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ABSTRACT
Objective(s): Electrochemical estimation of dopamine by synthesized Pd@Au-PANI nanocomposite.
Materials and Methods: Au-doped and Au-Pd incorporated PANI nanocomposites were prepared via 
oxidative polymerization and hydrothermal methods with ammonium persulphate. 
Results: As-suggested biosensor was improved for the simultaneous disclosure of dopamine and 
hydroquinone, displayed low detection limits of 0.46 µM for dopamine and 0.23 mM for hydroquinone. 
Conclusion: The fabricated biosensor showed broad linear ranges for dopamine (5-25 µM), and hydroquinone 
(0.5-2.5 mM). Along with these good results, the Au-Pd@PANI nanotube also implemented good stability 
and reproducibility.
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INTRODUCTION
Dopamine (DA) and hydroquinone (HQ) are two 
popular materials with considerable biomedical 
applications [1]. HQ is a ubiquitous phenolic com-
pound with good redox properties [2], poisonous 
considerable environmental and health hazard be-
cause of its low biodegradability and high toxicity 
[3]. Its expansion in pharmaceuticals, cosmetics, 
and human diet exacerbates ecological defilement 
and human health dangerous [4]. Regulatory prox-
ies like EU and EPA have identified HQ as a main 
pollutant, as well as, China has determined its per-
mitted level as 0.5 mg/mL. On the medical side, 

DA as a transfer neurotransmitter participates in 
many biological processes, such as perception and 
passion. Abnormal DA levels are for the reason of 
many diseases, like anorexia and schizophrenia 
[5]. Given that premature disclosure can mainly 
enhance treatment results, and there is an imper-
ative requirement of selective methods for con-
trolling or monitoring DA levels. So, the accurate 
and credible detection of DA and HQ is important 
for clinical characterization and ecological safety. 
Until now, many characterization and analytical 
techniques have been evolved for quantification 
of DA and HQ, such as HPLC [6], GC [7], and flu-
orescence [8]. Electrochemical techniques give 
prompt response, simplicity, good results, and low 
cost, making them typical for budget-friendly and 
portable implementations [9]. However, the pres-
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ent reports lack the proof of simultaneous elec-
trochemical disclosure for DA and HQ. The choose 
of appropriate electrode modifiers is compulsory 
for electroanalytical determination of analytes. 
The system of bimetallic is anticipated to appear 
not only the features combination of two metals, 
but also new properties due to the synergy impact 
between different metals [10]. The synergistic im-
pact of bimetallic compound can appear more ac-
tivity compared to monometallic even at low con-
centration. Many bimetallics such as Au-Pt [11], 
Au-Ag [12] and Pd/Au [13] have been reported as 
heterogeneous catalysts. It has been announced 
that the activity of a bimetallic is fundamental-
ly connected to the dispersion and size. The low 
range of particle size of a bimetallic with excellent 
dispersion is a good choice for great catalytic ac-
tivity because of its high surface to volume ratio 
[14]. However, the nanoparticles have a penchant 
to agglomerate through their electrolytic applica-
tions due to high surface energy, which can border 
their activity [15-29]. Thereby, the variuos com-
pounds can be used to stabilize these effective 
compounds, such as carbon nanotubes and poly-
mers [30]. Among most polymer-based materials, 
particularly polyanilne nanotubes (PANI) with 
intrinsic carrier mobility, excellent surface area, 
and ecological stability are so critical to exterior 
interference electric field in disclosure process of 
electric field [31-33]. PANI nanotube-based sen-
sors provide good response and excellent selec-
tivity. On the other side, bimetallic nanocompos-
ite has been vastly studied among other metal 
nanoparticles [34]. Guo et al. used ion exchange 
method to prepare good structured (Co-Ni) OH 
for energy applications [35]; while Song et al. de-
signed a Co-Ni based carbonates via optimizing 
Co/Ni atomic ratio, which illustrated excellent 
rate execution in asymmetrical solid-state super-
capacitors [36]. Liao et al. reported using rGO/
Ni@Co in electrochemical sensor application for 
determining DA [37]. These studies appeared the 
bimetallic composites potential in electrochem-
ical sensing. In this study, a bimetallic Au-Pd@
PANI nanocomposite was synthesized utilizing 
co-precipitation and hydrothermal methods and 
performed for electrochemical investigations. 
Au-Pd@PANI nanocomposite is anticipated to 
able simultaneous disclosure of DA and HQ with 
improved sensitivity.    

