Accepted Manuscript

Hierarchical Cu@CuxO nanowires arrays-coated gold nanodots as a highly sensitive
self-supported electrocatalyst for L-cysteine oxidation

Huu Tuan Le, Duy Thanh Tran, Thi Luu Luyen Doan, Nam Hoon Kim, Joong Hee Lee

PII: S0956-5663(19)30392-6

DOI: https://doi.org/10.1016/j.bios.2019.111327
Article Number: 111327

Reference: BIOS 111327

To appearin:  Biosensors and Bioelectronics

Received Date: 13 March 2019
Revised Date: 29 April 2019
Accepted Date: 14 May 2019

Please cite this article as: Le, H.T., Tran, D.T., Luyen Doan, T.L., Kim, N.H., Lee, J.H., Hierarchical
Cu@CuxO nanowires arrays-coated gold nanodots as a highly sensitive self-supported electrocatalyst

for L-cysteine oxidation, Biosensors and Bioelectronics (2019), doi: https://doi.org/10.1016/
j-bi0s.2019.111327.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.bios.2019.111327
https://doi.org/10.1016/j.bios.2019.111327
https://doi.org/10.1016/j.bios.2019.111327

Graphic abstract

Hierarchical Cu@Cu,O Nanowires Arrays-Coated Gold Nanodots asa Highly

Sensitive Self-supported Electrocatalyst for L-cysteine Oxidation

Huu Tuan Le?, Duy Thanh Tran?, Thi Luu Luyen Doan®, Nam Hoon Kim®", Joong Hee Lee™™”

®Advanced Materials Institute for BIN Convergence Technology (BK21 Plus Globa Program),
Department of BIN Convergence Technology, Chonbuk National University, Jeonju, Jeonbuk,

54896, Republic of Korea.

PCarbon Composite Research Center, Department of Polymer-Nano Science and Technology,

Chonbuk National University, Jeonju, Jeonbuk, 54896, Republic of Korea.

*Corresponding: E-mail: jhl@chonbuk.ac.kr (Prof. J. H. Lee) and nhk@chonbuk.ac.kr (Prof. N.

H. Kim).
Fax: +82 63 270 2341; Tel: +82 63 270 2342
P L-eysteine

SH OH ®RsH)
H,N

-+-0.1MPBS

+ 0.1MPBS + 1mML-Cystein

ENV (vs Ag/AgCI
HN oo AN ANoN

HO ( H,N
O L-cystine (Rs-SR)

Au-Cu@Cu,O NWs-3DF




Hierarchicah Cu@Cu,O Nanowires Arrays-Coated Gold Nanodots as a

Highly Sensitive Self-supported Electrocatalyst for L-cysteine Oxidation

Huu Tuan L& Duy Thanh Traf Thi Luu Luyen Doaf) Nam Hoon Kinfi', Joong Hee Lé&"

®Advanced Materials Institute of BIN Convergence @Kplus Global), Department of BIN
Convergence Technology, Chonbuk National Universigpnju, Jeonbuk, 54896, Republic of
Korea.

PCenter for Carbon Composite Materials, Departmenfolymer & Nano Science and

Technology, Chonbuk National University, Jeonjunlauk, 54896, Republic of Korea.

*Corresponding author: E-mail address: nhk@chorduukr (Prof. Nam Hoon Kim) and

jhi@chonbuk.ac.kr (Prof. Joong Hee Lee)

Tel.: 82-63-270-2301; Fax: 82-63-270-2341.

Abstract

The sensitivity, selectivity, and stability of afectrochemical sensor for detecting small
biomolecules can be significantly upgraded thropgperly controlling the morphology and
chemical structure of electrocatalyst. Herein, wabricated a unique hierarchical
nanostructure based on Cu@Ouwnanowires (NWs) array uniformly depositing wittager
of gold nanoparticles (2-3 nm) through a simplectetdess deposition process. The Au-
Cu@CuyO NWs hybrid was successfully applied as a noveldéi-free self-supported
biosensor towards L-cysteine detection with lowitimf detection (1.25uM), wide linear
detection range (1.2pM to 1.94 mM), long-term stability (four weeks), carexcellent
selectivity. In addition, the hybrid-based sensmuaately detected L-cysteine in real samples.
It was found that the obtained nanostructure withformation of strong interaction between
Au and Cu phase produces synergistic effects, whigbrove exposed electroactive site

number, accelerate charge transfer rate, and serearface area, thereby boosting the



sensing performance. The results open a potensglte develop electrochemical sensor for
efficiently detecting not only L-cysteine but alsther small molecules with high sensitivity,

accuracy, stability, and cost-effectiveness in theedre and disease diagnosis.

