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Abstract 
Dopamine (DA) is a vital neurotransmitter used in clinical diagnostics and neurochemical 
studies. In this article, a robust, accurate, and highly sensitive method for determining DA 
using a duplex stainless steel (DSS)-modified carbon paste electrode (MCPE) and cyclic 
voltammetry is reported. To improve the sensitivity of the DSS-MCPE, the electrode was 
polymerized via 10 potential cycles using asparagine, a non-essential amino acid, thereby 
forming poly(asparagine) on the electrode surface. This polymerized electrode surface acts 
as a selective barrier to DA and enables the DSS-MCPE to detect DA accurately, even in the 
presence of interfering molecules such as ascorbic and uric acids, which have overlapping 
oxidation potentials. Compared with the bare carbon paste electrode (BCPE) and DSS-MCPE, 
poly(asp)-DSS-MCPE exhibits excellent electrochemical behaviour, a higher oxidation peak 
current, and improved electron transfer kinetics. The effects of variations in scan rate, pH, 
and DA concentration on the electrocatalytic behaviour of poly(asp)-DSS-MCPE were 
investigated. Also, the electrode active surface area was calculated, and the limit of 
detection, limit of quantification, and number of electrons and protons involved in electro-
chemical reactions were determined. The ease of fabrication, cost-effectiveness, and robust 
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performance of poly(asp)-DSS-MCPE make it a promising electrocatalyst for detecting DA 
and other bioactive molecules, without interference from interfering molecules. 

Keywords 
Catecholamine; voltametric determination; mechanical alloying, modified electrode, asparagine. 

 

Introduction 

Dopamine (DA) is an essential neurotransmitter that plays important roles in several 

physiological and neurological processes, including motor control, mood regulation, cognition, and 

endocrine signalling [1]. Its irregular concentration can cause various neurodegenerative and 

psychiatric disorders [2]. Therefore, we need to develop sensitive, selective, and robust analytical 

methods for the quantitative and qualitative determination of DA to support clinical diagnostics and 

neuroscience research. Currently, a handful of analytical methods, such as high-performance liquid 

chromatography (HPLC), chemiluminescence, spectrophotometry, and capillary electrophoresis, are 

used to determine DA [3,4]. However, these analytical techniques require tedious sample 

preparation, sophisticated instruments, and expensive chemicals, and are sometimes less selective. 

Therefore, new electrochemical sensing techniques are becoming very popular due to their high 

sensitivity, selectivity, reproducibility, cost-effectiveness, robustness, rapid response, and potential 

for miniaturization for real-time monitoring [5-8]. Among all electrochemical sensing techniques, 

cyclic voltammetry (CV) proved to be one of the most suitable and largely used techniques for 

determining the redox behaviour of electroactive species like DA, uric acid, ascorbic acid, riboflavin 

and toxic dyes [9-13]. 

One of the major challenges in the electrochemical determination of DA is achieving selectivity and 

sensitivity in biological samples, where interfering species such as ascorbic acid and uric acid coexist 

with DA and often overlap with its oxidation potentials [14-16]. Therefore, we have modified the 

carbon paste electrode (CPE) with duplex stainless steel (DSS) powders to overcome this problem and 

reduce the overlapping effect, thereby achieving high accuracy and selectivity. The modified carbon 

paste electrodes (MCPEs) increase the active surface area, act as a selective barrier, enhance electron 

mobility, and provide high-selectivity interaction sites for DA, thereby improving their performance. 

The fabricated bare carbon paste electrode (BCPE) and DSS-MCPE are composed of graphite powder 

and a silicone oil, which are extremely inexpensive, easy to prepare, and depict a wide potential 

window. Furthermore, the properties of DSS-MCPE were improved by polymerizing the electrode with 

asparagine, an essential amino acid, for 10 cycles using cyclic voltammetry (CV) [17]. This polymeri-

zation of DSS-MCPE further increases selectivity, electron mobility, surface area, reaction sites, sen-

sitivity, and stability. The polymer layer on the electrode acts as a molecular sieve and allows a parti-

cular-sized and shaped ion to interact and thereby increases the selectivity of the electrode. It also 

reduces the oxidation overpotential, increases the peak separation, mechanical stability, reproduci-

bility, binding affinity, and anti-fouling nature of the DSS-MCPE. Therefore, the fabricated poly(asp)-

DSS-MCPE could be a promising candidate for detecting various electroactive species, such as DA.  

