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HIGHLIGHTS GRAPHICAL ABSTRACT

e We synthesized hollow gold/ruthe-
nium (hAu-Ru) nanoshells for ascor-
bic acid sensing.

® The hAu-Ru nanoshells showed sen- i 1
sitivity of 426 pAmM-!cm~2 for =1 . : Lo - e o
ascorbic acid. | e Ol »

® Good selectivity against glucose, uric
acid, dopamine, 4-acetamidophenol,
and NADH. - ” 4 =

® The linear dynamic range appeared i © Time/s
from zero to 2.0 mM (R=0.9995).

® Response time (1.6s) and low detec-
tion limit (2.2 wM) were obtained at

“ o pr [l(lp\

pH 7.40.
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sensing characteristics. The hAu-Ru nanoshells were prepared by the incorporation of Ru on hollow gold
(hAu) nanoshells from Co nanoparticle templates, which enabled AA selectivity against glucose without
aid of enzyme or membrane. The structure and electrocatalytic activities of the hAu-Ru catalysts were
characterized by spectroscopic and electrochemical techniques. The hAu-Ru loaded on GC electrode
(hAu-Ru/GC) showed sensitivity of 426 .AmM~! cm~2 (normalized to the GC disk area) for the linear
dynamic range of <5 M to 2 mM AA at physiological pH. The response time and detection limit were
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Electrocatalyst 1.6s and 2.2 uM, respectively. Furthermore, the hAu-Ru/GC electrode displayed remarkable selectivity
Amperometric sensor forascorbicacid over all potential biological interferents, including glucose, uricacid (UA), dopamine (DA),
Biosensor 4-acetamidophenol (AP), and nicotinamide adenine dinucleotide (NADH), which could be especially good

for biological sensing.
© 2014 Elsevier B.V. All rights reserved.
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researches, a variety of important role of AA has been revealed in
various fields such as toxicology, genetics, oncology, nutritional
science, and even material science [1] as a mild reducing agent.
Toxicity of reactive oxygen species [2]| and synthetic pyrethroid
pesticide [3] can be protected by AA reducing toxic substances.
Thus, measuring AA is of great importance from food industry
to medical reason. In fact, a tremendous number of studies have
been reported for quantification of AA. For example, colorimetry,
titrimetry, fluorometry, high performance liquid chromatography,
chemiluminescence, flow injection method, and electrochemical
measurement were reported [4].

While AA is important in biological process, it is also known
as one of the notorious biological interfering species in detec-
tion of other biomolecules, e.g., glucose and neurotransmitters [5].
Despite of various determination methods of AA, the electrochemi-
cal methods, including amperometric [6,7], voltammetric [8,9], and
potentiometric [10] methods, are considered as one of the con-
venient methods due to simplicity and rapidity without sample
preparation procedures. Most of reported electrochemical works
use either enzyme (ascorbate oxidase), mediator or conducting
polymer [5] to overcome the irreversible nature of AA oxidation
and enhance the selectivity and sensitivity for determination of
AA.

Recently, nanostructured catalysts have been applied to nonen-
zymatic electrochemical biomolecule sensors since the pioneer
works of glucose detection with nanoporous platinum [11-13]. For
the nonenzymatic electrochemical detection of AA, uric acid (UA),
and/or dopamine (DA), palladium materials were often applied via
incorporation with carbon nanotube, carbon nanofiber, polymer
and graphene [5,8,14-17]. 3-D nanoporous gold film was also used
for electrochemical determination of DA and AA [18].

Gold nanoparticles (Au NPs) have been well known as nonen-
zymetic glucose oxidation catalysts [19]. However, there were
some reports for AA sensing based on Au NPs [20-22], where
interference by glucose were not explicitly shown up to the physi-
ological level. Glucose is also interfering species in AA sensing, and
vice versa. Meanwhile, the oxidation current of glucose decreased
by plating Ru layer [23] and potential of glucose was shifted
depending on the amount of incorporating Ru [30] in Au-based glu-
cose sensing. Thus, Ru modification on the surface of Au nanoshells
is one of the plausible ways to overcome glucose interference in AA
sensing.