Keywords. Copper-copper oxide nanowires; gold nanopartilgera electrocatalyst;

electrochemical biosensor.

1. Introduction

In recent years, the development of electrochdrbioaensors for food quality controlling,
environmental monitoring, health care, and clingialgnostics, has become a hot topic due to
their ease of synthesis, low cost, fast resporaiability, and suitability for direct analyses.
Owning to unique morphology, structure, and prapsytmetal nanomaterials have important
role in producing efficient electrochemical biosersswith enhanced sensitivity and long-
term stability (Jana et al., 2018; Karmaoui et 2017; Thanh et al., 2018). Among various
metal nanomaterials having high catalytic activiggod stability, abundant availability, and
low cost, Cu-based nanostructures derived from i@ucapper oxides have been widely and
successfully used (Billy and Co, 2018; Mierczynskial., 2016). Mean Cu metal has been
considered as the most common connector with exdedllectrical conductivity for creating
electronic nanodevices (Jason et al., 2016; Lidrg.£2019), CiO semiconductor catalyst
with a narrow band gap of 1.2-1.7 eV and physicothal stability has been employed for
diverse catalytic synthesis due to the partialledi d-orbitals from the Cu ion and the effect
of the oxide ligand field on such partially filledorbitals (Gawande et al., 2012). Therefore,
Cu-CyO materials have exhibited interesting behaviorns diectrocatalysis (Eilert et al.,
2017; Huan et al., 2017). The properties of thesematerials have been demonstrated to be
highly dependent on size and morphology; therefpreper synthesis and applications of

well-defined CyO-Cu nanostructures with specific morphology, swh nanoparticles,
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nanoneedles, nanoribbons, nanosheets, and denumitesbeen proposed (Peng et al., 2016;
Ren et al., 2017). Needle nanostructures have fuegrd to have high potential with many
advantages over others, such as uniformity, langece area, abundantly active site numbers,
and easy synthesis (Li et al., 2017; Momeni e28l16). In particular, directly coupling them
with a three-dimnensinal foam (3DF) structure carthler enhance electrocatalytic activity,
surface area, charge transfer, and stability (ltitale 2017; Wang et al.,, 2017). Recent
development in electrocatalysis have indicated that merging of a noble metal with a
transition metal or its oxide phases (or both) imlosely coupled heterostructure can
impressively result in the alteration of catalydictivity, selectivity, and stability (Tran et al.,
2019; Yang et al., 2017). In this context, gold JAwas shown very promising catalytic
performance and efficiencies because of its ungpaanetric and electronic structures (Ulrich
et al., 2018; Zhao et al., 2017). The hybridizattdmoble metal, such as Au nanomaterial,
with Cu-based catalysts can alter geometry, moggylstructure of resulting materials, and
then the Cu-Ci© surface ratio, which is evidenced as an imporacitor for the catalytic
activity (Caldas et al., 2017; Konar et al., 2016)addition, the formation of high interaction
between Au-Cu effectively modulates electronic deat¢ and surface chemistry of
semiconducting catalyst with more electroactivessfor the enhanced catalytic process (Tran
et al., 2019). Furthermore, the reaction kinetan de greatly accelerated because the
presence of an Au layer at CuyQu boundary regions can efficiently improve hetero-
conductivity between Cu substrate and non-condecdiiyO catalyst. For instance, Mishara
et al. explored an enhancement of conductivityelacated electron transfer, and catalytic
properties of a nanocomposite based on CuO naotsts and Au (Mishra et al., 2019). Some
other previous reports (Abad et al., 2005; Yu ef aD10) also demonstrated that the
combination of noble metal with Cu-@D hybrid not only display superior physicochemical

behaviors but also better catalytic activity arabgity. Therefore, it is expected that a unique



hybridization of Au nanocrystals with the CuyQu nanoneedles on a 3DF may be a
promising way to enhance the catalytic efficientglectrochemical sensor.

