape is sharp and the peak
current is large, the oxidation peak of 0.38V belongs to PR, the peak current was 0.64 pA, the oxidation
peak of 0.07 V belongs to 4-AP, the peak current was 1.12 pA, the results show that the oxidation peak
of the modified glassy carbon electrode is well separated, and the potential difference between PR and
4-AP is 0.31 V, indicating that the modified electrode has a strong catalytic effect on PR and 4-AP, and
the sensitivity is high, which can be used for simultaneous detection of PR and 4-AP.

3.3. Optimization of preparation conditions and detection

(1) Effect of electrode deposit circulation of C1

According to the method shown in 2.3.3, changing the number of electrodeposition cycles (15,
18, 20, 22 and 25 turns), and prepare five cobalt complex modified electrodes.

As shown in Fig.S6, the current of the oxidation peak gradually increases with the increase of
the number of electrodeposition cycles. When 20 cycles of electrodeposition, the peak current reaches a
maximum value, and then as the number of electrodeposition cycles increases, the peak current
decreases. This is because with the increase of the number of electrodeposition cycles, C1 is continuously
deposited on the surface of the glassy carbon electrode, increases the surface area of the electrode and
promotes electron transfer, resulting in a gradual increase in the oxidation peak current. The current of
the oxidation peak decreases gradually after the number of electrodeposition cycles reaches 20 laps,
which may be due to the large thickness of the complex film, the larger resistance of electron movement
in the film, and the decrease of the transfer rate, which leads to the decrease of the current. Therefore,
the optimal electrodeposition number of the modified electrode prepared in this paper is 20.

(2) Effect of electrodeposition rate of C1

According to the method shown in 2.3.3, the electrodeposition rate was changed (50, 100, 150,
200 and 250 mV-s?), and five cobalt complex modified electrodes were prepared.

As shown in Fig.S7, the peak current was maximum at the electrodeposition rate of 50 mV-s™.
The current of the oxidation peak decreases with the increase of the electrodeposition rate. After that, as
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the electrodeposition rate continues to increase, the oxidation peak current gradually decreases. This is
because the electrodeposition rate affects the shape and thickness of the cobalt complex film. When the
electrodeposition rate is too large, the thickness of the cobalt complex becomes large and rough, resulting
in a decrease in the peak current. When the electrodeposition rate is less than 50 mV-s?, it takes a long
time to deposit cobalt complex on glassy carbon electrode with the same thickness. Thus it can be
obtained that the best electrodeposition rate was 50 mV-s™,

(3) Effect of pH values

In general, the involvement of protons is involved in the electrochemical process. Therefore,
different pH values of phosphate buffer solution (PBS) affect the electrochemical process of PR and 4-
AP [49,50]. The three-electrode system was used to study the electrochemical behavior of the cobalt
complex modified electrode that in different pH PBS buffer solution, the simultaneous detection
concentration is 0.1 mmol-L™* PR and 4-AP. The results are shown in Fig.S8. Test conditions: The
voltage range from -0.5 to 1.3 V, the scan rate is 50 mV-s™, change the pH of the PBS buffer solution
from 5 to 9 for the experiment.

As shown in Fig.S8, with the increase of pH, the peak potential moves negatively and the
oxidation peak current increases. When pH=7, the peak current was the highest for the detection of PR
and 4-AP, the separation of the two anodic peaks was obvious, and there was a good electrochemical
response. This may be because in the acidic medium, high concentration of H™ can react with PR and 4-
AP, which will reduce the adsorption amount of cobalt complex on the surface of the electrode, similarly,
high concentrations of OH™ will also reduce the amount of cobalt complexes adsorbed, so the peak
current becomes lower than at neutral pH (pH = 7) [47]. Therefore, the optimum pH condition for
simultaneous determination of PR and 4-AP at cobalt modified electrode was pH = 7. According to the
relationship between potential and pH, the relationship between the oxidation peak potential of PR and
4-AP and pH is shown in Fig.S8 insert (a) and (b), respectively. The relationship between the reduction
peak potential and pH is shown in Fig. S8 insert (c). The equation for PR can be expressed as Epa(V) =
0.81802-0.05265 pH, (R? = 0.98605), and the equation for 4-AP can be expressed as Epa(V) = 0.57636-
0.06146 pH, (R? = 0.989), the relationship between the reduction peak potential and pH of the two can
be expressed as Epc(V)= -0.4351+0.05224 pH, (R? = 0.989), the above expression clearly demonstrates
that protons are directly involved in the electrochemical redox process. According to the relationship
between the oxidation peak potential of PR and 4-AP and pH and the following formula, m/n can be
calculated.
dEp/dpH = 2.303mRT/nF,

