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In this work, a novel electrochemical sensor based on siloxene material is proposed for selective detection
of dopamine (DA). We have prepared a two-dimensional silicon material called siloxene sheets via dein-
tercalation of calcium from calcium disilicide (CaSi, ) and reviewed their electrocatalytic activity towards
DA sensing. Characterization methods like X-ray diffraction, scanning electron microspore, transmission
electron microscope, X-ray photoelectron spectroscopy, and Brunauer-Emmett-Teller surface analyser

ls{ely words; were employed for analysing the material properties of the as-prepared siloxene. Electrochemical tests
Dloc;);i;liene proved that the siloxene modified glassy-carbon electrode (siloxene/GCE) exhibited the excellent activity

of dopamine detection. The fabricated electrode demonstrated a low detection limit of 0.327 uM with
a wide linear range (10-190 wM; 200-1100 M). The proposed sensor also showed excellent selectiv-
ity, stability, and reusability. This work suggests that the electrodes with siloxene based materials are
promising for electrochemical sensors application.

Electrochemical sensor
Differential pulse voltammetry

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Two-dimensional (2D) nanomaterials have acquired significant
research attention in the modern world [1,2]. Since the advent of
the graphene material, the research directions turned into find-
ing new 2D materials for potential applications [3,4]. Up to date,
numerous 2D materials including transition metal dichalcogenides
(TMDs) like molybdenum diselenide (MoSe,) [5], molybdenum
disulphide (MoS;) [6], as well as phosphorene [7], graphitic car-
bon nitride (g-C3N4) [8], MXene materials [9] have been discovered
and developed for various applications, especially for electro-
chemical applications such as energy conversion and storage like
supercapacitors, batteries, hydrogen evaluation and electrochem-
ical biosensors [10-14]. The investigation of the electrochemistry
of such 2D materials is still open-ended, which demands detailed
study for the practical usage [15]. The basic fundamental electro-
chemical properties of these materials have been studied over the
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past decade for bio-molecule sensing applications. However, the
lack of an energy bandgap of the materials mentioned above has
hindered their performance in the current market, which urges to
find other semiconducting 2D materials [16].

Siloxene, a direct bandgap semiconductor with 2D structural
configuration was firstly reported by Wohler in 1863 and can
be prepared via deintercalation of calcium from calcium silicide
(CaSiy) [17,18]. It has been discovered and utilized in electro-
chemical water splitting, and supercapacitor electrode material
thanks to the surface-terminated functional groups such as oxy-
gen, hydrogen, and hydroxyl groups with Si chains [19,20]. Unlike
graphene planar structure, siloxene is a low-buckled structure as a
result of the double bond rule (mixed of sp? and sp hybridization
bonds)[21-23]. Various types of the siloxene have been reported in
accordance with the stoichiometric ratio of Si:H:O. In general, the
stoichiometric ratio of Si:H:O of siloxene is 2:2:1 [24]. Two types
of siloxene structure have been confirmed in literatures; 1. Weiss-
type structure (Sig(OH)3H3), wherein alternating Si-OH and Si-H
bonds are present around Sig rings [25]. 2. Kautsky-type structure
(SigO3Hg), in which Sig rings are linked via Si-O-Si bridges [26,27].
Siloxene sheets have been experimentally explored as an elec-
trode material for supercapacitor with excellent electrochemical
features by Krishnamoorthy et al. [18]. Similarly, calcium-bridged
siloxene anode material has improved the cyclability of the lithium-
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Scheme 1. Fabrication of siloxene/GCE modified electrode and plausible electrochemical oxidation mechanism of dopamine at siloxene surface.

ion battery [28]. Sun et al. reported carbon coated Silicon (C@SiOy)
from siloxene, which improved the Li-ion storage with high specific
capacity of 760 mA h g1 [29]. Thanks to the planar Si structure with
the interconnection of Sig rings and various functional groups and
its extremely large surface area, we anticipate that siloxene could
possess several merits in the development of biosensors applica-
tions.

