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Abstract

We demonstrated potential features of gold nanoparticle bipyramid (AuNB) for an electrochemical
biosensor. The facile synthesis method and controllable shape and size of the AuNB are achieved through
the optimization of cetyltrimethylammonium chloride (CTAC) surfactant over citric acid ratio determining
the control of typically spherical Au seed size and its transition into a penta-twinned crystal structure. We
observe that the optimized ratio of CTAC and citric acid (CA) facilitates flocculation control in which Au
seeds with size as tiny as ~14.8 nm could be attained and finally transformed into AuNB structures with an
average length of ~55 nm with high reproducibility. To improve the electrochemical sensing performance
of a screen-printed carbon electrode (SPCE), surface modification with AuNB via distinctive linking
procedures effectively enhanced the electroactive surface area by 40%. Carried out for the detection of
dopamine (DA), a neurotransmitter frequently linked to the risk of Parkinson’s, Alzheimer’s, and
Huntington's diseases, the AUNB decorated-carbon electrode shows outstanding electrocatalytic activity
that improves sensing performance, including high sensitivity, low detection limit, wide dynamic range,



high selectivity against different analytes, such as ascorbic acid (AA), uric acid (UA) and urea, and excellent
reproducibility.
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1. Introduction

Gold nanoparticle (AuNP) is one of the most widely used metal materials as sensing
membranes due to its high biological compatibility, large surface-to-volume ratio, high stability,
non-toxicity, strong electromagnetic field, and fast electron transfer[1-3]. Either bottom-up or top-
down AuNPs-based sensor has raised great attention on enhancing the sensitivity of biochemical
sensing for various targets and sensing mechanisms [4-9]. Specifically, in electrochemical
biosensors signal amplification, the electroactive surface area plays a pivotal role in determining
effective sensitivity and specificity due to the increasing binding sites toward the analysis of
particular analytes[10]. The carbon-based electrodes modified with AuNP were proposed for
several applications, such as, DNA hybridization[8], Microcystin-LR[11], glucose[12], hydrogen
peroxide[4,13,14], and other potential applications[15]. The commercially available screen-
printed electrode has been a remarkable alternative to conventional glassy carbon electrode (GCE)
that requires accompanying instruments, a large solution volume, and a time-consuming and
tedious cleaning process [16].The size, shape, and aspect ratio of nanoparticles to modify the
electrode are key parameters to improving the sensing capability due to their electrocatalytic
activity and optical properties[18]. Ren et al. discovered that sensitivity relied on the surface
crystallographic orientations and shape, with greater sensitivity validated with the largest number
of Au (111) facets on the surface for the nanoparticles [17]. In another report, Au nanospikes and
dendrites were used, formed by electrodeposition with adjustment of directing agent and plating
duration. Alternatively, Zeng et al. reported that the catalytic activity of Au nanocages is greater
than that of nanoboxes and nanoparticles toward the reduction of p-nitrophenol by NaBH, [18].
These studies prove that nanoparticle's dimensional, morphological and topological characteristics
affect the electrochemical response, particularly sensitivity.

Gold nanoparticle bipyramid (AuNB) offers distinguished dimension and shape
monodispersity among myriads of engineered nanostructures. Moreover, it possesses broadly
explorable properties for electroactive surface area enhancement owing to its three-dimensional
double-tipsy structure for easier interaction of bioanalytes at the sensing interface. The application
of gold bipyramids for optical biosensors has been well studied. However, the profound
investigation of its potencies for electrochemical enhancement is not yet widely exploited and is
an exciting topic in the advancement of the point of care (PoC) unit. Cheng et al. reported a study
in modified GCE with gold nanobipyramid/multi-walled carbon nanotube hybrids
(AUNB/MWCNTS) to detect dopamine in the presence of ascorbic acid and uric acid with a
detection limit of 15 nM [19]. From the side of AuNB synthesis, the seed-mediated growth method
has been widely used because it can produce a uniform nano bipyramid. However, controlling the
crystal characteristics of the seeds, which ultimately dictates the crystallinity and form of the
resultant nanoparticles, remains crucial [20,21].