Arpitha et al. electropolymerized tavaborole drug on CPE for 20 cycles over a potential range of 

-0.4 to 1.2 V vs. Ag/AgCl with a scan rate of 0.05 V/s at a pH 7.4 [18]. The MCPE showed a low 

heterogeneous constant of 50 mV/s toward the DA, confirming DA absorption on the MCPE. 

Electrochemical reactions involved an equal number of protons and electrons in detecting DA with 

a limit of detection (LOD) of 5.28 μM [18]. Choukairi et al. [19] fabricated β-cyclodextrin MCPE to 

determine DA with a cyclic potential range of -0.15 to 0.15 V vs. Ag/AgCl at pH 6. They have 
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successfully recovered 98 to 103.2 % of DA, and the fabricated MCPE has shown 4.8-fold higher 

current density than BCPE [19]. Nagles et al. [20], Widyaningrum et al. [21], Shashikumara et al. [22] 

and Varmazyar et al. [23] fabricated lanthanum oxide (III), ferrocene, poly(amido black), and gold 

nanoparticles on multi-walled carbon nanotubes (MWCNT) MCPEs, respectively, to determine DA. 

They have all reported excellent sensitivity, selectivity, and stability of the fabricated MCPEs. 

In this article, we prepared poly(asparagine)-modified duplex stainless steel by electro-

polymerizing 1 mM asparagine in phosphate-buffered saline (PBS) at pH 6.5 with a cyclic potential 

window of -1.0 to +1.5 V vs. Ag/AgCl for 10 cycles. We reported that polymerization of asparagine 

on the DSS-MCPE surface significantly increases surface area, conductivity, and selectivity due to 

strong interactions between the polymer's -NH₂ and -COOH groups and catechol.  

The dual-phase (austenite and ferrite) structure of DSS imparts excellent mechanical strength, 

corrosion resistance, and high thermal stability compared to conventional austenitic or ferritic 

stainless steels [24]. In addition to their widespread structural and industrial applications, DSS 

powders are now used as electrocatalysts in various electrochemical sensing applications [25]. This 

research area remained underexplored, and we were the first to report the electrochemical sensing 

properties of DSS powders [26,27]. The presence of alloying elements such as chromium, nickel, and 

iron in DSS provides potential redox-active sites that facilitate electron transfer. The high corrosion 

resistance of DSS ensures long-term stability in aqueous environments, making it an attractive 

candidate for electrode modification [28,29]. In this article, we used the ball-milling technique to 

prepare DSS powders after milling for 20 hours in a toluene atmosphere, and then used them as a 

modifier for CPE to detect DA. This ball-milling technique is widely used to refine the microstructure 

of DSS. This process results in the production of nanocrystalline DSS structures with improved 

surface area and defect density. This further increases the electrocatalytic properties of DSS powder 

by exhibiting a low LOD and an anti-interference effect.  

This article not only reports novel electrochemical sensing applications of DSS powders but also 

highlights the role of ball milling in tailoring the materials' properties to enhance electrocatalytic 

performance.  

The fabricated DSS-MCPE, and poly(asp)-DSS-MCPE combines the benefits of ball milling, dual-

phase microstructure of DSS, electrochemical sensing contributions from individual elements (Fe, 

Cr, and Ni) in DSS, polymerization of asparagine amino acid on the electrode surface and makes the 

electrodes highly sensitive, selective, stable, reproducible, and anti-fouling to detect neurotrans-

mitter like DA. This research could open a new path for integrating advanced alloy materials, such 

as DSS and high-entropy alloys, into electrochemical sensor technologies and potentially enable 

biomedical and environmental sensing applications. 

Experimental 

The CHI-6038E electrochemical workstation, purchased in the USA, was used to investigate the 

electrocatalytic application of the fabricated poly(asp)-DSS-MCPE for DA detection. A three-

electrode cell was used with the working, counter, and reference electrodes. The working electrode 

was the fabricated poly(asp)-DSS-MCPE; the counter electrode was a platinum wire; and the 

reference electrode was an Ag/AgCl electrode in saturated KCl. The X-ray diffraction (XRD) study 

was performed in PANalytical Xpert Pro XRD. Analytical grade DA, asparagine, sodium dihydrogen 

ortho phosphate (NaH2PO4), disodium hydrogen phosphate (Na2HPO4), silicon oil, and graphite 

powders were procured from Nanografi, Turkey. The standard solution of DA and a 0.1 M 

phosphate-buffered saline (PBS) solution were prepared in double-distilled water. 
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Preparation of duplex stainless steel powders  