Where m is the number of protons and n is the number of electrons[48]. When the redox reaction
occurs in PR, m/n is 0.89 and 0.88, respectively. When the 4-AP undergoes redox reaction, m/n is 1.04
and 0.88, respectively, which indicates that during the electrochemical redox process of PR and 4-AP. ,
the number of protons and electrons is equal. In addition, the change of PR and 4-AP oxidation peak
current with pH is shown in Fig. S9 (a) and (b), and the reduction peak current of the two changes with
pH is shown in Fig. S9(c).

(4) Effect of different scan rates

The electrochemical behavior of C1 modified electrode for simultaneous test 0.1 mmol-L* PR
and 4-AP at different scan rates were studied. The results were shown in Fig.S10. Test conditions: the
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voltage range from -0.5 to 1.3 V, the pH of the PBS buffer solution was 7, and change the scan rate 25,
50, 100, 150, 200 and 250 mV-s™ for experiments.

As shown in Fig.S10, keeping the other conditions constant, with the scan rate increasing, the
oxidation reduction peak potentials of PR and 4-AP are almost unchanged, the oxidation reduction peak
current of both PR and 4-AP increase, moreover, the oxidation peak potential moves in a positive
direction, and the reduction peak potential moves in a negative direction, it indicates that the redox
reversibility of PR and 4-AP got worse.

Taking the square root of the scan rate as the transverse coordinate and the current value of the
anodic peak as the vertical coordinate (Fig.S10 insert a), it can be seen that the oxidation peak current
of the PR increases with the increase of the scan rate, and the oxidation peak current is proportional to
the square root of the scan rate. The linear equation is lpa = 1.6350v*? -2.2108 (R? is 0.99775) and the
slope was 1.6350, indicating that the electron transfer process is controlled by diffusion. It can also be
seen from Fig.S10 insert b that the oxidation peak current of 4-AP increases with the increase of the scan
rate, the oxidation peak current is proportional to the square root of the scan rate. The linear equation is
lpa = 1.8383 v12-3.6405 (R? is 0.99691), with a slope of 1.8383, indicates that the electron transfer
process is controlled by diffusion [47]. When the scan rate is too large, the current is too large and the
baseline is unstable. At a scan rate of 100 mV-s™, the peak shape is stable, so the best scan rate is 100
mV-s=t.

3.4. Analytical determination of PR and 4-AP

Finally, DPV was used for simultaneous detection of PR and 4-AP. Because DPV is a more
sensitive technology than CV, it can eliminate the influence of background current. The range of
differential pulse voltammetry was -0.4 ~ 0.8 V, the increment is 0.004 V, the amplitude was 0.025 V,
the pulse width was 0.05 s, 0.1 mol-L sodium hydrogen phosphate and 0.1 mol-L™ sodium dihydrogen
phosphate (pH 7) are used as buffer solution.