Many researchers suggested cetyltrimethylammonium bromide (CTAB) as a stabilization
agent for monodispersed gold nanoparticle synthesis [22—24]. The main reason for the CTAB
preferences is the presence of strong halide ions of Br~ from CTAB on the gold surface that offers
better control of the nanoparticle's growth and stability [24]. Nevertheless, for a particular
application, such as biosensing elements, the strong binding of these ions leads to a challenging
surface functionalization process. These trade-off features can be compromised for particular and
functional applications of the gold nanoparticles. It was reported that CTAC offers milder
accumulations of CI™ halide ions on the gold surface compared to the CTAB [20,23,25,26].
Sanchez et al. disclosed a protocol for preparing Au seeds, whereas, with the presence of CTAC
and citric acid, HAuCls was reduced by NaBHa [21]. Chateau et al., reported the thermal aging of
CTAC gold seeds in acidic media to synthesize gold bipyramid with good reproducibility and
reasonable yield[27]. S&nchez-lglesias et al., 2007 verified the effectivity of this approach to yield
highly stable penta-twinned seeds from the monocrystalline Au [21]. Although CTAC and citric
acid attach to the metal surface, the citrate ions are known to trigger the creation of twin defects
[28]. However, there are few studies about the effect of citrate ion concentration on the Au seed's
properties to craft gold bipyramid structures in aqueous-based synthesis.

Neurotransmitters are biological substances that transport a signal from a neuron across the
synapse to a target cell, making them necessary for the central and peripheral nervous systems to
operate [29,30]. Dopamine (DA) is an essential neurotransmitter associated with numerous central
nervous system processes such as motor regulation, reward, reinforcement [29,31], movement,
cognition, and addictive behaviors [32]. DA system dysfunction has been linked to various
nervous system illnesses, such as Alzheimer's, Parkinson's, and Huntington's, if the person has a
lower dopamine concentration than commonly [31,32]. On the contrary, a high dopamine level
implies cardiotoxicity, resulting in rapid heart rate, hypertension, heart failure, and drug addiction
[33,34]. For that reason, monitoring dopamine levels is critical for the early diagnosis and
treatment of those conditions. Conventional analytical methods used to measure dopamine include
liquid chromatography [35-38], mass spectroscopy [37,38], and capillary electrophoresis [39,40]
are robust and have become the golden standard for accuracy, yet, it is costly due to sophisticated
equipment and laborious procedure [29].

In terms of neurotransmitter detection using biosensors, electrochemical biosensor offers
superior suitability. Electroactive neurotransmitters, such as dopamine (DA) and serotonin (5-HT)
are biomolecular models that can be directly detected electrochemically due their potentials that
could be recorded at the specific potential window of metal surfaces [41,42]. There are achievable
routes toward unambiguous screening of neurotransmitter biomolecules electrochemically. The
common approaches are electrode modification via the deposition of nanomaterials as a redox
mediator, surface modification with active groups to reinforce charge transfer, and the deposition
of high surface area nanostructures to improve the electrode's sensitivity. Particularly for DA
detection, significant challenges may arise from the low amount of dopamine concentration in
physiological samples (0-0.25 nM in blood and 0.3-3 uM in urine) [43] and selectivity against
other interfering analytes, such as ascorbic acid (AA) and uric acid (UA) [44,45]. Various



modifications on the surface of the electrode were conducted to improve the electrocatalytic
characteristics leading to better sensitivity and specificity, such as using metal [46-49] and metal
oxide nanomaterial [44,50], carbon nanomaterial [51,52], polymer [53,54], and composites
[19,55,56]. Chelly et al., presented an electrochemical sensor for Rhanterium suaveolens plant
extract using AuNP modified electrodes with an LoD around 0.2 pM by the presence of
interference substance ascorbic acid (AA) and uric acid (UA) for dopamine detection [57],
indicating the powerful impact of AuNP as working electrode (WE) modifier.