DSS powders were synthesized by ball milling the elemental iron, chromium, and nickel powders 

for 20 hours using a Retsch PM 100 planetary ball mill. All elemental powders were purchased from 

Nanografi, Turkey. The milling was carried out in toluene to prevent oxidation, and the optimized 

milling parameters were discussed by Shashanka et al. [30,31]. Every 30 minutes of milling, a  

30-minute break was taken to cool the jar and prevent phase transformation in the DSS.  

Fabrication of electrodes (bare carbon paste, duplex stainless steel-modified carbon paste, and 
poly(asp)- duplex stainless steel-modified carbon paste) 

The bare CPE (BCPE) was prepared by hand-mixing graphite powder and silicone oil at a 70:30 ratio 

for 30 minutes using a mortar and pestle [32]. Similarly, DSS-MCPE was prepared by hand-mixing the 

bare CPE with DSS powder for 30 minutes. This modification of BCPE with DSS improves the 

electrocatalytic properties of the electrode. For further improvement of electrocatalytic properties, 

DSS-MCPE was electropolymerized by dissolving 1mM asparagine amino acid in a PBS solution of 

pH 6.5 [33] and running 10 potential cycles within the potential window of -1.0 to +1.5 V vs. Ag/AgCl. 

This caused a slight increase in the polymer oxidation current with increasing cycle number, confirming 

the continuous growth of poly(asparagine) on the surface of DSS-MCPE (Figure 1). When electro-

polymerization begins, asparagine undergoes oxidation, generating intermediate radicals that deposit 

on the surface of DSS-MCPE, leading to the formation of a conductive poly(asp) layer. The polymer 

formed at the electrode surface increases the surface area, sensitivity, reactive sites, functional 

groups, and selectivity of the poly(asp)-DSS-MCPE. The formation of functional groups increases 

charge-transfer kinetics [34,35] and provides excellent interaction sites for DA through hydrogen 

bonding and electrostatic interactions. 

 
E / V vs. Ag/AgCl 

Figure 1. Electropolymerization of 1 mM asparagine in 0.1 M PBS, pH 6.5, on DSS-MCPE by  
running 10 potential cycles between -1.0 and +1.5 V 

Determination of dopamine 

The fabricated BCPE, DSS-MCPE, and poly(asp)-DSS-MCPE were immersed in the supporting 

electrolyte PBS (0.1 M) containing the analyte DA (20 to 200 M), and cyclic voltammograms (CVs) 

were recorded in separate experiments. The principle of electrochemical determination of DA by 

poly(asp)-DSS-MCPE is graphically shown in Figure 2.  
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Figure 2. Graphical representation of electrochemical determination of DA by poly(asp)-DSS-MCPE 

Results and discussion 

X-ray diffraction study of mechanically alloyed duplex stainless steel powders 

The XRD pattern of the DSS powders prepared by ball milling is shown in Figure 3. The XRD 

confirms the substantial microstructural evolution with the formation of both austenite (γ-Fe) and 

ferrite (α-Fe) phases [36]. The prominent diffraction peak at approximately 2 ≈ 44.5° corresponds 

to the (110) planes of a body-cantered cubic (BCC) α-Fe phase. On the other hand, we can observe 

weak and broadened peaks around 51, 60 and 74°, suggesting the presence of a face-cantered cubic 

(FCC) γ-Fe phase. These broad and narrow intensity diffraction peaks also appeared due to the 

formation of secondary or intermetallic phases resulting from high-energy milling of elemental Fe, 

Cr, and Ni powders [37].  

 
2 / ° 

Figure 3. XRD pattern of mechanically alloyed DSS powder for 20 hours 

The observed diffraction peak broadening indicates the complete refinement in the micro-

structure forming the nanocrystallite materials, and also due to the microstrain formed because of 

the interaction of ball-jar-powder with maximum intensity [38]. Furthermore, the increased back-

ground intensity in the range of 2  angles of 70 to 90° is due to the partial amorphization and an 
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increased density of defects like dislocations and grain boundaries during ball milling. The XRD 

pattern shows no impurity peaks, confirming successful alloying of the constituent metals into 

homogeneous DSS powders. The overall XRD pattern confirms the formation of a nanocrystalline 

duplex stainless steel with a dominant ferrite phase and traces of retained austenite. 