Dopamine (DA) is a catecholamine family neurotransmitter
that has a crucial function in the human central nervous system
and cardiovascular systems [30,31]. The imbalance or abnormal
metabolisms of DA may lead to several diseases such as cancer,
Parkinson, Huntington, and dementia [32]. Therefore, the facile
detection and monitoring of DA are essential, which has received
significant interest in the biosensing field. A variety of meth-
ods have been explored for the selective detection of dopamine,
including chemiluminescence [33], gas chromatography-mass
spectrometry [34], colorimetry [35], capillary electrophoresis [36]
and electrochemical method [37]. Among them, the electrochem-
ical detection technique is more adaptable for dopamine sensing
thanks to its rapid response, high sensitivity, good selectivity, and
low-cost[38]. On account of the better electrochemical active prop-
erties of the dopamine, the electrochemical technique has been
known to be an effective method for high accuracy and low-cost
detection of DA [39].

However, the electrochemical quantification of DA encounters
a couple of major problems. One is electrode fouling upon oxida-
tion, and the next one is the interference of several other biological
molecules due to their overlapping potentials, leading to poor
selectivity and reusability [40]. For example, the interfering com-
pounds such as uric acid (UA) and ascorbic acid (AA) molecules
possess the same oxidation potential that can be interfered during
the detection of DA, which influences the selectivity and repro-
ducibility of the electrode [41]. Till date, numerous strategies have
been made to solve these drawbacks, which includes the various
surface modifications on the electrode, finding new material for
making electrodes and new electrochemical techniques [42]. Tak-
ing account of the issues above, the design, and synthesis of new
electrode material is a primary task, which would be extremely
beneficial for the development of cost-effective electrochemical
sensor with high selectivity and wide linear range of detection.

From this perspective, in this work, we have explored the elec-
trochemical activity of siloxene for the detection of DA. Siloxene is
synthesized and used to modify glassy carbon electrode, where DA
is electrochemically oxidized, as shown in Scheme 1. The dopamine
is oxidized to form o-dopaminoquinone (DOQ) in aqueous solution

at the surface of the siloxene with two-electron oxidation and two-
protons of the hydroxyl groups [43]. Similar to the graphene, the
oxygen-containing groups in siloxene play a vital role in the electro-
chemical oxidation of DA. The surface oxygen and hydroxyl groups
at the basal and edge plane of the 2D siloxene can provide multiple
electro-active sites for dopamine [44], which could greatly facili-
tate the electron transfer between the electrode and electro-active
species. Therefore, detection of the sensing current reflects the DA
content.

To the best of our knowledge, this is the first attempt to uti-
lize siloxene in the electrochemical sensor applications, especially
for dopamine determination. The siloxene sheets have been syn-
thesized via deintercalation of calcium from calcium silicide and
investigated its electrochemical dopamine sensing response by dif-
ferential pulse voltammetry (DPV) technique. The proposed sensor
exhibited a low detection limit with a wide linear range and good
selectivity.

2. Experimental section
2.1. Preparation of siloxene sheets

The two-dimensional siloxene sheets were prepared via dein-
tercalation of calcium from Calcium disilicide (CaSi,, purchased
from Alfa Asear, China) in Hydrochloric acid (HCI, 37% assay) solu-
tion. Briefly, 0.8 g of CaSi, powder was immersed in 100 mL of HCI
solution at 0°C with continuous stirring for four days under nitro-
gen atmosphere. Afterward, the yellowish green solid powder was
centrifuged (Scheme 2) and washed with acetone for twelve times.
Finally, the obtained product was dried at 80 °C under vacuum con-
dition.

2.2. Materials characterization

Powder X-ray diffraction (XRD) pattern of siloxene and CaSi,
samples were collected by Rigaku Smartlab diffractometer. Cu-
Ko radiation (A =1.540 A) was utilized to characterize the samples
with the 20 interval from 6 to 70°. The functional groups of silox-
ene were identified by Fourier transform infrared spectroscopy
(FTIR, IR Tracer-100, Shimadzu, Japan). Scanning electron micro-
scope (SEM, Zeiss Merlin) and Transmission electron microscope
(TEM, Tecnai F 30) were used to identify the structural morphology
of the siloxene. The thickness of siloxene sheets was determined by
Atomic-force microscopy (AFM, 5500 AFM/STM) in tapping mode.
Brunauer-Emmett-Teller (BET) textural characteristic of the sam-
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Scheme 2. Synthesis of the siloxene sheets through deintercalation of calcium from calcium disilicide.

ple was recorded by BET-ASAP2020. The surface elements and their
chemical states of the sample were identified by X-ray photo-
electron spectroscopy (XPS, ESCALB 250Xi) with Mg K radiation.
Contact angle analyzer (Dataphysics, OCA-20, Germany) was used
to measure the water wettability on the siloxene surface.