In this research, we propose a comprehensive study of the effect of citrate ions from citric
acid (CA) on tuning the gold seed size toward gold bipyramid nanostructure synthesis. We found
out that the most suitable ratio of CTAC and CA could efficiently downscale the Au seed, favoring
controllable AuNB's size and shape for modification of electrochemistry electrodes. SPCE surface
modification with synthesized AuNB is optimized via several linking protocols. The AuNB-
modified electrode is applied as an electrochemical sensor for dopamine detection. Outcomes show
that the fabricated biosensor enables a wide dynamic range detection with considerably high
sensitivity, a low detection limit of 37 nM, high selectivity against interfering analytes, and
exceptional reproducibility.

2. Materials and Methods

2.1. Materials

Cetyltrimethylammonium chloride (CTAC), citric acid (CA) (CsHsO-), gold (I1l) chloride
trihydrate (HAuCls-3H20), sodium borohydride (NaBHa), silver nitrate (AgNO3), hydrochloric
acid (HCI), L-ascorbic acid (CeHgOg), dopamine hydrochloride (CsH12CINO>), Nafion, sulfuric
acid (H2SOa4), phosphate buffer saline (PBS), 1,4-dithiothreitol (DTT), potassium ferricyanide (111)
(Ks[Fe(CN)s]), uric acid (CsH4N4Os) and urea (CH4N20) was purchased from Sigma-Aldrich.
These chemicals were analytical grade and used without further purification. All aqueous solution
was performed using distilled water.

2.2. Methods
2.2.1. Synthesis and characterization of AUNB

We used a two-step seed-mediated growth process to synthesize AuNB (Figure S1 in
supplementary material) [21,24]. First, the initial gold seed and the growth of AuNB were
thermally treated toward a high-yield AuNB [21]. Firstly, the seed solution was prepared using a
vial. A 4 mL of 0.5 M CTAC solution, 0.9 mL of 0.01 M HAuUCI4, and 2 mL of CA with three
different concentrations to obtain CTAC:CA ratios of 20:1, 20:2 and 20:3 were used.
Subsequently, the solutions were mixed in distilled water with a total volume of 40 mL. A1 mL
of freshly prepared 0.06 M NaBH4 was added to the mixture. All mixing processes were carried
out under vigorous stirring. Next, the seed solution was heated in an oil bath at 80°C for 90 minutes
until the solution turned brownish red. Accordingly, the AUNB was synthesized, started by adding
9mL of 0.5 M CTAC, 2.2 mL of 0.01 M HAuCI4, 0.4 mL of 0.01 M AgNO3, 0.9 mL of 1 M HCI,
0.4 mL of 0.1 M of ascorbic acid, and 4 mL of Au seed solution into distilled water to a total



volume of 50 mL. The addition was carried out rapidly under vigorous stirring. The mixture was
then stored at 30°C overnight and undisturbed until the AuNB obtained was dark purple. For
morphological analysis, a transmission electron microscope (TEM) HITACHI HT7700 (Hitachi,
Ltd., Tokyo, Japan) was employed. The nanoPartica SZ-100V2 particle size analyzer (Horiba,
Ltd., Kyoto, Japan) was used to measure particle size and distribution. The Evolution 220 UV-
Visible Spectrophotometer (Thermo Fisher Scientific, Cambridge, England) was utilized to
monitor the absorbance peak of the particles.