L-cysteine (L-cys), am-amino acid, plays a crucial role in biological teyas as well as
in food processing and medical production (Denglet 2009; Silva et al., 2013). This
substance is important for metabolizing essentiathHemicals. It has been applied as a
radioprotective agent, a free radical scavenget,aanancer indicator (Zhou et al., 2007). In
addition, L-cys has also been added into antibihticys for treatment of skin damages, and it
has been utilized as an antioxidant in food pradac{Majd et al., 2013). Therefore, the
sensitive and selective determination of L-cys isryv important in biochemistry,
pharmaceuticals, and clinical analysis. Some effbeve developed electrochemical sensors
for L-cys detection (Sornambikai et al., 2017; Wanh@l., 2015). Although enzymatic sensors
have been commonly applied (Hassan et al.,, 200¥WghSet al., 2017), the high cost and
unstable nature of enzymes are critical issues ehing sensor‘'s practical applications
(Ghanbari and Babaei, 2016; Wang et al., 2018).tAaroproblem is that the use of polymer
binder significantly reduces the charge transfée,rabstruct the catalytic active sites, and
prohibit electrolyte/reactant diffusion. In addiicthe aggregation and dissolution of catalyst
during the electrochemical operation significardBcrease catalytic activity, reproducibility,
and stability. To address these issues, we dewvelapeovel nanoarchitecture based on Au
nanocrystals (2-3 nm) an a complex 1D Cu@uoanowires arrays on 3DF. The synergistic
effects from high interaction between Au-Cu proddmore exposed active sites, large
surface area, and good conductivity, thereby ymgjdiutstanding catalytic behavior towards

L-cys detection.

2. Experimental

2.1 Synthesis of Cu(OH), NWs-3DF



In a typical synthesis procedure, 3D copper fo8@DH) was cut into 1 cm x 5 cm slice
and cleaned by dipping for 15 min (with the helgohication) in acetone, ethanol, and acetic
acid in sequence. Then the 3DF was washed quickhywater until a pH of 7 was achieved.
The resulting 3DF was then immersed in a mixtunetaiaing of 2.5 M NaOH and 0.13 M
(NH4)2S,05 at room temperature and gently stirred for 15 rAiter the Cu(OH) nanoneedle
arrays were uniformly grown on the 3DF, the sanmds washed with water until a pH of 7

was achieved followed by drying at 80 for 12 h.

2.2 Synthesis of Au-Cu@Cu,O NWs-3DF

For preparing the Au-Cu@¢@ NWSs-3DF hybrid, the Cu(ORNWSs-3DF was firstly
reduced to Cu NWs-3DF at 2Win a flow of Ar gas (100 sccm) and Has (50 sccm) for 80
min. A heating rate of 3in™ was used to increase temperature to reaction tomdAfter
the reaction finished, the system was fast cootedobm temperature under Ar flow (100
sccm). Subsequently, the sample was removed anedinately immersed in 1 mM HAuglI
solution for 1 min to allow Au electroless depagition sampleScheme 1). The obtained
Au-Cu@CyO NWs-3DF was carefully washed with water beform@eried under a flow of

N> gas.
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Scheme 1. Schematic illustration for fabrication of Au-Cu@@uNWs-3DF hybrid.

3. Results and Discussion
3.1 Morphological studies

Scheme 1 shows the fabrication strategy of the Au-Cu@@UWIWs-3DF hybrid. In this
context, 3DF was first oxidized to produce®Cions, which were then converted to uniform
Cu(OH) NWs, well attaching on the skeleton surface of 3IDE to the simultaneous effect
of oxidant agent ((NE)2S;0s) and base (NaOH) (Kar et al., 2017). A reductioocpss of
Cu(OH) NWs in H at 200°C for 80 min generated Cu NNs, which were then ecied to
the Au-Cu@CwO NWs-3DF through a subsequent galvanic reactiahaidation process
during immersion in the Au precursor (Thanh et2016). FE-SEM was used to evaluate the
typical morphology and structure of the Cu(@QHYWs-3DF, Cu NWs-3DF, and Au-
Cu@CyO NWs-3DF materialgrigure 1la shows FE-SEM image of the Cu(QHYWs-3DF
hybrid with a uniform and porous structure. Thelstan surface of 3DF is completely
covered by Cu(OH)nanoneedle arrays with the diameter in the rarma 70 to 80 nmKigs.