3.4.1. DPV diagram of PR and 4-AP with different concentration

Keeping the 4-AP concentration constant at 1 pmol-L, and change the concentration of PR at 5
pmol-LL, 10 umol- L2, 15 umol- L2, 20 umol-L*and 30 pmol-L?, in a PBS solution at pH=7, differential
pulse voltammetric behavior of bis-Schiff base cobalt complex modified electrode was studied.
According to Fig.4, the oxidation peak current of PR increases with the increase of PR concentration.
The concentration of PR was used as the coordinate and the current value of the anode peak was drawn
in the vertical coordinate, the result was shown in Fig.4 insert(a), we can see that the oxidation peak
current of PR has a good linear relationship with it’s concentration in the concentration range from 5 to
30 umol-LL. The linear equation was Ipa = 0.034 C+0.536 (R? is 0.9904), the slope was 0.034, the noise-
signal ratio was 3, the detection limit was 1.86 pmol-L*[49].

Keeping the PR concentration constant at 1 umol-L?, and change the concentration of PR at 5
pumol-L%, 10 umol-L?, 15 pmol- L2, 20 umol-L*and 30 umol-L, in a PBS solution at pH=7, differential
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pulse voltammetric behavior of bis-schiff base cobalt complex modified electrode was studied.
According to Fig.4, the oxidation peak current of 4-AP increases with the increase of 4-AP
concentration. The concentration of 4-AP was used as the coordinate and the current value of the anode
peak was drawn in the vertical coordinate, the result was shown in Fig.4 insert(b), we can see that the
oxidation peak current of 4-AP has a good linear relationship with its concentration in the concentration
range from 5 to 30 pmol-Lt. The linear equation was lps = 0.02462C+1.03693 (R? is 0.9929), the slope
was 0.02462, the noise-signal ratio was 3, the detection limit was 2.08 umol-L™ [51-53].

2.0

(B) 30 pmol'L'I

[}

1.6

1

5 pmol-L~

1.21

1/ mA

Figure 4. DPV diagram of oxidation peak current of PR (A) and 4-AP (B) at different concentrations.
The test conditions: voltage range from -0.4 to 0.8 V, increment was 0.004 V, amplitude was
0.025 V, pulse width was 0.05 s, buffer solution was 0.1 mol-L* disodium hydrogen phosphate
and sodium dihydrogen phosphate solution (pH 7). (A) keep the 4-AP concentration constant at
1 umol-L?, and change the concentration of PR at 5 umol-L™%, 10 umol-L*, 15 umol-L*, 20
pumol-L*and 30 umol-L?, differential pulse voltammetry behavior of Schiff base cobalt complex
modified glassy carbon electrode in PBS solution with pH=7 was investigated. (From inside to
outside 4-AP were 5, 10, 15, 20 and 30 umol-L?, the insert was a graph of the oxidation peak
current of PR at different concentrations as a function of concentration.) (B) keep the PR
concentration constant at 1 pmol-L, and change the concentration of 4-AP at 5 pmol-L?, 10
pumol-L?, 15 umol-L?, 20 pmol-L? and 30 umol-L™?, differential pulse voltammetry behavior of
Schiff base cobalt complex modified glassy carbon electrode in PBS solution with pH=7 was
investigated.(From inside to outside PR were 5, 10, 15, 20 and 30 pmol-L?, the insert was a graph
of the oxidation peak current of 4-AP at different concentrations.)

Table 1 lists the simultaneous detection of acetaminophe and 4-aminophenol by different
chemically modified electrodes. It can be seen from the table. It can be seen from the table that the
chemically modified electrode used in this experiment simultaneously detects PR and 4-AP, and has a
relatively low detection limit (PR for 1.86 uM, 2.08 uM for 4-AP), indicating that the double Schiff base
cobalt complex modified by this experiment has relatively high sensitivity to PR and 4-AP, the double
Schiff base cobalt complex modified electrode is expected to be applied to detect other substances.
Table 1. Comparison of chemically modified electrodes for simultaneous detection of Acetaminophen