2.2.2.Electrode modification with AUNB and electrochemical characterization

The modification with AUNB was done on a screen-printed electrode (SCPE) with a size of
25.4 mm x 7 mm x 0.625 mm used as a working electrode (WE). Prior to modification, the
activation step was done by dropping 50 mL of 0.5 M H2SO4 onto the SPCE. The activation took
place by three cycles of cyclic voltammetry from 0.9 V to 1.5 V with a scan rate of 100 mV/s. This
step was mandatory for removing organic cross-linking from carbon and enhancing surface
roughness and functionality to improve electrocatalytic performance [58]. The WE electrode
surface was then modified using drop-casting of AuNB. Initially, the AUNB solution was prepared,
and the excess surfactant from 1 mL AuNB stock was removed by centrifugation up to 12.300 g
for 15 minutes and then redispersed in 1 mL distilled water. To ensure the uniform coverage of
AUNB onto the electrode surface, several approaches were tested. In the first method, 1 pL of the
prepared AuNB solution was dropped directly onto the electrode and dried at room temperature
for about 30 minutes, followed by the dropping of 1 uL Nafion 5% after the AuNB was dry.
Another method employed the drop of 1 uL of 0.01 M DTT that stood to dry at room temperature,
followed by the dropping of 1 pL of AuNB solution. For AUNB amount optimization, the solution
was dropped repeatedly (one to five times). The washing protocols were always done with distilled
water. Electrochemical characteristics of the sensor material were performed using Zimmer
Peacock Ana Pot 4X — EIS — ZP1000080 electrochemical workstation (Zimmer Peacock Ltd,
Warwickshire, England) with a three-electrode system setup, including hyper value screen-printed
electrode (HVSPE) from Zimmer Peacock with the carbon working electrode (WE), silver (Ag)
counter electrode (CE), and silver/silver chloride (Ag/AgCl) for the reference electrode (RE). For
cyclic voltammetry (CV) measurement, the 50 mV/s scan rate and three cycle parameters in a
solution containing ferri/ferrocyanide ions were applied.

2.2.3. Application of AuNB-modified electrode for dopamine sensor

Chronoamperommetry was used in dopamine detection using the AuNB-modified electrode.
Initially, we performed curve stabilization for 200 s using PBS 0.01M (pH 7.4). This protocol was
followed by the measurement of a series of dopamine concentrations ranging from 0.1-100 uM
for 100 s per concentration. The current signal was extracted from the average data point measured
for 50-100 s. For selectivity detection, the AuUNB-modified electrode was essentially exposed to a
1 M dopamine with the presence of interfering analytes, such as AA, UA, and urea, during the
measurement. In the reproducibility study, we tested five individual sensors to detect 1 mM DA



and recorded their chronoamperometric signals. The general workflow of dopamine detection
using the AuNB-modified electrode in this study is shown in Figure 1.
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Figure 1. Schematic illustration of dopamine detection using the AuNB-modified electrode.

2.2.4. Statistical analysis

For the statistical analysis results, all the standard deviations in the calibration plots were
taken from triplicate measurements on a sensor under an identical experimental protocol. The
linear fitting function from Origin 9 software (OriginLab, Northampton, MA, USA) is applied.
From the linear regression curve, the limit of detection (LoD) and Limit of Quantification (LoQ)
can also be determined using the equation [59], with ¢ being a standard deviation and s is the slope
of the linear regression curve.

3.3
LoD = —SG (Eq. 1)
10

3. Result and Discussion
3.1. Characterization of Au seed and gold nanoparticle bipyramid

Au seed preparation is the critical factor for successful penta-twinned crystal formation for
AuUNB production. Changes in crystal structure and morphology can be adjusted by adjusting
experimental parameters such as temperature, CA concentration, or the presence of other organic
additives [21]. In this study, we applied constant CTAC concentration, 0.5 M. While the
CTAC:CA ratios of 20:1, 20:2, and 20:3 were represented by 0.05 M, 0.1 M, and 0.15 M citric
acid concentrations, respectively. Figures 2(a) and (b) display the prepared Au seed's consistencies
in absorbance and purple-red color intensity for all the ratios tested at around 520 nm wavelength.
It also implies that all the Au seed solutions are formed in a spherical structure, typically resulting



in a clear single peak with a homogeneous shape and localized surface plasmon resonance (LSPR)
properties around this wavelength [60]. It occurred due to the reduction of the precursor AuCls™ to
Au® by NaBHj4 (as a strong reducing agent) and was stabilized by CTAC, forming the spherical
gold [61].