In this study, we report a new nonenzymatic amperometric
AA sensor modified with the hollow gold/ruthenium (hAu-Ru)
bimetallic nanoshells, which shows high selectivity for AA over pos-
sible biological interferents, including UA, DA, 4-acetamidophenol
(AP), and nicotinamide adenine dinucleotide (NADH) as well as glu-
cose, at the physiological pH. This is rare case for the gold based
catalyst without aid of enzyme or membrane.

2. Experimental
2.1. Reagents

The materials and reagents used in this work are as follows:
CoCl,-6H,0, trisodium citrate (Na3CgH507), RuCl3-xH,0, D-(+)-
glucose, L-ascorbic acid (AA), 4-acetamidophenol (AP), dopamine
hydrochloride (DA), uric acid (UA) and (-nicotinamide ade-
nine dinucleotide reduced disodium salt hydrate (NADH) were
purchased from Sigma-Aldrich (St. Louis, MO); NaBH4 and
HAuCls-xH,O were purchased from Fluka (Buchs, Switzerland)
and Alfa Aesar (Haverhill, MA), respectively. All other conven-
tional chemicals used were of analytical grade. All aqueous
solutions were prepared using deionized water (resistivity
>18MQcm™1).

2.2. Synthesis of hAu-Ru nanaoshells

Before synthesizing hAu-Ru nanoshells, the hAu nanoshells
were synthesized at room temperature using a slightly modified
method reported in the literature [24,25]. In a typical synthesis of
hAu nanoshells, 135 mL of deionized water was placed in a 250 mL
beaker and situated to a nitrogen atmosphere by inserting a syringe
needle over 30 min with vigorous stirring. Then, 2.5 mL of NaBH4
(0.24M) and 2.5mL of trisodium citrate (0.12 M) were injected
into water sequentially. After waiting for 5min, 5.0 mL of CoCl,
(75 mM aqueous solution) was added drop by drop while stirring
and then left to stand with stirring for a while (ca. 15min). The
reaction mixture became dark brown in color at this stage due
to formation of Co nanoparticles. Then 5mL of HAuCl4 aqueous
solution (30 mM) was added drop-wise to obtain hAu nanoshells,
where the color changed to dark blue. The hAu nanoshells were col-
lected after 15 min by washing-centrifugation at least five times.
To prepare hAu-Ru nanoshells, 5mL of RuCl;3 aqueous solution
(30mM) was added drop by drop to the aforementioned prod-
uct solution after 5min (containing hAu nanoshells) and left to
stand for 15min while stirring, where the color of the solu-
tion was changed back to dark brown due to excess RuCls. The
obtained samples were washed at least five times with water and
collected by centrifugation for morphology and structure analy-
sis.

2.3. Characterizations

For high-resolution transmission electron microscopy (HR-
TEM), energy dispersive X-ray spectroscopy (EDS) and field
emission scanning electron microscope (FE-SEM) sample prepara-
tion, one drop of an aqueous suspension of the nanostructures was
placed on a carbon-coated copper grid (Ted Pella, Redding, CA),
and allowed to dry. TEM was performed using a JEOL JEM-2100F
(Cs-corrected STEM/TEM) microscope at an accelerating voltage
of 200kV. The hAu and hAu-Ru nanoshells were also character-
ized by scanning electron microscopy (SEM). Raman scattering
measurements were directly carried out with hAu-Ru nanoshells
on a transferred to a Pyrex glass slide. The backscattering con-
figuration was employed to record the Raman spectrum using a
confocal microscope with a 100x (0.9 NA) objective in focused
the laser beam (~1pum) with 632.8nm He-Ne laser light. We
kept with lower laser power to prevent from the decomposition
of the sample by localized laser heating. Optimal results were
obtained with 20mW laser power and 300s integration times.
The surface properties were characterized using X-ray photoelec-
tron spectroscopy (XPS, Theta Probe AR-XPS System, Thermo Fisher
Scientific) at Busan Center, KBSI. Crystal structures were studied
by X-ray diffraction (XRD; Siemens D500, with a Cu Ko radia-
tion).