Electrochemical properties of fabricated electrodes 

The electrochemical behaviour of BCPE, DSS-MCPE, and poly(asp)-DSS-MCPE was investigated 

using the CV technique. Figure 4 depicts the cyclic voltammograms recorded for these three electro-

des in a separate set of experiments in 0.1M PBS, pH 6.5, at a scan rate of 0.1 V s-1 with a potential 

sweep from -1.0 V to 0.0 V vs. Ag/AgCl. The CV profile of the BCPE (blue curve) shows a relatively 

broad, poorly defined redox response with a low peak oxidation current (Ipa), indicating slow electron-

transfer kinetics due to a smaller electrode surface area and fewer reaction sites. The reduced Ipa is 

also attributed to the low conductivity of the BCPE, which lacks modifiers to increase reactive sites.  

 
E / V vs. Ag/AgCl 

Figure 4. CV curves recorded individually for denoted electrodes in 0.1 M PBS, pH 6.5, containing 0.1 mM DA, 
at a scan rate of 0.1 V s-1 with potential sweep from -1.0 to 0.0 V vs. Ag/AgCl 

On the other hand, the DSS-MCPE (red curve) shows a significant increase in Ipa due to a relative 

increase in the electrode’s active surface area and reaction sites, as well as faster electron-transfer 

kinetics. The modification also increases the electrode's conductivity by improving analyte-electrode 

surface interactions, thereby increasing electron mobility [39,40]. Another reason for increased Ipa is 

the presence of elements like iron, chromium, nickel, and molybdenum in DSS powders. These 

elements collectively enable multiple oxidation states, enhancing redox reactions and charge-

transfer kinetics. In addition, the dispersed modifier, duplex stainless-steel powders, improves 

surface roughness and electroactive surface area, thereby providing a better platform for electron 

transport pathways compared to BCPE. Similarly, poly(asp)-DSS-MCPE (black curve) showed the 

highest Ipa among the BCPE, DSS-MCPE, and poly(asp)- DSS-MCPE. This polymerized DSS-MCPE with 

asparagine exhibits sharp, well-defined redox peaks, indicating excellent electrocatalytic properties. 

The main advantages of polymerizing the MCPE are the increased interaction of the functional 

groups like -NH₂ and -COOH present in the asparagine with the analyte DA and induce the surface-

confined redox reactions. The polymerization of asparagine on the DSS-MCPE also improves the 
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electrode's porosity, surface area, and hydrophilic nature, along with strong adhesion. The 

combined effects of polymerization and electrode modification decrease the peak-to-peak 

separation in poly(asp)-DSS-MCPE, leading to a faster electron transfer rate and improved 

electrochemical reversibility compared with BCPE and DSS-MCPE.  

As was discussed earlier, the electrode surface area plays an important role in the analyte’s redox 

behaviour, and can be determined by the Randles-Ševčik Equation (1) [41-44];  

ip = 2.69105n3/2AD1/2Cv1/2 (1) 

where ip / A is peak current, n is the number of electrons involved in the redox reaction, A / cm2 is 

the surface area of the electrode, D / cm2 s-1 is the diffusion coefficient, C mol cm-3 is the concen-

tration, and ν / V s 1 is the scan rate. 

The calculated active surface areas of poly(asp)-DSS-MCPE, DSS-MCPE, and BCPE are found to be 

0.216, 0.067 and 0.009 cm2, respectively. The increased electrode surface areas of DSS-MCPE and 

poly(asp)-DSS-MCPE, compared with BCPE, are responsible for the higher peak currents, as 

discussed earlier. This confirms that increasing the electrode's active surface area increases the 

redox peak currents. 

Influence of pH of phosphate buffer saline electrolyte solution 

To enrich the electrochemical sensor working specifications of the electrode poly(asp)-DSS- 

-MCPE, the effect of solution pH on the redox reaction of DA was examined by changing the pH of 

the PBS electrolyte. Figure 5(a) displays the curves of CV for 1.0 mM DA in PBS electrolyte at a range 

of pH from 5.5 to 8.0 at the scan rate of 0.1 V s-1 at poly(asp)-DSS-MCPE.  