It is important to note that CTAC acts as a stabilizing agent for Au nanoseeds due to the
presence of halide ions (CI™ ions). Meanwhile, CA serves as both a reducing and stabilizing agent.
The stabilizing effect of CA results from the presence of citric ions, which also fall within the
halide groups. However, the more powerful metal-binding properties of CI~ from CTAC typically
surpass the stabilizing activity of CA. Hence, the reducing capability of CA is now playing the
dominant role in controlling the chemical and kinetic interactions, allowing a change in the
crystallinity and size of the gold seeds.

As a reducing agent for gold seeds formation, the chemical reaction involving CA can be
described as follows:

2HAUCI4 + 3CsHgO7 (citric acid) — 2Au + 3CsHeOs + 8HCI + 3CO2

The higher concentration of CA leads to the Au monomers' stronger surface potential,
which enhances the Au monomers' interaction to form the gold seeds. In addition, the higher
concentration of CA (or lower ratio of CTAC:CA) leads to the formation of larger gold seeds, as
demonstrated in Figure 2(c). On the other hand, a lower CA concentration (or higher CTAC:CA
ratio) is preferable to construct smaller gold nanoseeds. Furthermore, the lower CA concentration
(or higher CTAC:CA ratio) also leads to the higher density of halide ions of CI~ from CTAC
because of the low competitiveness between CI™ and citrate ions. The high affinity of halide ions
on the gold surface was described in detail by Meena et al.[23]. The CI™ halide ions protect and
stabilize the gold seeds' surface during the reduction process of the precursor AuCls~ to Au® by
NaBH,. Consequently, the higher ratio of CTAC:CA resulting a smaller size of gold nanoparticles
(spherical shapes) with good stability. Next, for AUNB growth, identical precursors were used for
the three initial gold nanoparticle production. The precursor solution contains: 9 mL of 0.5 M
CTAC, 2.2 mL of 0.01 M HAuCls, 0.4 mL of 0.01 M AgNOs, 0.9 mL of 1 M HCI, 0.4 mL of 0.1
M of AA. In this process, the anisotropic growth of gold nanoseed forms AuNB shape. The
anisotropic growth can be explained, due to the different energy binding of the halide ions on the
different crystalline of gold, especially strongest in the Au (111) orientation compared to the other
orientations[23,24]. This mechanism leads to rapid nanoparticle growth in Au (110) orientation
and slower growth in Au (111) direction; therefore, the AUNB can be formed.

The absorbance peak for AUNB from Au seed prepared with 0.05 M, 0.10 M, and 0.15 M

is at 527.0, 526.0, and 527.8 nm, respectively (Figure 2(d)). In addition, the absorbance behavior
shows that AUNB from seed solution prepared with the lowest concentration of citrate exhibits the
highest longitudinal peak, corresponding to a higher AuNB yield shown by vertically localized
surface plasmon resonance (LSPR) properties [21,62,63]. Figure 2(e) concomitantly verifies the
absorbance characterization of the synthesized AuNB by the significant changes of the red/purple
color of the solution toward dark brownish as the citrate solution is reduced. Such color alterations
imply the formation of bipyramids with various aspect ratios and shapes, which means a lower
amount of spheres [21].
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Figure 2. (a) absorbance characteristics of Au seed, (b) photograph of Au seed solution, (c) Au
seed size (d) absorbance characteristics of AuNB, and (e) photograph of the color difference of
AUNB solution from Au seed prepared with varying CTAC:CA ratio.

