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Abstract: ZnO crystals were synthesized by a hydrothermal decomposition process in 

the presence of poly(vinylpyrrolidone) as the surfactant, then characterized by 

scanning electron microscopy and X-ray diffraction. The composites of flowerlike 

ZnO combined with poly(p-aminobenzene sulfonic acid) (p-ABSA) were 

immobilized on a glassy carbon electrode for constructing a sensitive electrochemical 

sensor. The electrocatalytic response to PHZ on the prepared sensor was measured 

using cyclic voltammetry and differential pulse voltammetry (DPV) in PBS buffer 

(pH 8.0). The fabricated sensor was successfully used for the detection of 

promethazine hydrochloride (PHZ) in a 0.10 M
 
phosphate buffer solution (PBS) at pH 

8.0. Under optimal conditions, the linear concentration range of PHZ obtained at 

p-ABSA/ZnO composite film using DPV technique was 0.01 µM to 59.84 µM (R = 

0.997) and the detection limit was 0.004 µM at S/N = 3. Furthermore, the prepared 

sensor displayed voltammetric responses with excellent reproducibility, high 

sensitivity and stability for PHZ. Therefore, the p-ABSA/ZnO composite film has 

become a promising application for quantitative determination of PHZ. 

Keywords: Flowerlike ZnO · Poly(p-aminobenzene sulfonic acid) · Promethazine 

Hydrochloride · Electrochemical sensor 
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1 Introduction 

  Recently, the use of different nano-sized metal and semiconductor materials for the 

design of sensors and biosensors has received considerable attention due to the fact 

they have chemical, physical and electronic properties that are different from those of 

bulk materials.
1,2

 Among these nanostructured materials, more and more attention was 

paid to metal oxide semiconductors in bioanalytical area as they possess properties 

like high surface area, non-toxicity, ease of fabrication, optical transparency, chemical 

stability.
3
   

  ZnO crystals as a versatile semiconductor nano-material have great prospective 

application in biosensors due to their biomimetic feature.
4 

The research results 

revealed that the morphology and structure of nano-materials have important effects 

on their properties, which determines their applications in many fields. Lots of ZnO 

nanostructures have attracted considerable interest in biosensor applications due to 

their distinguished performance, such as needles grown on the annealed nanotubes 

using hydrothermal method,
5 

forks used for rapid and ultrahigh sensitive 

determination of hydrogen peroxide (H2O2),
6
 porous nanosheets for the detection of 

H2O2 and NaNO2 sensitively,
7
 flowers synthesized through a wet chemical route, then 

combined with horseradish peroxidase which displayed an enhanced electrocatalytic 

activity towards the reduction of H2O2 and nanorods for detection of phenolic 

compounds.
8,9 

  However, metal nanoparticle suspensions are unstable in solution which inhibits 

their applications due to their irreversible aggregation over time. Certain catalytically 
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 4

active metal particles supported by some conducting polymers have overcome this 

difficulty and fulfilled several functions, which may be due to that conducting 

polymers have good stability, reproducibility, more active sites and homogeneity. 

Conducting polymer and nanoparticles (NPs) composites have already been reported 

in the literature, such as PTH/AuNPs/HRP for detection of H2O2,
10  

PPy/Au which 

has greater conductivity and better stability than PPy,
11

 GR-TiO2/PABSA used for 

simultaneous electrochemical determination of dopamine and tryptophan,
12

 

SiW12/CNTs/PAn for the sensitive amperometric determination of ascorbic acid
13

 and 

PAMAM/Fe3O4 for determination of bisphenol A.
14 

 