Experimental section
Materials 

All chemicals were supplied from Merck 
Co., analytical grade and utilized without future 
purification. 

Synthesis of PANI nanotube
First, 3 mL of aniline monomer and 20 mL 

of hydrochloric acid (1M) were mixed and 
stirred in ice bath. Then, 10 mL of ammonium 
peroxydisulfate (APS, 1M) was dripped to the 
mixture with high stirring for 4 hr at 0 oC. Then, the 
black-green suspension was transferred to 250 mL 
autoclaves for hydrothermal reaction at 180 oC for 
2 hr. Finally, the formed precipitate was filtered, 
washed and dried at 70 oC for 3 hr. 

Synthesis of Au-Pd@PANI tubes
 Briefly, 0.5 g of PANI was dispersed in 50 mL 

absolute ethanol ultrasonically for 30 min. After 
that, 0.5 g of palladium chloride and 0.2 g of 
tetrachloroauric(III) acid, and trihydrateand 
hydrazine (10 mL) were added to pretreated 
PANI and 100 mL distilled water  in a 200 mL 
round. Then, the mixture was refluxed for 3 h at 
80 oC. The formed precipitate was isolated and 
washed by acetone and distilled water, followed 
via drying at 70 oC for 5 hr. Full procedure is 
shown in Fig. 1. 

Electrochemical measurement 
In this study, a standard three-electrode 

system contained Ag/AgCl (saturated KCl), 
Pt wire, and modified glassy carbon as 
counter, reference, and working electrodes, 
respectively, Phosphate buffer solution (0.1 
M, pH 7) was used as electrolyte solution. The 
electroanalytical measurements were carried 
out by using cyclic voltammetry within range 
of -0.2-0.8 mV and scan rate of 30 mV/s, and 
differential pulse voltammetry employed with 
the voltage step of 5 mV. Before all experimental, 
the electrochemical cell was injected by N2 gas 
to purge O2 gas, which allowed standard curves 
generation depended on the different signal 
responses for the concentrations of  DA and HQ. 

RESULTS AND DISCUSSIONS 
Bimetallic nanoparticle characterization 

The UV-Vis spectra of PANI, Au, Pd-Au, 
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Au-PANI, and Au-Pd/PANI nanocomposite are 
shown in Fig. 2A. The results shown the Plasmon 
resonance peak for Au nanoparticles and a broad 
peak as a shoulder for the production of Au-Pd 
nanoparticles at 535 nm. PANI, Au/PANI, and Au-
Pd/PANI nanocomposite appeared two absorption 
peaks locating at 355 and 625 nm, attributed to * 
and n-* of benzenoid and quinonid ring transitions 
of PANI, respectively. On the other handa reduce 
in peak intensity after incorporating with PANI was 
assigned to doping Au and Au/Pd in PANI matrix. 
The FT-IR spectra of pure Au, Au- doped PANI, and 
Au/Pd-doped PANI 

are displayed in Fig. 3B. The results demonstrate 
that the peaks located at 1620, 1480, and 1495 
cm-1 are assigned to C-C stretching vibration of 
quinonoid and benzenoid rings of PANI. A broad 
peak at 1195 and 1205 cm-1 is related to C-N 

stretching, while the peaks at 3428, 3465, and 
3470 cm-1 are corresponded to the N-H stretching 
mode. The FT-IR results indicate that the PANI and 

Fig. 2 (A) UV-Vis of Au, Au-Pd, and Au-Pd/PANI, (B) FT-IR of PANI, Au-PANI, and Au-Pd/PANI

Fig. 1 Producer for synthesis of Au-Pd@PANI nanotubes

Fig. 3. XRD of PANI, Au, Au-Pd, Au/PANI, and Au-Pd/PANI
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its composite are produced in the reaction between 
aniline monomer and Au and Au-Pd colloidal by 
using oxidative polymerization [38, 39].