2.3. Preparation of siloxene modified glassy-carbon electrode
(siloxene/GCE)

Typically, a bare glassy-carbon electrode was well-polished with
alumina powder (0.05 wm). After polishing, the electrode was son-
icated successively in distilled water and ethanol for 10 min. Then,
the cleaned electrode was left to dry in the room temperature. Sub-
sequently, 5 mg of the siloxene was taken in 50 L Nafion (5% w/w
in water and 1-propanol) containing 5 mL of ethanol and sonicated
for 30 min. After that, 6 L of the prepared siloxene solution was
coated on the cleaned electrode by the drop-casting method using
a micropipette and dried at room temperature (Scheme 1). 0.1 M
of phosphate buffer solution (PB) with pH 7.0 was used as an elec-
trolyte, and the dopamine sensing performance was analyzed using
cyclic voltammetry (CV) and Differential pulse voltammetry (DPV)
techniques.

3. Results and discussion
3.1. Formation of the siloxene sheets

The topotactic conversion of Zintl phase CaSi, into two-
dimensional siloxene sheets by HCl is presented in Scheme 2.
Deintercalation of calcium from CaSi, together with the func-
tionalization of the siloxene sheets (oxygen and hydroxyl groups)
co-occurred during the reaction which can be identified from a
color change (black to yellow-greenish) confirming the formation
of siloxene sheets [18]. The formation reaction of the siloxene can
be expressed by the following equation [25],

3CaSi, + 6HCl +3H,0 — SigO3Hg + 3CaCl, + 3H; 4 (1)
3.2. Characterization of the as-prepared siloxene

X-ray diffraction (XRD) was used to characterize the crystal
structure of the as-prepared siloxene, and the obtained outcome
is compared with CaSi,. From Fig. 1, the sharp diffraction peaks
of CaSi, are in good agreement with JCPDS card number 75-2192
[18,20]. The XRD pattern of siloxene shows broader peaks cen-
tered at 13.7 and 24° accompanied with sharp peaks at 28.5, 47.2,
and 56.1°. The former ones are associated with the siloxene phase,
which denotes the transformation of siloxene from calcium dis-
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Fig. 1. XRD patterns of CaSi, and siloxene.

ilicide [45]. The sharp peaks (indicated as *) correspond to the
common impurity (crystalline silicon) in CaSiy. The same impurity
peaks were reported previously by Dahu et al. [46].

The specific surface area measurement and the porous nature
of the as-synthesized siloxene were evaluated by N, adsorption-
desorption isotherms analysis. As shown in Fig. 2(a), the prepared
siloxene exhibits type IV isotherm with H3 type of hysteresis. The
sharp climbing hysteresis loop at the high relative pressure (P/P,)
between 0.8 to 1.0 demonstrates the existence of the mesoporous
behaviour [47], which attributes to the slit-like pores of siloxene.
The formation of such slit-like pores is as a consequence of aggre-
gated siloxene sheets. A similar phenomenon has been reported for
graphene platelets [48,49]. The specific surface area of the silox-
ene is measured to be 30.89m?2 g~!. And the corresponding pore
size distribution is calculated from the desorption branch by the
Barrett-Joyner-Halenda (BJH) method, which further confirms the
mesoporosity behaviour. From the inset of Fig. 2(a), it is estimated
that the peak centered at around 4 nm, which is the optimal pore
size for the ions penetration directly into the surface of the active
electrode material. Thus, the siloxene sheets with open porous
structure and high surface area can offer considerably more active
sites for electrochemical reactions.

The functional group’s attachment of siloxene during the
topotactic reaction was confirmed through FTIR analysis. The trans-
mittance spectrumis presented in Fig. 2(b). The characteristic peaks
at 445, 876, 1052, and 1634 cm~! correspond to the vibrations of
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Core-level XPS spectrum of Si 2p and O 1s of siloxene.

v (Si-Si), v (Si-H), v (Si—0—Si), and v (Si-OH), respectively. A band
at 2138 cm~! associated with v (0Si,=Si—H) mode can be found
clearly, which indicates a Kautsky-type structure [18,26]. The pres-
ence of the bands at 2251 and 3409 cm™! can be associated with
the modes of vU(03=Si—H) and U(—OH) [28]. This study confirms
that most of the surface in siloxene has undergone oxidation and
hydroxylation. Since the functional groups have been proved to be
beneficial to the biomolecule’s functionalization during biosensing
[50,51], the presence of oxygen and hydroxyl groups in siloxene
could improve the electrocatalytic oxidation process of dopamine
sensing.