and 4-aminophenol
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Electrode Detection . i
. Analyte . Linear range Correlation | References
material Limit
Palladium-
alladium _ 1-250 M,
Reduced Graphene | Acetaminophen, | 0.30 uM, 1-300 uM 0.9957, (4]
Oxide with Gold 4-aminophenol 0.12 yM H 0.9962
Nanoparticles
Droplet-based .
Microfluidics 4-aminophenol | 15.68 uM 50-500 uM 0.9972 [17]
Gold
Nanoparticles .
Acetaminophen, 0.9972,
AuUNPs) and a . 0.13 uM 0.5-400 uM 22
(AUNPs) 4-aminophenol H H 0.9973 [22]
Layered Double
Hydroxide Sodium
CdSe Acetaminophen, 0.9993,
. . 0.1uM 0.5-800 uM 23
Microspheres 4-aminophenol H H 0.9958 [23]
aper-based
Eﬂgroﬂui | Acetaminophen, | 25.0uM, | oo 0.999, 4
. 4-aminophenol | 10.0 uM R 0.999
device
Poly(Patt d .
oly(Pattonand |\ - taminophen | 053uM | 0.7-100 uM 0.9941 [25]
Reeder’s) reagent
Bis-schiff Base Acetaminophen, | 1.86 uM, 530 UM 0.9904, this work
Cobalt Complexes | 4-aminophenol 2.08 uM H 0.9929

3.4.2. Stability of modified electrode

The modified electrode was prepared and subjected to CV. Test conditions: The potential range
from-1.5 to 1.5 V, the scan rate was 50 mV-s™, and the number of scan circle was 20. The test result is
shown in Fig.S11.

Fig.S11 showed that the CV curves become more stable with the increase of the number of scan
cycles during the scan process, indicating that cobalt complexes have been electrodeposited on the
surface of glassy carbon electrodes. A pair of obvious redox peaks appear in Fig.S11, the peak potential
of the oxidation peak was -0.58 V, and the peak potential of the reduction peak was -0.88 V. which can
be attributed to the electron transfer of Co(IIl)/Co(II) redox electric pair with a potential difference of
0.29 V, it showed that the electrode reaction process has poor reversibility.

The prepared cobalt complex modified electrode was placed at room temperature, placed in the
air for a week, under the optimal detection conditions of the voltage range from -0.5to 1.3 V and the
scan rate of 100 mV-s™, the PR and 4-AP solutions were measured 5 times in parallel by CV, and the
peak current of oxidation peak was not significantly changed (less than 5%). It indicates that the
electrode has good stability.
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3.4.3. Interference studies

In this test, the control error range was within £ 5 % under optimal detection conditions, some
inorganic ions and organic compounds commonly found in paracetamol were investigated and the effects
of 10 pumol- L™ PR and 4-AP solutions were determined simultaneously. The results were shown in Table
S1. From Table S1, we can see that the common excipients in the drug do not interfere with the
simultaneous determination of PR and 4-AP.

3.5. Actual sample analysis

10 mL paracetamol tablets (0.3 g PR/tablets) were first prepared and tested by DPV for 5 times.
The results are shown in Table S2. The relative standard deviation (RSDs) was 4.92%, which indicates
that the method has high precision. 10 mL tablet solution, 15 umol-L™* PR and 25 umol-L™* 4-AP solution
were reconfigured and added to 10 mL tablet solution to perform a standard recovery test, the results
were shown in Table S2. The recovery rate of PR was 98.7%~101.2%, and the recovery rate of 4-AP
was 98.4%~101.6%. The recovery test shows that the method has high accuracy. The cobalt complex
modified electrode developed was feasible for simultaneous determination of PR and 4-AP in drugs.

4. CONCLUSION

In conclusion, the 2,6-diaminopyridine-based bis-Schiff bases and their cobalt complexes were
synthesized which have certain fluorescence and thermal stability, and used for modificaiton of
electrode, the as-prepared electrode was carried out for PR and 4-AP simultaneous detection in the
tablets. The method is simple and low-cost, showing high sensitivity and high recovery rate for PR and
4-AP in tablets. The results demonstrated that the prepared chemically modified electrode can be used
for the detection of PR and 4-AP in actual drug samples, and the precision and accuracy of the method
are satisfied.
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Figure S2. Infrared spectra of Schiff base L1, L2 and L3 (A) and their metal complexes C1, C2 and C3
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Figure S3. The UV-Vis spectra of Schiff base L1, L2 and L3(A) and their metal complexes (C1, C2 and
C3(B); DMF or H,0 as reference solution, the concentration of sample solution was 1.0x10®° mol-L™.
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Figure S4. Fluorescence spectra of Schiff base L1, L2 and L3 (A) and their metal complexes C1, C2
and C3 (B); DMF or H20 as reference solution, the concentration of sample solution was 1.0x10° mol-L-
1
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C3)