  Promethazine hydrochloride(N,N-dimethyl-1-phenothiazin-10-yl-propan-2-amine 

hydrochloride) (PHZ) is a prominent compound in the large group of phenothiazine 

derivatives widely used for its antihistaminic, sedative, antipsychotic, analgesic and 

anticholinergic properties.
15,16

 However, adverse effects caused by PHZ in humans 

have also attracted enormous attention, such as cardiac, reproductive alterations, 

endocrinal, occasional hypotension and so on.
17 

Therefore, its determination in 

commercial formulations is extremely important. Up to now, many analytical 

techniques have been reported for the determination of PHZ, such as 

chemiluminescence,
18 

high performance liquid chromatography,
19,20

 capillary zone 

electrophoresis.
21

 However, most of these methods are complicated, time consuming 

and also require expensive instrumentation. Recently, electroanalytical techniques 

have been employed to determine PHZ, since they are simple, cost little, and require 

relatively short analysis times. 
22,23 
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 5

  In this work, ZnO crystals with flowerlike structure have been synthesized using 

PVP as surfactant through the hydrothermal method. A novel composite material 

which combined p-ABSA with flowerlike ZnO was constructed on the surface of 

GCE to form a biosensor for the determination of PHZ. Based on the excellent 

synergistic effect between ZnO and p-ABSA, the biosensor exhibited attractive 

performances in that it enhanced significantly the oxidation peak current of PHZ and 

lowered the oxidation potential. 

 

2 Experimental    

2.1 Reagents and apparatus 

  Promethazine hydrochloride was purchased from Sigma. A promethazine stock 

solution was prepared by dissolving suitable amounts of promethazine hydrochloride 

in ultrapure water and stored in a refrigerator at 4°C. Standard solutions were then 

prepared from this stock solution by serial dilution as required. Para-aminobenzene 

sulfonic acid was purchased from Wulian Chemical Industry Factory (Shanghai, 

China). The buffer solutions were prepared from 0.10 M Na2HPO4 and NaH2PO4 

aqueous solution. Other chemicals were of analytical grade and used without further 

purification. Ultrapure water was used throughout the experiments. All the 

experiments were carried out at room temperature. 

  All electrochemical measurements were performed with a CHI 660A 

electrochemical work station (Chenhua Instruments Co., Shanghai, China). A 

conventional three-electrode cell was used, including glassy carbon electrode 

(diameter 3 mm) as the working electrode, Ag/AgCl electrode with saturated KCl as a 
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reference electrode and platinum (Pt) wire as the counter electrode. The scanning 

electron microscope (SEM) image was obtained on S-4800 field emission scanning 

electron microanalyser (Hitachi, Japan). Powder X-ray diffraction (XRD) of ZnO was 

carried out on a Shimadzu XRD-6000 X-ray diffractometer operating with Cu-Ka 

radiation (λ=0.154060 nm), employing a scanning rate of 0.02°s
-1

 
 
and 2 θ ranges 

from 20°to 70°. 

 

2.2 Preparation of ZnO crystals 

  In a typical synthesis, 0.21 g Zn(Ac)2.2H2O was mixed with 5.0 M NaOH under 

ultrasonicating condition, resulting in a transparent [Zn(OH)4]
2-

solution. Then, 0.2 g 

PVP was added into above solution followed by constant stirring. The mixture was 

put into a Teflon lined steel autoclave and heated at 180 °C for 13 h. When the 

product was cooled down to room temperature, it was isolated by centrifuge, washed 

several times with ethanol and distilled water, and then dried at 100 °C. 

 

2.3 Preparation of modified electrodes 

   A glassy carbon electrode was mirror polished on chamois leather with Al2O3 

slurry, and cleaned thoroughly in an ultrasonic cleaner with nitric acid solution, 

alcohol and water, respectively. The GCE was coated with 5 µL of the resulting 2.8 

mg/mL ZnO suspension and allowed to dry under infrared lamp for 2 min. Then, the 

ZnO modified GCE was treated in p-ABSA solution (2 mM) and 0.10 M phosphate 

buffer solution (pH 7.0) by cyclic voltammetry between −1.2 and 2.4 V at 100 mV s
-1
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for eight cycles according to the reference.
12 

Afterwards, the film was washed with 

water to remove physically adsorbed material and the p-ABSA/ZnO/GCE was 

obtained. 