1b and c). In the case of the Cu NWs-3DF hybrid, the umifand porous characteristics are



similar to that of the Cu(OH)NNs-3DF Eig. 1d). However, the Cu NNs displays
interconnected flexibility and a rough surface, gegjing a better porosity than Cu(QH)
NWs-3DF Figs. le and f). Particularly, the Au-Cu@GO® NWSs-3DF hybrid exhibits an
extremely rough and highly porous morphology ongkeleton surface of the 3DFig. 1g).

In this regard, the Cu nanoneedles are thorougbbted with vertical layer-like GO
nanostructures to create uniform hetero-nanobrushitacture Figs. 1h and i). Such
obtained characteristics can result in a highlyoperfeature and large specific surface area
with the enhanced active site number, flexiblegrghand diverse channels for the mass
transfer and ion diffusion, and improved interfhci@ntact area, promising with regard to its

use for electrochemical reactions.

Figure 1. SEM images at different magnifications of (a-c)(CGH), NWs-3DF; (d-f) Cu

NWs-3DF; and (g-i) Au-Cu@G® NWs-3DF hybrid.



TEM analysis was used to characterize the insigbtnanostructure of the Au-Cu@Cu
NWs. The typical morphology of the Au-Cu@@uNWs exhibited a Cu nanoneedle surface
fully coated with thorn-like C nanostructured=(gs. 2a and b). HR-TEM images clearly
indicated the crystal structure of the,Ouphase, in which the lattice fringes with d spgah
[2.45 nm, 0.21 nm, and 0.274 nm correspond to th&ld(and d(200) crystal plane of £y
and d(110) crystal plane of CuO phase, respectivaidicating that C¢O has a
polycrystalline nature with multi-crystal domairisd. 2c). At the same time, HAADF-STEM
analysis reveals the relative position of the eleseavithin the nanoneedle structure due to
the atomic number (Z)-based contrast. In this mbgaecause of the difference in the electron
penetration efficiency of Cu, Au, and @uphases, STEM image clearly shows that the grey
Cu nanoneedle with diameter of around 100 nm i®umiy covered by a layer of very small
Au nanostructures, which form faint shell with véhdots homogeneously distributed on the
grey Cu nanoneedle cor€ig. 2d). In addition, the growth of vertical 0 nanothorns on Cu
NW with the mean thickness 6560 nm is also observed with light-grey color. Togetwith
STEM, the EDS area color mapping indicates the &on of a unique core-shell
nanostructure of Au-Cu@@0 NWs Figs. 2e-g). The detailed structure was also obtained
from the EDS line profiles for a Au-Cu@@ NW (Figs. 2h-k), in which the Cu signal is
primarily distributed at the core region, while tAe signal is mainly positioned at NW’s

surface to form an inner shell, which is coatechbyuter shell of vertical GO thorns.
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Figure 2. (a and b) TEM and (c) HR-TEM images of the Au-Cu@TWNWs; (d) High
contrast TEM images of the Au-Cu@@uNWs; EDS color mapping of the Au-Cu@Cu
NWs for (e) Cu, (f) Au, and (g) O; (h) STEM imagetbe Au-Cu@CuO NWs along with

line mapping profile of (i) Cu, (j) Au, (k) O.

3.2 XRD, BET, and XPS analyses

Figure 3a shows the typical XRD patterns of the Cu NWs andQu@CyO NWs
materials. In the case of Cu NWs, the diffractimraks located at62of 43.2, 50.4, and
74.7°, are corresponding to the crystalline latticegshaf Cu metal (Elzey et al., 2011). The
XRD pattern of the Au-Cu@G@ NWs shows that in addition to the specific chemastics
of Cu, other peaks appearing atd& 32.5, 36.4, 38.6, 53.6, 57.8, 66.1, and areé relate to

the d(110), d(002), d(111), d(020), d(202), d(11@)d d(220) lattice of the CuO phase,
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respectively (Zhao et al., 2013). The formationCakO phases is also confirmed with the
availability of specific peaks at 29.5, 35.5, 48,9, 61.5, and 71°9consistent with d(110),
d(111), d(200), d(220), d(221), and d(311) cryptahe, respectively. In particular, two small
peaks at 45.8, and 63.Gre indexed as the d(200) and d(220) crystal ptinthe fcc Au
phase (Kar et al.,, 2014), further indicaing thenfation of Au-Cu@CyO NWSs

nanoarchitecture.
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Figure 3. (a) XRD patterns of the Au-Cu@@ NWs and Cu NWs materials; (b) BET

surface area of Cu(OKH)NWSs, Au-Cu@CwyO NWs and Cu NWs materials (inset: Pore
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distribution curves); (c) XPS spectrum of the Au@QuyuO NWSs; High resolution XPS

spectra of (d) Cu2p, (e) Ols, and (f) Au4f in tlybrd material.