Morphological characteristics of the synthesized AuNB portrayed by TEM affirm the
optical properties mentioned above. Figures 3(a) and (b) reveal that with 0.15 M citrate, most of
the particles remain spherical, with some pseudo-spherical and nanorod to dumb-bell structures
with an average length of ~17.7 nm. With lower citrate concentration down to 0.1 M, as seen in
Figures 3(c) and (d), we observed that some particles turn into a rice-like structure where slightly
sharp tips at both corners start to appear with an average length of ~54.7 nm. Subsequently, with
the lowest citrate concentration at 0.05 M (CTAC:CA ratio 20:1), most of the seeds successfully
transformed into bipyramid structures with much sharper tips than those produced with higher
citrate concentrations, with preserved penta-twinned crystallinity and an average length of ~54.8
nm (Figure 3(e) and (f)). A complete series of particle size analysis of the produced AuNB is
presented in Figure S4. Our findings attest to the importance of adjusting surfactant and acid ratio
for more controllable monodisperse seed into AuNB structures since excessive surfactant
concentration may trigger specific issues, including highly viscous solution, solubility problems,
and uncontrollable flocculation and transformation from spherical micellar seeds to rod-like or
worm-like structure [24,64].



Figure 3. TEM images of the AUNBs synthesized by various ratios of CTAC:CA at (a and b) 20:3, (c and
d) 20:2, and (e and f) 20:1, in different magnifications.

3.2 Electrochemical characterization of AUNB-modified electrode

The drop-casting method is opted for due to its low cost and simplicity compared to other
techniques, such as ink mixing [65]. To determine the presence of AUNB, 0.5 M H2SO4 was used
to evaluate the characteristic of polycrystalline Au, represented by the appearance of a reduction
peak in acidic conditions [19]. This peak is caused by the reduction of Au oxides during the
positive potential scan [17,19,66]. To provide firm immobilization of AuNB onto the SPCE, a
binder is needed. In this research, Nafion and DTT were used. Nafion is one of the binders
commonly used for the drop-casting method. Meanwhile, DTT with disulfide compound binds the
AUNB through an Au-thiol bond [67]. As seen in Figure 4(a), there is no reduction peak for bare
SPCE, while a reduction peak at 0.7 V was recorded for AuUNB-direct drop cast onto the electrode
surface. Surface treatments with AuNB-Nafion and DTT-AuUNB result in Ipreq of 2.14, 1.37, and
2.56 YA, respectively, implying the most effective AUNB immobilization via the DTT linking



agent. Accordingly, the CV measurement for [Fe(CN)s]*/ [Fe(CN)s]* redox reaction was
conducted to determine the electrochemical response of the AuUNB linking protocols, as seen in
Figure 5(b). The redox peak and electroactive surface area in the modified electrode were obtained
using Eq. 3 [14,68], where Ip is the peak current (LA), n is the number of electrons, Dr is the
diffusion coefficient (cm? s™1), C is the analyte concentration (UM), v is the scan rate (V s1), and
A is the electrode electroactive surface area (cm?). Diffusion coefficient for ferrocyanide is 6.2 x
10° cm? s [14].

Ip =2.69 x 105 An3/2 Dy'/? ¢ v1/2 (Eq. 3)
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Figure 4. (a) AuNP characterization by CV using 0.5 M H,SO; analyte and (b) using [Fe(CN)s]*
/[Fe(CN)s]* redox probe to determine the effectivity of AUNB immobilization onto the electrode using
different linkers.

Table 1 summarizes that the DTT provides effective AUNB immobilization and coverage on the
SPCE, shown by a much higher oxidation peak and electroactive surface area than other linking
methods. Before using the modified electrode for dopamine detection, we also studied the
optimized volume of AuNB for an effective electrochemical response. Tested with 1 to 5 pL of
AUNB solution, the cyclic voltammogram presents that an optimum cathodic current peak response
at —48.55 nA was achieved with 4 uL of AuNB solution drop-casted onto the SPCE (Figure S2).

In Figure 4(b), the Nafion role as the AuNB binder leads to a significantly drop in the
electrochemistry signals. This phenomenon can be explained by the fact that Nafion is a polymer
that is highly selective for proton exchanges [69]. This material blocks the electrons, which leads
to the very low current peaks of the electrochemistry measurements.