The elements, as well as their chemical composition states in
the prepared siloxene sheets, were further studied by XPS analysis.
The survey scan of the siloxene is given in Fig. S1, and the spec-
trum validates the presence of Si and O elements. It is noteworthy
to mention that no peak has been recognized in the binding energy
from 300 to 400 eV, which suggests the complete removal of Ca
element from CaSi, during the topotactic reaction. Furthermore,
the core-level spectrum of Si 2p (Fig. 2¢) has significant peaks at
99.6, 100.1 and 102.8 eV, which can be assigned to the characteris-
tic peaks of Si-H, Si-Si and Si-O, of 2D silicon network, respectively
[52,19]. The existence of the elemental (Si-Si) at the lower bind-
ing energy is due to the impurity in the CaSi; precursor. However,
the intensity of the Si-Si mode is weak and can be negligible.
Besides, the fitted Si-O, region consists of the additional charac-
teristic peaks which reveal the occurrence of different oxidation
states of Si probably from silicon suboxides network [53]. The oxy-
genated and hydroxyl-functionalized counterparts of as-prepared
siloxene were confirmed by the O 1s spectrum (Fig. 2d). In the
deconvolved spectrum, the binding energy located at 531.1, 532.4,
and 533.0eV corresponding to Si-(OH)y, Si-O4 and Si-O, bonds of
two-dimensional Si chain networks, respectively [54]. The ratio of

O/Si atoms in the siloxene is found to be 1.54 from the XPS analysis,
which agrees well with previously reported work [55].

The structural morphology of the siloxene was studied with the
scanning electron microscope and transmission electron micro-
scope. The SEM images of the siloxene revealed that the multi-layer
stacked structure with interlayered voids (mentioned in Fig. 3a).
The existence of the voids between the layers could be benefi-
cial for fast electrolyte ion diffusion during the electrochemical
redox reactions. Fig. 3(c and d) shows the TEM images of siloxene,
which demonstrates its sheet-like structure with the dimension
from a few nm to micrometers. Furthermore, the occurrence of the
elements in siloxene was analyzed by SEM mapping and energy
dispersive X-ray spectroscopy (EDS) analysis. In Fig. 4, a homoge-
nous distribution of Si and O atoms can be observed throughout the
prepared siloxene. The EDS spectrum confirms the presence of Si
and O elements in siloxene.

Atomic microscopic image of siloxene sheets coated on cleaned
Siwaferis presented in Fig. 5. The large-scale image (Fig. 5a) reveals
the two-dimensional thin sheet-like structure of siloxene. As can
be seen in section analysis, the majority of sheet exhibits uniform
morphology with a thickness of around 6 nm, which demonstrates
the few-layers of siloxene. The 3D view of the image (Fig. 5b) further
validates the uniformity of the siloxene. It should be noted that, a
few of the thick sheets (thickness more than 15 nm) have also been
observed in the sample probably due to the unexfoliated region of
siloxene.

The water wettability on the siloxene surface was measured by
the contact angle method, as shown in Fig. S2. Compared to the bare
glass substrate with a relatively hydrophilic surface (contact angle
36.2 +1.1°), the siloxene coated glass surface exhibited the contact
angle of 127.7 4+ 1.2°, which implies the hydrophobic nature of the
siloxene.
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3.3. Electrochemical studies of dopamine sensing