 
Potential, V 

Figure 5. (a) CVs for 0.1 mM DA in 0.1 M PBS of altered pH values (5.5 to 8.0) at the scan rate of 0.1 V s-1 at 
poly(asp)-DSS-MCPE, and (b) plot of oxidation potential (Epa) vs. pH  

As the pH of PBS electrolyte was increased, both redox peak potentials of DA were decreased 

(shifted towards the negative value ranging between -0.4 to -0.6 V), and the oxidation peak currents 

of DA augmented from pH 5.5 to 6.5, and afterward oxidation peak currents dropped from pH 6.5 

to 8.0, as shown in Figure 5(a). These results illustrate that the redox reaction of DA at poly(asp)- 

-DSS-MCPE depends on the number of proton-electron transfers [45]. 
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The most sensitive electrochemical oxidation response of DA at pH 6.5 in PBS on poly(asp)-DSS- 

-MCPE is most likely due to the composite interface formed by several factors, such as electrostatic 

interactions, ionization state, ideal surface charge, and electrochemical (redox) properties. Thus, 

pH 6.5 was selected as the optimal electrolyte pH for all subsequent electrochemical investigations of 

DA. The connection between the pH of PBS and oxidation potential displays a decent linear relation 

(Figure 5b), and the resulting linear regression equivalence is presented by Equation (2): 
Epa = -0.16586 - 0.04813 pH (R2 = 0.972) (2)   

The slope of -0.048 V pH-1 conforms to Nernst’s relation and signifies the transmission of the 

same number of protons and electrons during the electrochemical reaction of DA. The value of the 

number of protons transported was interpreted by employing the following Nernst’s equation [46]: 

pad -2.3     
      

d pH  

E mRT

nF
=  (3) 

In this relation, dEpa / d pH signifies the slope of the Epa vs. pH plot, m signifies the number of 

protons transferred, n signifies the number of electrons transferred, and T, R and F are standard 

terms. The calculated value of the number of transferred protons in the redox reaction of DA was 

1.625 (≈2) on poly(asp)-DSS-MCPE. The possible electrochemical reaction mechanism of DA at the 

surface of the modified electrode is shown in Scheme 1. 

 
Scheme 1: Possible electrochemical reaction mechanism of DA at the modified electrode  

Influence of scan rate 

The effect of the scan rate on the redox reaction (potential and current) of 0.1 mM DA at poly(asp)- 

-DSS-MCPE was studied in 0.1 M PBS, pH 6.5, by varying the scan rate from 0.05 to 0.50V s-1. The 

corresponding CV curves are shown in Figure 6(a), indicating that as the scan rate increases, both the 

anodic and cathodic peak currents of DA increase concurrently. Also, the oxidation peak potential of DA 

shifts to more negative values, whereas the reduction peak potential shifts to less negative values. These 

outcomes indicate that the scan rate may influence the redox reaction of DA.  

This effect is strongly associated with how DA cooperates with the poly(asp)-DSS-MCPE surface, 

either through adsorption reaction kinetics or diffusion reaction kinetics, and this is validated based 

on the log Ip vs. log , and Ip vs.  relationships, depicted in Figures 6 (b) and 6 (c), respectively. 

These graphs display a good linear association, and the subsequent linear regression Equations 

(4) and (5) are: 

log Ipa = 2.265 + 1.122 log  (R2 = 0.997) (4) 

log Ipa = 1.494 + 166.56 log  (R2 = 0.999) (5) 
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 Potential, V log ( / V s-1) 

 
 / V s-1 

Figure 6. (a) CV curves for 0.1 mM DA in 0.1 M PBS, pH 6.5, at scan rates (0.05 to 0.50 V s-1) on  

poly(asp)-DSS-MCPE, (b) plot of log Ipa vs. log , (c) plot of Ipa vs.  

Here, the slope of 1.122 is close to the thermodynamic merit of 1.0, and the R2 value of 0.999 is 

close to 1.0, indicating that the redox reaction of DA in PBS of pH 6.5 at poly(asp)-DSS-MCPE surface 

thoroughly obeys the adsorption-controlled kinetics [47].  