 

2.4 Analytical procedure  

  Cyclic voltammetry and differential pulse voltammetric measurements were carried 

out with three electrodes in phosphate buffer solution. The CVs were recorded by 

cycling the potential between 0.2 V and 1.0 V at a scan rate of 100 mVs
-1

. Because 

the differential pulse voltammetry has excellent sensitivity and selectivity, it is 

selected as the analytical technique by applying a sweep potential from 0.15 V to 0.95 

V. The parameters are as follows: pulse amplitude, 0.2 V; pulse width, 0.05 s; sample 

width, 0.0167s; pulse period, 0.2 s; quiet time, 2 s. 

 

3 Results and discussion 

3.1 Characterization of ZnO crystals and the modified electrodes 

  The structure and morphology of the resulting ZnO and p-ABSA/ZnO were 

characterized using SEM. Fig. 1 displays typical SEM images of the ZnO (Fig.1a,b), 

p-ABSA/ZnO (Fig.1c,d). As can be seen from the low (Fig.1b) and high (Fig.1a) 

magnification SEM image, the ZnO crystals show flowerlike structures built up by 

many sheets which are smooth. The sizes of these sheets are not uniform, and their 

lengths are several microns. Fig. 1c and Fig. 1d show the high and low magnification 

SEM image of the p-ABSA/ZnO, on which a pattern of thin film is observable which  
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consisted of particles and the flowerlike ZnO become intransparent. It can be seen that 

the ABSA has been deposited onto the surface of GCE along with ZnO.  

Fig. 1 

  XRD analysis was used to determine the structure and phase of the flowerlike ZnO. 

Figure.2 is the XRD pattern of the product prepared by hydrothermal synthesis 

method. All diffraction peaks can be perfectly indexed to the wurtzite-type (space 

group P63mc) ZnO (JCPDS no. 75-576). The strong and sharp diffraction peaks 

indicate that the product has good crystallinity. No characteristic peaks belonging to 

impurities are observed, which implies that pure ZnO products were obtained.  

Fig. 2 

  To characterize the electron transfer properties of the different modified electrodes, 

electrochemical impedance spectroscopy (EIS) was used. In electrochemical 

impedance measurement, the semicircular part at higher frequency corresponds to the 

electron-transfer process, and the diameter is equivalent to the electron transfer 

resistance (Ret), which controls the electron transfer kinetics of the redox probe at the 

electrode surface. The linear part in the EIS represents the diffusion-limited process. 

Fig. 3 shows the impedance spectra at 0.18 V represented as Nyquist plots for bare 

GCE (a), ZnO/GCE (b) and p-ABSA/ZnO/GCE (c) using 5 mM Fe(CN)
-3

/Fe(CN)
-4

 

containing 0.1 M KCl as probe. For the bare GCE, the value of electron transfer 

resistance was 272.9 Ω. When ZnO was immobilized on the GCE surface (ZnO/GCE), 

it can be seen that a big well defined semi-circle at higher frequencies was obtained, 

indicating large interfacial impedance. When p-ABSA was deposited on the surface of 
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ZnO/GCE, the impedance value obtained at p-ABSA/ZnO/GCE was smaller than that 

at GCE, which could be attributed to the conductivity of p-ABSA and electrostatic 

adsorption between positively charged p-ABSA and Fe(CN)
-3

/Fe(CN)
-4 

leading to a 

lower interfacial electron resistance, and demonstrated that p-ABSA/ZnO film was 

successfully immobilized on the GCE surface. 