Table 1. Peak current (Ip) and electroactive surface area value from the anodic peak from various surface
modifications on SPCE

Ip (LA) Electroactive Surface Area (cm?)
Bare 40.42 0.027
AuNB — Nafion 19.17 0.013
AuNB 49.75 0.033
DTT — AuNB 56.86 0.038

3.3 The electrochemical sensing performance of AuNB-modified electrode for dopamine sensor

The electrochemical response of AuNB-modified electrode for dopamine sensing is initially
recorded by CV in the measurement of PBS without and with 1 mM DA. The response against
the presence of dopamine substantially results in four peaks corresponding to the redox reactions
of dopamine at the sensing interface, as shown in Figure 5(a), while no peaks were observed under
the measurement with only PBS. Comparative electrochemical response in Figure 5(b) suggests
the higher electrocatalytic performance of AuUNB-modified electrode by the increment of 3.64%
and 1.21% of anodic and cathodic peak currents, respectively, from the bare state (Table S1),
induced by accelerated electron transfer process between the analyte and the surface [70].
Meanwhile, the four electrochemical reactions in DA detection include an anodic (peak I) and
cathodic (peak Il) peak that form a pair related to dopamine that is oxidized and becomes dopamine
0 quinone (DQ) reaction (Figure 5(c)). Another pair is a cathodic (peak I11) and an anodic (peak
IV) peak associated with the cyclization of DQ to form Leukoaminochrome (Figure 5(d)) [71].
The second reaction occurred because the measurement conditions were at a neutral pH (7.4),
causing additional cyclization and polymerization reactions. Since this reaction could be
minimized at low pH resulting in only the first reaction occurrence [71], we focus on peaks | and
Il. We also observed a diffusion-controlled mechanism in dopamine sensing by applying the
ascending scan rates from 25 to 200 mV/s (Figure S3). The selectivity of the sensor was tested to
detect various analytes, namely 1 mM dopamine, 1 mM ascorbic acid (AA), 1 mM uric acid (UA),
and 10 mM in 0.01 mM PBS or urea. As seen in Figure 5e, the bare electrode shows low selectivity
by the appearance of only one prominent peak at the same potential when exposed to different
analytes. In contrast, the AUNB-modified electrode establishes higher selectivity by the appearance
of varying peak locations ascribing to the measurement of dopamine, AA, UA, and urea with
resulting potentials of -0.3 V and 0.15 V, -0.1 V, 0.27 V, and 0.05 V, respectively.
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electrode and (f) AuNB-modified electrode in detecting different analytes

The sensitivity of the sensor is evaluated by measuring a series of dopamine concentrations
by chronoamperometry. This technique was chosen due to its high sensitivity, resulting in a low
limit of detection (LoD) [19]. Figure 6(a) displays a real-time chronoamperogram of the increased
dopamine tested. The linear regression curve of dopamine detection in the dynamic range of 0.1
to 100 pM with the correlation coefficient (R?) of 0.9974 is seen in Figure 6(b). The sensor shows
excellent sensitivity of 0.1133 pA pMtcm dopamine, which is significantly higher than several
other published reports on electrochemical dopamine sensors [47,57], implying the versatility and
efficiency of our developed AuNB-based sensor. Regarding detection limit, from equations 1 and
2, itis calculated that the proposed sensor produces an outstanding LoD of 0.037 uM with accuracy
and repeatability represented by LoQ of 0.113 pA. The elicited detection limit falls below the

detection range for dopamine in urine (0.3-3 puM), designating the suitability of the sensor in a
clinical setting.
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Figure 6. (a) chronoamperometry results and (b) calibration plot of the measurement of dopamine
concentrations ranging from 0.1-100 pM.