The XRD analysis of PANI, Au, Au-Pd, Au/PANI, 
and Au-Pd/PANI are shown in Fig.3. For PANI, the 
results appeared two diffraction peaks located at 
20-25o with broader and low intensity, assigned 
to the periodicity parallel to PANI polymer chains 
and an amorphous nature. For Au-Pd, the results 
demonstrate three diffraction peaks located at 
38.5, 44.1, and 65.45o, corresponding to (111), 
(200), and (220) planes. For Au/PANI and Au-Pd/
PANI nanocomposite, the XRD analysis shows four 
diffraction peaks centered at 38.1, 44.3, 65.4, and 
78.3, assigned to (111), (200), (220), and (311) 
planes, related to Au and Au-Pd in PANI as is in 
agreement with (JCPDS 89-3697) [40]. The results 
appeared that when the Au or Au-Pd concentration 
increased, the intensity of the peaks was boosted. 
It can be deduced that the Au/PANI and Au-Pd/
PANI are more crystalline nature than PANI.

The Morphology, lattice fringes, and crystal 
plane of Au, Au-Pd core shell, PANI, Au/PANI, and 

Au-Pd/PANI were investigated by HRTEM analysis. 
For Au nanoparticles (Fig. 4A), the TEM image 
shows spherical morphology, as well as, it appears 
a single nanoparticles with fringes spacing of 
0.25 nm, corresponding to (111) plane. The SAED 
results obviously marks the existence of Au NPs, 
and (111), (200), (220), and (311) planes are in 
agreement with Au nanoparticles (Fig. 4B).

The HR-TEM images of Au-Pd core-shell 
nanocomposite are displayed in Fig. (5a,b). The 
results appeared that the morphology is nearly 
spherical (Fig. 5a). Besides, it exhibited the single 
Au-Pd nanoparticles with fringes spacing of 0.25 
nm, which suggests the inter-fringe distance 
of (111) plane. The SAED results of Au-Pd were 
proven via the (111), (200), (220), and (311) planes 
(Fig. 5b).

PANI nanotubes seem as a short rods with the 
diameter of 300-400 nm particularly twisted with 
each other, perhaps because of the presence of 
NH groups on the surface. TEM images disclose 
that the PANI nanotube are hollow or blank from 
inside, making the tubular structure with an indoor 

Fig. 4 (A) HRTEM of Au, (B) SAED of Au

Fig. 5 (A) HRTEM of Au-Pd, (B) SAED of Au-Pd.
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diameter of 350-400 nm (Fig. 6). However, it is 
substantial to remind that most of the ends of PANI 
nanotubes are sealed, which may be back to the 
high power used on the system of reaction during 

irradiation of ultrasonic. Then, the as-synthesized 
PANI nanotubes were employed as props for the 
Au-Pd nanoparticles by using hydrazine as a reduce 
material. The PANI nanotubes incorporated with 
Au-Pd bimetallic were investigated TEM as shown 
in Fig. 6A-D. The results demonstrated that the 
diameter of Cu-Ag nanoparticles in the range of 
10-20 nm.  Au-Pd evenly was dispersed on the 
outer wall of PANI nanotubes and didn’t alter 
the PANI morphology. Besides, any aggregation 
through hydrazine co-reduction on the PANI 
nanotube indicated the prepared nanotube with 
affluent OH groups; and these supplies many sites 
for coordination with Au-Pd bimetallic [41].