Fig. 3 

 

3.2 Electrochemical behavior of promethazine on the modified electrode 

  The electrochemical behavior of PHZ at different electrodes in 0.10 M PBS (pH 8.0) 

was examined by CVs (Figure 4) in the range from 0.2 V to 1.0 V, at a scan rate of 

100 mV s
-1

. In the absence of PHZ, no redox peak was observed at 

p-ABSA/ZnO/GCE, demonstrating that the p-ABSA/ZnO/GCE was non-electroactive 

in the scanned potential window. Two small oxidation peaks appeared on CV curves 

using the bare GCE (curve a) and ZnO/GCE (curve b) and no reduction peak was 

observed in present of PHZ, respectively. As for p-ABSA/GCE (curve c), the 

oxidation currents of PHZ were more obvious than at the bare GCE and ZnO/GCE, 

the corresponding oxidation peak potential values were 0.524 and 0.786 V for PHZ. 

Furthermore, the p-ABSA/ZnO/GCE (curve d) resulted in excellent amplification of 

the PHZ oxidation response compared to that at the bare electrode, ZnO/GCE and 

p-ABSA/GCE, with peak potential value shifting negative to 0.501V and 0.735 V, 

respectively. All the above indicated that the oxidation of PHZ was irreversible on the 

p-ABSA/ZnO surface and the modified electrode possessed good electro-catalytic 
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 10

activity. The results may be ascribed to the high conductivity, fast electron transfer 

rate and excellent synergistic effect of p-ABSA and ZnO. 

  According to previous studies of PHZ and other compounds of the same chemical 

group (phenothiazines),
24,25,26

 probable oxidation mechanisms for promethazine on 

the prepared sensor was inferred as follow. The oxidation process occurs by the 

removal of one electron from the nitrogen atom, leading to the formation of a 

relatively stable cation radical (peak B) whose oxidation results in promethazine 

sulfoxide (peak A).  

 

S

N

N

.HCl

-e-

S

+N

N

+  H+  +  Cl-

             

 

               

-e-

S
+

+N

N

H2O
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N

O

N

+  2H+

 

                                                                                                                                                                                                          

Scheme 1  Oxidation mechanisms for Promethazine on the prepared sensor 

Fig. 4 

 

3.3 Effect of modification amounts on oxidation current of PHZ 

  The electric conductivity of ZnO is poorer compared with the GCE, although 

Page 10 of 28Analytical Methods

A
n

al
yt

ic
al

 M
et

h
o

d
s 

A
cc

ep
te

d
 M

an
u

sc
ri

p
t



 11 

flowerlike ZnO can considerably enhance the oxidation response of PHZ. Therefore, 

large amount of ZnO certainly lowers the conductivity of the GCE, resulting in low 

determination sensitivity. The relationship between the oxidation peak current of PHZ 

and quantities of ZnO was surveyed. Experimental result is shown in Fig.5. The 

oxidation peak current of PHZ increased gradually with improving ZnO quantity from 

5 to 14 µg/cm
-2

 and then the oxidation peak current conversely decreased with further 

increasing ZnO quantity from 14 to 28 µg/cm
-2

. According to previous work,
7
 the 

amount of nanoparticle will change the effective surface area of electrode, and excess 

flowerlike ZnO modified on the GCE will gave poor current response. Hence, the 

quantity of 14 µg/cm
-2

 ZnO provided reasonable sensitivity in the voltammetric 

responses, and was selected as the optimum quantity for modification of the electrode 

surface in this article.  

Fig. 5 

 

3.4 Effects of scan rate and pH on the electrochemical behavior of PHZ 

  The effect of scan rate (v) on the electrochemical behavior of PHZ was examined in 

pH 8.0 PBS containing 20 µM PHZ by CVs in the range of 30 to 180 mV s
-1

. As can 

be seen in Fig.6, the oxidation peak currents of PHZ increased with increasing the 

scan rate while their oxidation peak potentials gradually shifted to positive values. 

The peak current is proportional to the square root of the scan rates for PHZ with 

linear regression equations as 
2/124391.116921.3/ νµ +−=AI pa (R = 0.998) for 

peak B, indicating that the oxidation processes are typical diffusion-controlled 
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processes.   