2.4. Electrochemical measurements

To increase the signal-to-noise ratio (S/N) all the electrochem-
ical experiments were carried out in a Faraday cage under the
nitrogen atmosphere using a CHI 705 workstation (CH Instruments,
TX, USA) and an RDE-1 (BAS (Bioanalytical Systems Inc., IN, USA)).
For measurements, a Pt coil and saturated calomel electrode (SCE)
were used as a counter and reference electrode, respectively, with
a conventional three-electrode cell. A glassy carbon (GC) electrode
(3mm in diameter, BAS) was used as the substrate electrode to
modify the surface with hAu or hAu-Ru nanoshells, which served as
aworking electrode. Prior to modification of the electrode surface, a
GCelectrode was wet-polished on a microcloth pad (Buehler) using
0.3 wm alumina slurries. The electrode was cleaned with deionized
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water and sonicated in H,O and ethanol for a while to remove the
residual alumina from the electrode surface.

The prepared 2 mg catalyst (hAu or hAu-Ru nanoshells) was sus-
pended in 1mL distilled water. This mixture (10 wL) was loaded
onto the GC electrode and dried under ambient conditions, which
were repeated one more time. Linear sweep voltammetry (LSV)
experiments for the nanoshell modified electrodes, namely hAu/GC
and hAu-Ru/GC, respectively, were conducted by rotating elec-
trodes in the potential range from —0.3 to 0.4V (vs. SCE) with a
scan rate (v) of 5mVs~!. Amperometric current response for AA
and interferents was measured by monitoring current at 0.05V
with continuous stirring. All the electrochemical experiments were
performed at physiological pH (7.4) in a 0.1 M phosphate buffer
solution (PBS).

3. Results and discussion

3.1. Synthesis and characterization of hAu and hAu-Ru
nanoshells

Since hollow metal nanoshells can be generally synthesized
with Co nanoparticles as sacrificial templates [24], the forma-
tion of Co nanoparticles is critical step to control the size of
hollow metal nanoshells. The formation of Co nanoparticles in
the mixture of CoCl, and reducing agents can be conceived eas-
ily by the change of color from transparent to dark brown. The
standard reduction potential of Co%*/Co redox couple (—0.28V
vs. SHE) is much lower than that of [AuCls]~/Au redox couple
(0.99V vs. SHE), which enables the spontaneous deposition of
gold atoms to the vicinity of the outer surface of Co nanoparti-
cles leaving interior cavity via galvanic replacement reaction (GRR),
2[AuCly]~(aq)+3Co(s) — 2Au(s)+3Co%*(aq)+8Cl~(aq). Here, the
proceeding of GRR is also recognized by the color change from
dark brown to dark blue. Typical TEM and SEM images of hAu
nanoshells are shown in Fig. 1. Deposition of Au(s) on the outer
surface of the Co nanoparticles is clear by showing a bright cen-
ter surrounded with much darker shell, which confirms successful
synthesis of hAu nanoshells (Fig. 1A) without significant size dis-
tribution (Fig. 1B). The mean outer diameter of hAu nanoshells
was estimated as 57.94+4.6nm by sampling 50 nanoshells. For
further modification, Ru precursor solution was added to the
mixture solution containing hAu nanoshells, where the reac-
tion time between Co nanoparticles and HAuCl; was reduced
from 15 to 5min and the color changed back to dark brown
(see Section 2). After the reaction between hAu nanoshells and
the Ru precursor, the hollow structure of hAu was maintained
basically in hAu-Ru nanoshells (Fig. 2B). The averaged outer
diameter of fifty hAu-Ru nanoshells was also measured to be

49.0 +4.7 nm, which is slightly smaller than that of hAu nanoshells
owing to the reduced reaction time between Co nanoparticles and
HAUC14.