Int. J. Electrochem. Sci., Vol. 14, 2019 7196

I/ mA

1.2 1.0 08 06 04 02 0.0 -0.2 -04
E/V
Figure S6. Cyclic voltammograms measured simultaneously under different number of
electrodeposition circles; the electrochemical behavior of cobalt complex modified glassy carbon

electrode was studied by using C1 modified glassy carbon electrode as a working electrode, Ag/AgCl
electrode as a reference electrode and platinum wire electrode as a auxiliary electrode. Test conditions:

electrodeposition rate was 50 mV-s™, scan rate was 100 mV-s™, potential range from -0.5to0 1.3 V. (a—
e: 15, 18, 20, 22, 25 circles)

I/ mA

"20 v ] T T T T
1.0 0.5 0.0 -0.5
E/V

Figure S7. Cyclic voltammograms simultaneously measured at different electrodeposition rates.Test
conditions: potential range from -0.5 to 1.3 V, scan rate was 100 mV-s™. (a—e: 50, 100, 150, 200, 250
mV-s?)
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Figure S8. Cyclic voltammograms of modified electrodes in PBS buffers with different pH. Test
conditions: potential range from -0.5 to 1.3 V, scan rate was 50 mV s?, pH value a—e: pH 5, 6, 7, 8, 9.
The insert (a) is the effect of pH on the oxidation peak of PR, the insert (b) is the effect of pH on the
oxidation peak of 4-AP, and the insert () is the effect of pH on the reduction peak current of PR and 4-

AP.
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Figure S9: (a) The effect of pH on the oxidation peak current of PR; (b) The effect of pH on the oxidation
peak current of 4-AP. (c) The effect of pH on the reduction peak current of PR and 4-AP.
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Figure S10. Cyclic voltammograms simultaneously measured at different scan rates. Test conditions: the
voltage range from -0.5 to 1.3 V, pH of PBS buffer solution was 7, change the scan rate to test. (From
inside to outside were 25, 50, 100, 150, 200, 250 mV-s™) ; the inset (a) was the relationship between

the oxidation peak current of PR and v/2, the inset (b) was the relationship between the oxidation peak
current of 4-AP and v*2,
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Figure S11. Cyclic voltammogram of modified electrode prepared by C1; C1 was dissolved in dimethyl

sulfoxide (DMSO) and configured into 0.01 mol-L™* solution. Test conditions: potential range from -1.5
to 1.5 V, scanning rate was 50 mV-s*, number of scans was 20.

Table S1 Interference experiment of inorganic ions and organic compounds in paracetamol tablets on
simultaneous determination of PR and 4-AP

Substance Multiple (mass ratio) Relative error
Sodium dodecyl sulfate 50 4.1%
Starch 50 36%
Na.COs3 100 4.6 %
CaCl; 50 4.3 %
Dextrin 50 4.2%

Table S2 The results of PR and 4-AP in paracetamol tablets

Recovery (%

Sample Detected (WM)  Rgp Added (uM) Found (uM) )
> PR 4-AP () PR  4-AP PR 4-AP PR 4-AP
1 10.1 0 15.0 25.0 25.4 24.9 101.2 99.6
2 9.6 0 15.0 25.0 24.8 24.7 100.8 98.8
3 10.0 0 4.92 15.0 25.0 24.7 25.1 98.8 100.4
4 9.8 0 15.0 25.0 24.9 24.6 100.4 98.4
5 8.9 0 15.0 25.0 23.6 254 98.7 101.6
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