Fig. 6 

  The influence of solution pH on the electrocatalytic oxidation of PHZ at the 

p-ABSA/ZnO/GCE was explored by CVs in the pH range of 6.0–9.0. As can be seen 

in Fig.7Ⅰ, the oxidation peak currents of PHZ increase with the solution pH in the 

range of 6.0–8.0 and reach a maximum value at pH 8.0, then the electrode response  

started to decrease with higher pH value. The fluctuation can be attributed to the 

change of electrostatic interaction between p-ABSA/ZnO and promethazine due to 

their protonation. Moreover, the change of electrochemical reaction rate also can 

produce some effects because it involves proton transfer.
24 

Therefore, pH 8.0 was 

chosen as the optimum pH for the sensitive determination of PHZ. 

  In addition, the relationship between the peak potential of PHZ and pH was also 

examined. Fig. 7Ⅱ illustrated that the oxidation peak potential of PHZ shifted 

negatively with the increment of the solution pH, indicating that protons were directly 

involved in the electrode reaction processes. 

Fig. 7 

 

3.5 Determination of PHZ 

  Under the optimal conditions, differential pulse voltammetry experiments were 

performed using poly(p-ABSA)/ZnO/GCE in phosphate buffer solution containing 

various concentrations of PHZ because differential pulse voltammetry has the 

advantage of an increase in sensitivity and better characteristics for analytical 
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applications. As shown in Fig.8, the two oxidation peaks for PHZ could be clearly 

identified at about 0.45 V and 0.68 V with a linear relation between the peak currents 

and the concentrations. The results showed that the anodic peak currents of PHZ were 

linearly related to the concentration over the range of 0.01–59.84 µM. The regression 

equation was MCAI PHZpa µµ /1445.056337.0/ +−= ( R = 0.996) for peak B. The 

detection limit was 0.004 µM at S/N = 3. The values are comparable with values 

reported by other research groups for electrocatalytic oxidation of PHZ at the surface 

of chemically modified electrodes through other mediators (Table 1). 

Fig. 8 

 

3.6 Interference study 

  For evaluating selectivity of the poly(p-ABSA)/ZnO modified electrode, various 

possible interfering species were tested to examine whether they interfered with the 

determination of PHZ using this electrode. Several common metal ions, such as Cu
2+

, 

Fe
2+

, Ca
2+

,
 
K

+
, Na

+
, Mg

2+
 were added into the PBS (pH 8.0). It was found that their 

interference with the electrochemical reaction under the experimental conditions was 

negligible for quantitative analysis which may be due to that metal ions are not active 

in the positive potential range and will not co-deposit with the PHZ. Other organic 

compounds like ascorbic acid, farina, cane sugar, glucose, nitrobenzene and benzoic 

acid did not show any interference either in the determination of PHZ which may be 

due to they are not oxidized under experimental conditions, even at a ratio of 100:1 

interference-to- PHZ. 
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3.7 Stability and reproducibility of the poly(p-ABSA)/ZnO film 

  In order to survey the stability of the poly(p-ABSA)/ZnO modified electrode, the 

electrode was stored at 4 
◦
C. After 5 weeks storage, only a small decrease of peak 

current sensitivity with a relative standard deviation (RSD) of 1.27±0.03% for peak B 

of PHZ was observed, which implies the excellent stability of the modified electrode. 

  The reproducibility of the poly(p-ABSA)/ZnO modified electrode was also 

investigated. Four freshly prepared modified electrodes have been used for the 

detection of PHZ, respectively. The relative standard deviation (RSD) for four 

successive assays was calculated as 3.5%, displaying an acceptable reproducibility. 

4 Conclusions  

   The flowerlike ZnO was prepared by hydrothermal synthesis method using PVP 

as surfactant. The appropriate concentration of PVP plays an important role in the 

formation of the 3D flowerlike structure. The poly(p-ABSA)/ZnO modified electrode 

was constructed and used for exploring the electrochemical behaviors of PHZ. 