The N adsorption-desorption isotherms for studying thectic surface area and porosity
of the materials are presented hkig. 3b, which is discussed in detail in Supporting
Inofrmation. The chemical composition of the Au-CG@O NWs material was further
explored by XPS analysis. The survey XPS spectnditates the presence of binding energy
for Cu2p, O1ls, and Au4f at 934, 530, and 76 eWpeaesvely Fig. 3c). The high resolution
XPS spectrum of Cu2p shows three doublets, whietascribed to binding energy of €:2p,
Cu'2p, and Ctep at (932.8 and 952.7eV), (933.9 and 953.9 eW), (835.2 and 955.2 eV),
respectively, consistent with the presence CuQ;OCwand Cu phase in Cu@{&u NW
structure Fig. 3d). The appearance of satellite peaks fof ‘@p3/2 and Cti2p1/2 at around
942 and 963 eV, respectively, further indicated #wailability of CuO phase with the
existence of an unfilled Cu8ghell of C§* (Jin et al., 2017).Figure 3e shows the high
resolution spectrum of O1s, which can be fittediwy peaks with binding energy at 529.7
and 531.1 eV, attributed to the Cu-O and adsorbgden on surface of material, respectively
(Devadoss et al.,, 2014). The high resolution spattof Au4f displays three separated
components, in which the peaks at 83.6 and 87.are\from AUl4f, and the peak at 85.3 eV
is from AuU*4f (Fig. 3f) (Tchaplyguine et al., 2015). In order to obsetwe shifting of Cu2p
and Au4f binding energies after hybridization, KBS spectra of pure Cu NWs and Au
nanoparticles were investigateBigs. S2a and b). The shifting of the binding energy for
Cu2p and Au4f is consistent with the charge transéween two metallic phases, leading to
the alternation of surface chemistry for each,udulg ionization energy and vacant-orbital
numbers (Wong et al., 2017). These are importariofa for Au-Cu interaction, because the
creation of metallic bonding is resulted from thiectostatic appealing force between

conduction electrons and positively charged metast.i In this regardrigures S2c and d
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suggest a strong interaction between Au and Cudlthes significant shift of the Cu2p and Au4f
binding energies in the hybrid as compared witle itm NWs and Au NPs. The positive shift of
Au4f binding energy implies that the Au nanodotngfer electrons to the Cu@QuNWs,
leading to the modulation of the d-band centetanteonic structure of Au as well as Cu (Wong et
al., 2017). The emergence of the prominent peak&uf ions displays as advantageous
electroactive sites and enhances the affinity betweatalyst with reactant, thereby
contributing the enhanced catalytic performancehgbrid in electrochemical reactions

(Thanh et al., 2017).

3.3 Electrocatalytic propertiestowards L -cys oxidation

The electrocatalytic activity of the Au-Cu@@uUNWSs-3DF electrode was investigated for
L-cys oxidation in 0.1 M PBS solution. A signifidadifference in the absence and presence
of 1 mM L-cys is revealed from the CV measurméfg(4a). In this regard, there is no peak
current in blank PBS solution, whereas a clear @gmgidears at around +0.6 V in the presence
of 1 mM L-cys, indicating the effective oxidatiorf such biomolecule on the electrode’s
surface. However, the disppearance of a reducteak gluring cathodic scan implies the
irreversible process of L-cys oxidation with a slkivetic on the electrode’s surface (Ge et al.,
2012). The oxidation peak at the Au-Cu@OWWs-3DF hybrid shows higher current along
with negative potential as compared to those o B&F, Cu(OH) NWs-3DF, and Cu NWs-
3DF (Fig. 4b). The superior performance of the Au-Cu@QGUNWs-3DF is further supported
by measuring amperometry at +0.6 V, in which ugent response is around 2.65 mA, much
higher than bare 3DF (0.83 mA), Cu(QHYWs-3DF (1.28 mA), and Cu NWs-3DF (2.05
mA) (Fig. 4c). The EIS was investigated to evaluate the chaagesfer behavior at catalyst-
electrolyte interface of different electrodes, sint is considered as a critical factor
influencing on the catalytic behavior of the matkxiFig. 4d). In this context, the Au-