Electrochemical oxidation behaviour of dopamine at different concentrations  

The effect of DA concentration on the oxidation peak currents at poly(asp)-DSS-MCPE in PBS of 

pH 6.5 is presented in Figure 7. Figure 7(a) shows CV curves at different concentrations of DA ranging 

from 20 to 200 µM. From these CV curves, one can observe a clean reduction and oxidation peaks 

corresponding to the reversible two-electron, two-proton redox reaction of DA. As DA concentration 

increases from 20 to 200 µM, the oxidation peak current increases linearly in proportion to the 

reduction peak current. At the same time, the redox peak potentials remain almost constant, which 

confirms that the electrochemical redox reactions are reversible and surface-controlled within this 

concentration range. This linear increase in Ipa across different concentrations of DA indicates the 

excellent sensitivity and electrocatalytic behaviour of poly(asp)-DSS-MCPE. Figure 7(b) shows the 

linear calibration curve and confirms the excellent quantitative detection capability of poly(asp)-DSS- 

-MCPE across a broad concentration range from 20 to 200 µM. The calibration curve is a straight line 

in the Ipa vs. DA concentration plot, with small error bars (from a minimum of 5 trials), confirming the 

precision and repeatability of the fabricated electrode. 

Equations (6) and (7) were used to calculate the LOD and LOQ of DA at poly(asp)-DSS-MCPE, 

which were found to be 0.074 µM and 0.249 µM, respectively. 
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 E / V vs. Ag/AgCl Concentration of DA, M 

Figure 7. (a) CV curves of DA (20 to 200 µM) in 0.1 M PBS, pH 6.5, at poly(asp)-DSS-MCPE,  
(b) calibration plot for DA (plot of Ipa vs. DA concentration)  

pa

3 ×Standard deviation of blank
LOD=

Slope of   versus concentration of DAI
   (6) 

pa

10 ×Standard deviation of blank
LOQ=

Slope of   versus concentration of DAI
 (7) 

Effect of interference ions on the electrochemical oxidation of dopamine 

It is quite a challenge to determine DA in real biological fluid samples, such as blood, where DA 

coexists with other electroactive molecules, including uric acid (UA), ascorbic acid (AA), glucose, and 

ions such as Na⁺, K⁺, Ca²⁺, Mg²⁺, and Cl⁻. All these electroactive species undergo electrochemical 

redox reactions in almost the same potential windows. In other words, these species may interfere 

with the redox potential of DA. As a result, it is very difficult to determine accurately in the real 

samples. Therefore, we must use a modifier to resolve the potential window of redox reactions. To 

understand the selectivity of the poly(aps)-DSS-MCPE, interference, some studies were conducted 

using AA, UA, Na⁺, K⁺, Mg²⁺, Ca²⁺, Cl⁻, and glucose. Concentration of each interfering species was 

0.1 mM, which was mixed with a known and fixed concentration of DA of 0.1 mM, and their 

respective Ipa are reported to investigate the selectivity of the poly(aps)-DSS-MCPE. Figure 8 shows 

that during the CV investigations, the interfering ions do not affect the Ipa of DA significantly, and 

therefore the presence of these electroactive species has no appreciable effect on the fabricated 

poly(aps)-DSS-MCPE.  

 
     AA  UA  Na+     K+  Mg2+ Ca2+  Cl-   Glucose 

Interferents 

Figure 8. Signal errors of 0.1 mM DA in 0.1 M PBS, pH 6.5 at poly(aps)-DSS-MCPE caused by the presence of 
0.1 mM of denoted interferents 
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The oxidation peak current of DA varied by less than ±5 % in the presence of ions and 

biomolecules such as AA, glucose, and UA. This demonstrated that the fabricated poly(asp)-DSS-

MCPE exhibited excellent selectivity for DA in the presence of various analytes. This selectivity 

nature is imparted by the asparagine polymer, which was polymerized on DSS-MCPE. This polymer 

deposited acts as a selective barrier that can allow specific species to diffuse and interact with the 

electrode, and the functional groups like -NH₂ and -COOH present on the polymer and interact 

specifically with the catecholamines like DA via hydrogen bonding and π-π interactions. 

Analysis of stability, reproducibility, and repeatability of poly(asp)-duplex stainless steel-modified 
carbon paste electrode 

In the practical and real-world sensor applications of poly(asp)-DSS-MCPE, it is crucial to investi-

gate stability, reproducibility, and repeatability of the fabricated electrode. These parameters 

ensure that the fabricated electrode performs consistently over time, across different fabrication 

processes, and within repeated trials. 