3.3.1. Electrochemical behaviour of siloxene/GCE electrode
Electrochemical impedance spectroscopy (EIS) is useful to

review the surface conductivity changes of the bare glassy-carbon

electrode (GCE) and the modified electrode. Fig. 6(a) shows the

Nyquist plot of bare GCE and siloxene modified GCE in 0.1 M
of [Fe(CN)g]*~/4~ contain 0.1 M of KCl electrolyte medium. The
Nyquist plot of EIS includes a semicircle at the high-frequency
region which refers to the electron transfer limiting process, and
the value of the semicircle diameter is known as charge transfer
resistance (R¢t) [56]. A linear straight line at the low-frequency
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the linear portion is almost parallel to the y-axis, which might
attribute to the high electron conduction process between the
electrode/electrolyte interface. The Randles circuit was used for
fitting the impedance data, as shown in the inset (ii) of Fig. 6(a).
From the circuit, R, Ret, Cq;, and W represents the solution resis-
tance, charge transfer resistance, double-layer capacitance and
Warburg impedance, respectively. The R value of bare GCE and
siloxene/GCE electrodes are estimated to be 67.6 2 and 9.1 €2,
respectively. These observations demonstrate that the modifica-
tion of GCE with siloxene could increase the conductivity during
the electrochemical redox reactions.

The electrochemical catalytic behaviour of siloxene modified
GCE electrode before and after addition of 400 wM DA in 0.1 M PB
solution was recorded by CV technique as shown in Fig. 6(b). The
siloxene/GCE electrode shows a well-defined redox peak response
(indicated as (ii) in Fig. 6b) after the addition of DA. This result
confirms the superior electrocatalytic activity of the siloxene sheet
towards DA detection.

The electrochemical kinetics of DA sensing on the modified elec-
trode at various scan rates in 400 WM of DA-containing 0.1 M PB
solution were further evaluated by CV measurements. As from
Fig. 6(c), the anodic and cathodic peak currents (Ip, and Ipc)
increase significantly with increasing scan rates. On the other hand,
the redox peak potential is shifted towards positive and negative
at higher scan rates, which demonstrates the fast electron transfer
phenomenon between the modified electrode and DA [58]. Besides,
the calibration graph is drawn among the redox peak currents and
the square root of the scan rates shown in Fig. 6(d). A linear increase
in both anodic and cathodic peak currents with the square root of
the scanrate reveals the diffusion-controlled electrochemical redox
reaction of DA at siloxene modified GCE electrode [59].

3.3.2. Detection of DA at siloxene modified GC electrode

Since the DPV method affords several advantages in compari-
son with other electrochemical processes such as high sensitivity,
rapid response, and the wide linear range [60], the DPV tech-
nique was applied to recognize the selective DA detection of the
proposed modified electrode under the optimal experimental con-
ditions. Fig. 7(a) exhibits the DPV response of the siloxene modified
electrode in the presence of various DA concentrations in the PB
solution. From the DPV profile, the oxidation peak current response
of the siloxene modified electrode increases gradually with the
addition of DA from 0 uM to 1.1 mM, which proves the excellent
electrocatalytic activity of the layered siloxene structure towards
the DA oxidation process. Besides, a linear relationship is attained
between the oxidation peak current and the concentration of DA
with two linear ranges (Fig. 7(b)) i.e., the first linear range is
observed from 10 to 190 M (lower concentration range) with
the correlation coefficient of R2=0.9944 and the second linear
range from 200 wM to 1.1 mM with R? value 0.9947 (higher con-
centration range). The sensitivity and limit of detection (LOD) of
the siloxene/GCE electrode for DA detection were determined at
lower linear response region, and the estimated sensitivity and
LOD of DA oxidation is about 0.0728 wA uM~! cm? and 0.327 wM,
respectively. Our siloxene/GCE modified electrode shows superior
detection of DA with a lower detection limit, the comparison of the
analytical performance of previously reported DA sensors is made
and given in the Table 1.

3.3.3. Effect of potentially interfering substances

Selectivity is an essential characteristic of the electrochemical
sensors for practical application. The selectivity of the fabricated
sensor in the presence of interfering compounds has been inves-
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Table 1

Analytical performance characteristics for other two-dimensional electrochemical sensors reported for dopamine detection.
Electrode? Technique LOD (M) Linear range (M) Ref
ERGO/GCE DPV 0.50 0.5-60 [61]
AG/GCE DPV 0.33 0.5-35 [62]
G/SnO,/GCE DPV 1.0 2-100 [63]
rGO/Ce0,/GCE DPV 10 10-150 [64]
rGO/TiO, DPV 1.5 1-35; 35-100 [65]
N-RGO/MnO DPV 3.0 10-180 [66]
N-RGO/GCE LSV 0.93 120-220 [67]
Ag/Graphene/GCE LSV 54 10-800 [68]
Bi/GNS/GCE Amperometry 0.35 1-30 [69]
Si0;/C/CuPc Amperometry 0.60 10-140 [70]
Siloxene/GCE DPV 0.327 10-190; 200-1100 This work