The reproducibility of the AuNB electrochemical sensor is of great importance for its
practical application. Amperometry signals of five different AUNB-modified SPCEs to 1 mM
dopamine were monitored under the same conditions. As shown in Figure 7(a), the amperometry
measurement shows the stability of the five individual sensors for measuring 1 mM DA with the
anodic peak current in CV measurement for each sensor plotted in Figure 7(b). It is calculated that
the coefficient of variation from this dataset is less than 3.45% (with a mean of 1.9%), indicating
remarkable reproducibility of the AuNB-modified electrode for DA detection. The
chronoamperometry method is also used to revalidate the selectivity screening performed earlier
with CV. It is shown that the amperometric signals could clearly distinguish the pure DA and other
analytes. Being tested with the dopamine mixed with other analytes, the sensor recovers a
considerably stable signal as in pure dopamine measurement with slightly lower value that could
be the impact of the interfering agents. Nevertheless, this behavior is indicative of the proposed
sensor's ability to detect dopamine in complex matrices.

The performance factors comparison with previously published works in dopamine
electrochemical sensing devices is compiled in Table 2. These reported works represent an
important milestone in the advancement of electrochemical detection of dopamine to date. While
in terms of sensitivity and dynamic range, our system is highly comparable with the published
results, a significant highlight is a real-time detection, in which our proposed system outperforms
most previous research applying various nanomaterials. It is also noteworthy that being compared
to AuNP sphere composites with other materials such as MoS,, reduced Graphene Oxide (rGO)
and Graphene (G), our AuNB-modified electrode produces a smaller LoD in detecting dopamine
[72—74]. Outstanding LoD and real-time detection offered by our AuNB-modified electrode are
significantly necessitated for dopamine detection in clinical settings.
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Figure 7. (a) amperometry measurement of five different AuNB-modified electrodes for detecting
1 mM DA in PBS 7.4, (b) Ip of the anodic peak from the CV measurement, and (c) selectivity of
the AuNB-modified electrode against pure DA, UA, AA, urea and DA mixed with UA, AA, urea
measured with chronoamperometry.

Table 2. A summary of related literatures of electrochemistry sensors for dophamine detection.

Modified Material Linear LOD Sensitivity Real Method / Sensor Ref

Range (uM) (UM)  (MApM™  time Used
cm?)
AuUNP 2-58 0.2 550.4 No DPV / SPCE [57]

AuUNP 10-600 0.7 0.15 No DPV / GCE [47]




MoS2/Au 0.5-300 0.076 n/a No DPV / CPE [72]

rGO/AUNPs 0.1-100 0.095 n/a No DPV / GCE [74]

Au-G 0.08-600 0.05 n/a Yes Amperometric/ CPE  [73]

AUNBPs/MWCNT  0.05-2700  0.015 n/a No Amperometric / [19]

GCE

AuUNR@ZIF-8 0.1-50 0.03 n/a No CV/GCE [75]

AuNB 0,1-100 0.037 0.113 Yes Amperometric / This
SPCE Works

DPV = Differential Pulse Voltammetry

4 Conclusions

We have designed a facile synthesis of gold nanoparticle bipyramid (AuNB) by optimizing
surfactant and acid ratio leading to a smaller Au seed for controllable growth into AUNBSs with
improved catalytic activity. We found that maintaining citrate ions at low concentrations and
allowing higher CTAC is pivotal in yielding tinier Au seed and transforming its spherical structure
toward penta-twinned crystal of bipyramid Au. Carried out to modify an electrochemical working
electrode, the AUNB exhibits remarkable electrochemical properties, such as electroactive surface
area enhancement through a simple and low-cost drop-cast method and thiol-binding mechanism,
thanks to the handy and commercially available screen-printed carbon electrode that paves an
avenue for miniaturization and convenient use of sensors. Being applied as dopamine sensor, the
AuUNB-modified electrode results in a wide dynamic range detection with considerably outstanding
sensitivity, rapid response, low detection limit, high selectivity, and reproducibility. Overall, the
proposed AuNB-modified sensor showcases excellent sensing characteristics and high potential in
developing electrochemical point-of-care devices.
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