Cu@CuO NWs-3DF electrode exhibits a smaller semicirdehigh frequency region as
12



compared to other electrodes, suggesting a significnprovement of heterocharge transfer
ability in its structure. This may be due to itedarchical porous architecture with Au-
intergrated effect resulting in the improved chatrg@sfer possibility. The enhanced catalytic
performance of the Au-Cu@¢D NWs-3DF electrode can be explained by some nesisan

as follow: Firstly, the combination of Au with Cwi® nanoneedle significantly creates an
alternation of the electronic properties for eatheg thereby synergisticaly affecting the
electroactive site number and charge conductivitthe resulting hybrid material. Secondly,
the formation of a 3D hierarchical structure cafeothe enhanced surface area with more
exposed active sites, avoid undesirable interfacel reduce inner resistance by self-
supported ability without using polymer binders @odductive additives. The high density of
the macro- and mesopores easily endorse reactuttfd{te accesses into the active sites of
catalyst, thereby favorable for the fast chargendier, reactant’s adsorption, and
ion/electrolyte penetration. At the same time,dh@wth of Cu NWs through a direct reaction
of 3DF can lead to great adhesion to the subsamadeensure the good electrical contacts as
well as mechanical behavior of the hybrid, furtbentributing its superior performance for

long-term L-cys oxidation.
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Figure 4. (a) CV curves of Au-Cu@GO NWs-3DF in 0.1 M PBS solution, with and without
1 mM L-cys at a scan rate 50 mV/s; (b) CV curvedifferent electrodes in 0.1 M PBS
solution containing 1 mM L-cys; (c) Amperometricrees of different electrodes in 0.1 M
PBS solution containing 1 mM L-cys at an appliedeptial of +0.6 V; (d) EIS result of

different electrodes in 0.1 M PBS solution contagnil mM L-cys in the frequency range
from 0.01 Hz to 10Hz; (e) CV curves of Au-Cu@GO NWs-3DF in 0.1 M PBS solution +

1 mM L-cys at various scan rates; and (f) Amperomeiurves of Au-Cu@C® NWs-3DF

in 0.1 M PBS solution containing 1 mM L-cys at difént applied potentials.
14



The kinetic of the L-cys oxidation on Au-Cu@@uNWs-3DF surface was investigated
by CV at different potential scan ratésd. 4e). The results show that the current response is

proportional to the square root of the scan rat¢hvad linear equation of(mA) =

10.246V§+2.7761 and a correlation coefficient fR of 0.99069 nset in Fig. 4e),
confirming that the L-cys oxidation at Au-Cu@@uNWs-3DF surface obeys a diffusion
controlled process. The electrooxidation mechanafmL-cys can be proposed as the
following equations (1)-(3) (Gao et al., 2005; Platma et al., 2018).

Cu@Au@CuO-active site + RSH 2 Cu@Au@CuO-active site//IRSH (1)
Cu@AU@CuO-active site//RSH - Cu@AU@CuO-active site/RS* + H" + €  (2)
2CU@AU@CuO-active site//RS* 22Cu@Au@CuO-active site + RSSR (3)

(RSH = L-cys)

In another regard, to find the optimized valudhe applied potential for L-cys detection,
the influence of different applied potentials ore thmperometric response of the Au-
Cu@CuyO NWs-3DF electrode was investigatdelg, 4f). The applied potential of +0.6 V
was found to produce the highest current respahseefore, it was chosen for subsequent
amperometric experiments. The detection range, L&1d, sensitivity of the Au-Cu@GD
NWs-3DF towards L-cys are explored by the amperomiirough continuous addition of
different L-cys concentrations into 0.1 M PBS smint(Fig. 5a). It was found that the Au-
Cu@CyO NWs-3DF displays an excellent sensitivity of 29#6cm ?mM™to L-cys
oxidation and a wide linear detection range fro@51M to 1.94 mM, which is consistent
with a regression equation bfmA) = 2.945C(mM) + 0.1733 and a correlation coefficient
(R of 0.99877 Fig. 5b). Besides, a low LOD value of 1.281 (S/N = 3) was realized (inset
in Fig. 5a), along with a fast response time o61Big. 5¢). As compared with L-cys sensors