2ERGO - Electrochemically reduced graphene oxide; AG - Activated graphene; G — Graphene;

GNS - Graphene nanosheet; CuPc - Copper phthalocyanine.
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Fig. 8. (a) The reproducibility of siloxene modified electrode for five different electrodes (b) Repeatability of a modified electrode in the presence of 80 wM of DA-containing
0.1 M PB solution (c) plot of the oxidation current versus the number of a run for ten consecutive measurements (d) Stability of the modified electrode.

tigated by DPV method. Fig. 7(c) reveals the DPV response of the
siloxene modified electrode in the presence of DA with other inter-
fering species like glucose, H,0,, UA, AA, ATP, and L-cysteine. As
can be seen from Fig. 7(c), the initial current response is observed
according to the addition of 80 wM of DA. Afterward, 80 uM of
H,0, followed by 80 wM glucose are injected successively, while
no significant difference could be found in the oxidation current
of the proposed sensor. Then, the second addition of 80 wM DA
is added into the PB solution containing glucose and H,0, inter-
fering species, and remarkable change can be seen in the oxidation
current, which indicates the good selectivity of the sensor. Further-
more, the other interfering compounds (UA, AA, ATP and L-cysteine)
have also been injected (80 LM concentration of each compound),
showing negligible current response compared with DA oxidation
current level (Fig. 7d). This demonstrates the good selectivity of the
proposed siloxene/GCE sensor for DA detection and it could be used
for the selective real-time DA detection. The detection mechanism
of siloxene has not been investigated yet. Based on our experimen-

tal results, we assume that the enhanced and selective response
of DA sensing by the siloxene probably associated to the following
reason. Since siloxene possesses a two-dimensional low-buckled
structure, the m-1 interaction between the DA phenyl structure
and siloxene planar structure results in potential electron trans-
fer during DA oxidation. Whereas, the -1 interaction of siloxene
with other interfering molecules like AA and UA is weak, lead to
inactive oxidation. A similar phenomenon has been described for
graphene-based modified electrodes to DA sensing [71,72].

3.3.4. Reproducibility, repeatability, and stability

To evaluate the reproducibility of the siloxene/GCE sensor, five
modified electrodes were fabricated in similar condition and uti-
lized for detection of 80 wM of DA-containing PB solution by DPV.
From Fig. 8(a), all the five electrodes exhibit similar oxidation cur-
rent response with a relative standard deviation (RSD) of 2.8%,
which is the acceptable reproducibility of the sensors. The pro-
posed sensor not only displays an excellent reproducibility but
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also exposes promising repeatability for DA detection. As shown in
Fig. 8(b and c), the oxidation current response of DA is almost iden-
tical for ten replicate measurements, which indicates the excellent
repeatability feature of the sensor. Since the long-term analysis of
the sensor is another crucial factor, the DPV was investigated to
determine the stability of the proposed sensor. The electrode was
stored in the refrigerator when not in use. Fig. S3 shows the DPV
response of the modified electrode in the presence of 200 .M of DA.
It is noted that the DA oxidation current of the electrode decreases
slightly after 14 days when compared with the initial measurement.
Asshownin Fig. 8(d), the current response of the modified electrode
remains up to 96.3% even after two weeks, which shows the excel-
lent stability of the sensor for DA detection. Based on our primary
results, 2D siloxene modified electrode is a promising candidate for
the selective detection of dopamine.

4. Conclusion

In summary, two-dimensional siloxene sheets have been suc-
cessfully prepared from calcium disilicide through topotactic
reaction and confirmed from the various characterization tech-
niques. A novel siloxene modified glassy-carbon electrode was
fabricated and applied for selective determination of dopamine.
The proposed sensor exhibited remarkable electrocatalytic activity
towards dopamine sensing with a detection limit of 0.327 pM and a
wide linear range (10-190 wM; 200-1100 wM). Besides, the sensor
presented excellent reproducibility, along with good repeatability
and stability. It is believed that siloxene based electrode will be a
potential choice for constructing sensitive and selective dopamine
sensing platform. The further optimization process of the silox-
ene will be investigated to heighten the electrochemical sensing
activity in the future.
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