To investigate the stability of the fabricated poly(asp)-DSS-MCPE, the electrode was stored for 3 

weeks, and the CV response to 0.1 mM DA was recorded every 3 days. No significant variation (less than 

5 %) in the Ipa of DA was observed over the 3-week period. Similarly, no change in the anodic peak 

potential indicates the stable redox kinetics. This excellent stability of poly(asp)-DSS-MCPE is due to 

the strong adhesion of poly(asparagine) to the DSS-MCPE matrix and to its chemical resistance under 

physiological pH conditions. Reproducibility of the poly(asp)-DSS-MCPE was investigated by electro-

chemically oxidizing 0.1 mM DA for 5 different times. Each time, a fresh poly(asp)-DSS-MCPE was used 

to determine DA, and Ipa value recorded in each cycle is reported. A relative standard deviation (RSD) 

of Ipa less than 4.5 % across 5 cycles indicates that the fabricated electrode exhibits high reproducibi-

lity [48]. The repeatability of the poly(aps)-DSS-MCPE was determined by measuring the CV response 

of DA 10 times under the same conditions, without changing the electrode. After every CV response, 

the poly(aps)-DSS-MCPE was rinsed with distilled water to get an accurate response. A very slight 

variation in the Ipa value across cycles was observed, with an RSD of less than 5 %. This indicates that 

the fabricated poly(aps)-DSS-MCPE showed significant repeatability with an excellent anti-fouling of 

the electrode during the CV response.  

Simultaneous electrochemical determination of dopamine and riboflavin using poly(asp)-duplex 
stainless steel-modified carbon paste electrode 

The linear sweep voltammetric (LSV) responses of DA and riboflavin (RF) analyte mixtures were 

investigated at BCPE and poly(asp)-DSS-MCPE in 0.1M PBS of pH 6.5, and the results are shown in 

Figure 9. BCPE exhibits a small, poorly defined oxidation peak, indicating poor electrocatalytic 

activity for simultaneously determining DA and RF due to its limited electron-transfer kinetics. On 

the other hand, the poly(asp)-DSS-MCPE exhibited two distinct, well-defined oxidation peaks for DA 

and RF, respectively. The first electrooxidation peak was observed at approximately -0.58 V, cor-

responding to the oxidation of DA, whereas the second oxidation peak appeared around +0.02 V, 

attributed to the oxidation of RF. There is a significant increase in the Ipa at poly(asp)-DSS-MCPE 

compared to BCPE when DA and RF are determined simultaneously. The increased current response 

at poly(asp)-DSS-MCPE is at least 5-fold higher than that of BCPE. This confirms that the poly(asp)-

DSS-MCPE not only increased the current response but also resolved the anodic peaks of both DA 

and RF. This successful resolution of two well-separated peaks demonstrated the feasibility of 

simultaneously detecting DA and RF without mutual interference. 
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Figure 9. LSV responses of 0.1 mM DA and 0.1 mM RF mixture in 0.1 M PBS, pH 6.5, at BCPE and poly(asp)-
DSS-MCPE  

Conclusion 

The ball-milled DSS powders exhibited a refined nanocrystalline dual-phase structure with a 

dominant α-Fe (BCC) phase and a minor γ-Fe (FCC) contribution, providing more redox-active sites and 

enhanced electron-transfer capability. Subsequent polymerization of asparagine for 10 potential 

cycles on the DSS-MCPE surface significantly increased surface area, conductivity, and selectivity, 

owing to strong interactions between the polymer's -NH₂ and -COOH groups and the catechol 

structure of DA. The poly(asp)-DSS-MCPE exhibited nearly 10-fold and 5-fold higher anodic peak 

current compared to BCPE and DSS-MCPE, respectively. The LOD and LOQ were calculated to be 0.074 

and 0.249 µM, respectively, confirming the high detection capability of the poly(asp)-DSS-MCPE. 

Kinetic studies confirmed an adsorption-controlled, surface-confined electrochemical process. The 

poly(asp)-DSS-MCPE exhibited excellent selectivity for DA, with <±5 % current variation in the 

presence of common interfering species, and demonstrated strong stability, reproducibility, and 

antifouling behaviour (RSD < 5 %) over three weeks. The sensor successfully resolved well-separated 

oxidation peaks for dopamine (-0.58 V) and riboflavin (+0.02 V), enabling their simultaneous 

detection. Overall, the poly(asp)-DSS-MCPE is a robust, cost-effective, and reproducible platform with 

significant potential for advanced electrochemical sensing applications. 
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