reported in earlier studie§ &ble S1), the Au-Cu@CiO NWs-3DF exhibits better behavior
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with regard to LOD, detection range, and sensitivielectivity is also an important
parameter for evaluating the practical potentiaihef sensor because the oxidation process of
interferents may happen at a potential value simdd_-cys. To investigate the selectivity of
the Au-Cu@CuO NWs-3DF towards L-cys detection, the amperometag carried out with
an initial addition of 1 mM L-cys followed by sulzgeent addition of 0.05 mM DA, 0.05 mM
KCI, 0.05 mM urea, 0.05 mM AA, 0.05 mM UA, and GviM L-cys. The concentration of
these interferents is consistent with their levethe normal human bod¥igure 5¢ shows
that mean L-cys with 1 mM and 0.5 mM at first tigred final time of addition, respectively,
shows an obviously sharp current increment; DA, K@ka, AA, and UA produce minor
current responses in the 0.1 M PBS solution. Thelai selectivive behavior of this sensor
towards 1 mM L-cys detection in the presence ofriM glucose, 0.5 mM glycine, 0.5 mM
H,O,, 0.5 mM citric acid, and 0.5 mM oxalic acid is @lpresented irFig. S2, further
indicating its excellent selectivity towards L-oyghout influence of coexising biomolecules.
The reproducibility of the Au-Cu@GO NWs-3DF was examined by measuring the
oxidation of 1 mM L-cys through five different etemdes Fig. 5d). The relative standard
deviation percentage (RSD%) was found to be 1.53%gesting that Au-Cu@@D NWs-
3DF has excellent reproducibility. In another refgahe good stability of this sensor was also
confirmed with a current retention of 94.6% ovepeaiod of four weeks storedrig. 5e).
These results clearly indicate that the Au-Cu@LCWNWSs-3DF exhibits not only good
catalytic activity but also respectable durabilapd stability for L-cys detection, highly

potential for a practical application.
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Figure 5. The amperometric response of Au-Cu@CWWs-3DF by adding various L-cys
concentrations with regular intervals of 50 s at6+¥; (b) Effect of interferents on the
performance of Au-Cu@GO NWs-3DF towards L-cys detection in 0.1 M PBS #ohy (c)

Amperometric current vs L-cys concentration; (datfity and (e) reproducibility of Au-
Cu@CyO NWs-3DF; (f) Practical application of Au-Cu@@u NWs-3DF for detecting

known L-cys concentrations in blood serum spike& RBlution.
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To prove the real application of the Au-Cu@OWNWSs-3DF, a human serum sample was
used for the L-cys detection. In a procedure, curmetensity is achieved after injecting a
certain amount of human serum into 0.1 mM PBS conggknown L-cys concentration at the
applied potential of +0.6 V. The accuracy of L-astermination by Au-Cu@GO NWs-
3DF in a human serum-spiked PBS solution was cosdptr the known value of L-cys
concentration, as presentedFig. 5f and Table S2. The recovery and RSD% values for
detecting L-cys are found in the ranges of (101L.@8%) and (1.7 to 4.3%), respectively,
demonstrating the suitable accuracy and good ikljabf the Au-Cu@CyO NWs-3DF for

nonenzymatic L-cys detection.

4. Conclusion

In this work, we sucesffuly fabricated a novelqg hybrid of Au-Cu@C®W NWs-3DF
owning large electroactive surface area, excettentluctivity, and good stability. The hybrid
exhibits a great advantage for L-cys detection witdxcellent sensitivity of
2945pA cm 2 mM™, low LOD of 1.25uM, and a wide linear detection range of 1,35 to
1.94 mM. In addition to good reproducibility analsility, the hybrid also demonstrates the
accurate detection of L-cys in real samples, immgyits prospective ability towards practical
sensing application. The enhanced sensing perfa®nah the hybrid is due to the unique
interaction between small Au and Cu to offer amimsic modulation of electronic properties
and surface chemistry for each, which enhancerelttive site number and conductivity,
thereby leading to a synersitic effect to accetethe oxidation of L-cys. At the same time,
the formation of a favorable hierarchical 3D nawbéecture with large surface area and high
mechnical propertiesh improves electrolyte peniemation diffusion, mass transfer, and

charge transfer ability. The outstanding perforneaoicthe Au-Cu@C¥) NWs-3DF towards
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L-cys detetion opens a novel door for developinfeative self-supported catalyst in

electrochemial sensing applications.
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