Remarkable enhancement effects on the oxidation peak currents were observed with 

the negative shift of the oxidation peak potentials. The results were attributed to the 

flower-like structure of ZnO and fast electron transfer kinetics of p-ABSA. Moreover, 

the high electrocatalytical activity is attributed to the excellent synergistic effect of 

p-ABSA and ZnO. The nanocomposite may offer a new approach for developing 

novel types of highly sensitive and stable electrochemical biosensors. 
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Table 1 Comparison of the proposed method with other electrochemical methods for 

the determination of PHZ 

 

Modified electrode       Method     Supporting electrolyte    Linear range (µM)    Detection limit (µM)    Ref. 

MWCN/SiAlNb/DNA     SWV           PBS 7.0               20–100              5.9             [17] 

graphite–BMIMPF6/Au    CV             PBS 6.7               0.05–50             --              [19] 

(MWCN)/gold electrode   LSV            PBS 4.0              0.05 to 10             0.01            [24] 

Glassy carbon electrode   DPSV            BR 9.0              0.312 to 3.12          0.104           [25] 

Boron-doped diamond     SWV            BR 4.0              0.596 to 4.76          0.0266          [26]   

electrodes 

Gold electrode           FIA              --                  1.0 to 5000            30             [27] 

p-ABSA/ZnO/GCE       DPV            PBS 8.0              0.01 to 59.84           0.004     This work 
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Figure captions   

Fig. 1 SEM image of the low and high magnification ZnO crystals (a, b) and 

p-ABSA/ZnO/GCE (c, d) 

Fig. 2 XRD pattern of ZnO crystals 

Fig.3 Nyquist plot of the bare GCE (a), ZnO/GCE (b), p-ABSA/ZnO/GCE (c) in 5 

mM Fe(CN)
-3
/Fe(CN)

-4
 containing 0.1 M KCl  

Fig. 4 Cyclic voltammograms of 80 µM PHZ in 0.10 M PBS (pH 8.0) recorded at the 

bare GCE (a), ZnO/GCE (b), p-ABSA/GCE (c), p-ABSA/ZnO/GCE (d). Scan rate is 

100 mV s
-1
  

Fig.5 Effect of ZnO concentration on the p-ABSA/ZnO/GCE response at constant 

PHZ concentration in 0.10 M PBS (pH 8.0) 

Fig. 6 CVs of p-ABSA/ZnO/GCE in 0.10 M PBS (pH 8.0) containing 20 µM PHZ at 

the different scan rate of (from a to k): 30, 50, 70, 100, 120, 140, 160, 180 mV s
-1
. 

The inset shows the linear relationship between the peak currents and the square root 

of scan rate 

Fig.7 Effect of pH on anodic peak current (Ⅰ) and anodic peak potential (Ⅱ) for 20 

µM PHZ at the p-ABSA/ZnO/GCE 

Fig.8 DPVs of different concentrations of PHZ (from a to i: 0.01 µM to 59.84 µM) at 

p-ABSA/ZnO/GCE in 0.10 M PBS (pH 8.0). The inset is the corresponding 

calibration curves of PHZ for peaks B  
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Remarkable enhancement effects on the oxidation peak currents of PHZ on the 

poly(p-ABSA)/ZnO modified electrode with the negative shift of the oxidation peak 

potentials. 

Page 20 of 28Analytical Methods

A
n

al
yt

ic
al

 M
et

h
o

d
s 

A
cc

ep
te

d
 M

an
u

sc
ri

p
t



 

 

 

 

 

 

 

 

      

      

               

                           

Fig. 1 
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                            Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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   Fig. 6 
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Fig. 7ⅠⅠⅠⅠ 

 

 

Fig. 7ⅡⅡⅡⅡ 
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 Fig. 8 
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