Electrochemical characterization 
Electrochemical demeanors of DA and HQ were 

investigated utilizing CV and DPV, as displayed in 
Fig. 7. Notably, both DA and HQ appeared discrete 
redox peaks on the Au-Pd/PANI electrode, with 
considerably improved peak currents compared to 
GCE, as shown in Fig. 7A,B. DA exhibited no discrete 
peaks on bare GCE, while HQ showed a broad peak 
in the  CV measurements. Fig. 7A displays that the 

Fig. 6. TEM of (A) PANI, (B) Au/PANI, (C) Pd/PANI, (D) Au-Pd/PANI

Fig. 7. CV curves of Au-Pd/PANI (A) bare GCE, (B) in (0.01 M, pH 7) PBS at 50 mV/s scan rate, along with the DPV curves for Au-Pd@
PANI (C) bare GCE, (D) in (0.01M, pH 7) PBS
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electrochemical reaction of DA and HQ on the Au-
Pd/PANI is considerably improved with a higher 
current of oxidation peak, compared to GCE. The 
oxidation peak of DA appeared at 196 mV, while 
a sharp oxidation peak centered at 100 mV. It 
highlights the reversible anchoring of  HQ on  Au-
Pd/PANI. As a result, the transport of electron on 
the Au-Pd/PANI electrode is more efficient than 
bare GCE, thereby Au-Pd can expedite the transfer 
of electrons. In addition, the 96 mV separation 
between DA and HQ oxidation could appear 
good selectivity and reversibility of Au-Pd/PANI 
electrode for determination of the targets [42]. 
The DPV results indicate (Fig. 7C,D) overlapping 
reduction peak of HQ and DA, appearing their 
uniqueness defying. The electrochemical actions 
clarified the excellent conductivity and large 
electrochemically energetic surface area of Au-Pd/
PANI electrode.

By studying the kinetics of electrode, the scan 
rate impact on the Au-Pd/PANI modified electrode 
gives important premeditations. Total CV analysis 
in 0.2 M phosphate buffer solution appeared that 

the currents of the peak redox for DA and HQ 
increasde with scan rates expanding 10-100 mV/S, 
as shown in Fig. 8A,C. The results exhibited a linear 
relationship via the two equation ip = 2.76+0.27*v 
(R2 = 0.97) and 10.64+0.34*v (R2 = 0.99) assigned 
to DA and HQ, respectively (Fig. 8B,D). These results 
propose that the electrochemical interaction of 
DA and HQ on the Au-Pd/PANI modified surface is 
related to the model of adsorption-controlled, in 
agreements with the previous study [43].

Electro-determination of DA and HQ on Au-Pd/
PANI electrode 

DPV measurements provide more sensitivity 
and selectivity compared to the CV ones as 
displayed in Fig. 9A,C. By utilizing DPV, we estimated 
a broad range of DA and HQ concentration in the 
range of 5-25 µM and 0.5-2.5 mM, respectively, in 
incrementally boosting batches. As shown in Fig 9. 
B,D, a linear relationship was noted between the 
current of the oxidation peak and concentration of 
DA and HQ via the following equations of i (10-6A) 
= 1.88 + 30.4*c (R2 = 0.98) and 42.08 + 70.24 *c (R2 
= 0.99) [44]. 

Fig. 8 CV of (A,C) DA and HQ on Au-Pd/PANI in 0.1M PBS, (B,D) Correlation relationship between redox peak and scan rate for DA and HQ



464

Z. H. Mahmoud et al. /Nanocomposite based biosensor for detection of hydroquinone and dopamine

Nanomed J. 11(4): 458-467, Autumn 2024

Simultaneous determination of DA and HQ using 
Au-Pd/PANI electrode

The calibration carves and detection limits 
for simultaneous sensing of DA and HQ by Au-
Pd/PANI electrode were initiated by using DPV 
measurements in 0.1 M PBS. The response of DPV 
for DA demonstrated a linear relationship in the 
range of 2-40 mm. The results (Fig. 10B) showed 
a linear equation as I (10-6A) = 2.77 + 34.3x (R2 
= 0.99) and 2.40 + 51.04x (R2 = 0.98). The DPV 
response for HQ illustrated a linear relationship in 
the same concentration of DA (1*10-5 M)  in the 
range of 0.2-2.5 µM with the equation of i (10-6 A) 
= 28.69 + 88.11x (R2 = 0.98) (0.002M) (Fig. 10C,D). 
These results proposed that the Au-Pd/PANI 
modified electrode can be efficiently used for the 
simultaneous determination of DA and HQ.

Stability of electrochemical sensor 
To evaluate the Au-Pd/PANI electrode 

reproducibility, five electrodes were prepared 
utilizing a proportionate method and experimented 
for  determining DA and HQ. The restraint currents 
appeared minor inconstancies, with RSD of 1.54% 
for DA and 2.45% for HQ, indicating the good 

reproducibility. Moreover, the measurements 
of CV were carried out over 20 cycles in 0.2M 
PBS containing 20 μM of DA and 0.002M of HQ. 
Notably, the current of the redox peaks for DA 
and HQ stayed stable with final cycle remaining 
over 98% for the initial value of the peak current, 
certifying to the Au-Pd/PANI sensor precision.   

Real sample analysis 
The analysis in real samples was included 

two stages: the first one contained the electro-
determination of DA by Au-Pd/PANI electrode 
in the DA hydrochloride injection sample. The 
drug solution (Concentration of 200 mg/mL, 5 
mL per injection) was diluted to 10 mL. Then, 1 
mL of diluted solution was transferred to 5 mL 
volumetric flasks series and completed the volume 
by PBS solution. Finally, 2 mL of the solution was 
put in the electrochemical cell for investigation 
of DA via the DPV method, and the results are 
summarized in Table. 1. The second stage was 
the electro-determination of DA by Au-Pd@PANI 
electrode in the human blood serum. By using Au-
Pd/PANI sensor, it clarified that the human blood 
serum was free of DA. However, when the DA 

Fig. 9 DPV response of (A,C) DA and HQ on Au-Pd/PANI electrode with (B,D) the related calibration curves 
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standard solution was spiked, the existence of uric 
acid and some other meddlesome materials, like 
glucose and albumin, didn’t intervene with the DA 
determination (Table 1). Au-Pd/PANI reacts good 
for the spiked DA recovery with high selectivity 

and sensitivity in rapprochement to other studied 
methods. This meansthe auspicious properties 
of Au-Pd@PANI for the sensitive and selective 
determination of DA in the real samples.

Fig. 10.  DVP curve of Au-Pd/PANI electrode for (A,C) 20-40 µM of DA and 0.2-2.5 µM of HQ and (B,D) linear oxidation peak current-
DA and HQ conc. relationship 

 

DA determination in DA (HCl) injection DA determination in real samples 

Content 

(mg/ml) 

Add 

(mg/mL) 

Found 

(mg/mL) 

Recovery 

(%) 
Samples 

Add 

(M/L) 

Found 

(M/L) 

Recovery 

(%) 

10 

0 9.90 - 

1 0.2 0.23 99 0.3 10.23 97 

0.6 10.56 96.2 

0.9 11.24 100.3 

2 0.4 0.38 94 
1.2 11.44 97.1 

10 

0 9.94 - 

0.3 10.31 94 

0.6 10.64 90.2 

3 0.6 0.55 91 0.9 11.29 95.2 

1.2 11.37 91.6 

 

 

Table 1. DA determination in DA (HCl) and real samples
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CONCLUSION 
In this study, bimetallic Au-Pd doped PANI 

nanocomposite (Au-Pd/PANI) was successfully 
prepared by the reduction method. The 
electrochemical investigation illustrated that 
the Au-Pd/PANI electrode showed good electro-
oxidation effectively toward DA and HQ, which 
can be adjusted as an electrochemical sensor 
for same materials disclosure at same time. The 
low detection limits of DA and HQ with broad 
linear ranges was achieved by the as-suggested 
electrode.
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