The bulk atomic% ratio of Au:Ru was 90:10 based on the aver-
aged EDS measurements at >20 locations. As-prepared hAu-Ru
nanoshells were further characterized by XPS (not shown). The
Au4f and Ru3d peaks were observed at 83.6 and 284.8 eV, respec-
tively, with surface atomic% ratio of 29.9:70.1 indicating the
effective surface modification of Ru on hAu nanoshells. It implies
that Au frame structure is coated by Ru layer in hAu-Ru, where
deposition of Ru on both outer and inner surface should be possible
unlike in formation of hAu nanoshells. Extrusion and even distri-
bution of Ru over Au surface are clearly shown in the HAADF-STEM
EDS elemental mapping image of hAu-Ru nanoshells (Fig. 2D).
Thus, we believe, Ru3* precursor should have undergone the sec-
ond GRR with Au(s) according to EDS results [25]. Additionally,
Raman spectrum in Fig. 3 for hAu-Ru nanoshells represents the
three characteristic first order phonon modes for RuO, corre-
sponding to Eg(520cm™'), A1g(639cm~1), and Byg(~700cm1),
respectively. In our structure, on the other hand, the band positions
are slightly shifted from the highly single crystalline RuO, struc-
ture by ~10cm~! partly due to the size effect or the bound nature
with Au nanostructures. In the case of the latter phenomenon, the
strong background intensity in our study suggests that the surface
enhanced Raman scattering would be possible. Thus, it clearly con-
firms that the RuO, nanostructure exists on the Au hollow structure
originated from the partial surface oxidation of the Ru metal nanos-
tructures. In the XRD data, typical diffraction peaks corresponding
to (111), (200), and (220) phases of the fcc crystal structure
were observed for both hAu and hAu-Ru (Fig. 4). However, the
bulk ratios of the relative intensities of (111):(200):(220) were
1.00:0.29:0.32 for hAu and 1.00:0.16:0.05 for hAu-Ru, exhibit-
ing relatively significant reduction in the peaks of (200) and
(220).

3.2. Voltammetric analysis of hAu and hAu—Ru nanoshells for
nonenzymatic sensor

It is reported that AA is one of the critical interfering species
in glucose detection especially for the gold based electrocatalysts
[26,27]. Thus, to compare the different catalytic effect for the direct
oxidation of glucose and AA, LSV curves were recorded at hAu
and hAu-Ru modified electrode in 0.1 M PBS solution containing
5.0mM glucose and 0.5mM AA (Fig. 5). The normal physiologi-
cal levels of glucose and AA are known as 3-8 and 0.06-0.08 mM,
respectively [8,11]. Interestingly, oxidation of glucose preceded
oxidation of AA at hAu/GC while the order became reverse at
hAu-Ru/GC.

Fig. 1. Typical TEM (A) and SEM (B) images of hAu nanoshells.
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Fig. 2. SEM (A) and HR-TEM images (B, C) of hAu-Ru nanoshells. HAADF-STEM EDS elemental mapping image of hAu-Ru nanoshells (mapping area: white box in (C)) shown
combine of Au (blue) and Ru (red) (D). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

In Fig. 5 anodic currents of glucose oxidation at both hAu/GC
and hAu-Ru/GC decrease from 0.2 V to the more positive potential,
which is well-known due to adsorption of glucose oxidation
product on the gold surface [28,29]. In case of hAu-Ru/GC, the
peak current at ca. 0.2V is only 13% compared to that of hAu/GC
case. Another anodic shoulder peak of glucose oxidation at ca.
0.0V is known as oxidation at the nanostructured Au surface [27],
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Fig. 3. Raman spectrum of hAu-Ru nanoshells measured at 632.8 nm with He-Ne
laser.

which is virtually disappeared at hAu-Ru/GC unlike at hAu/GC
probably due to difference of the surface property between hAu
and hAu-Ru nanoshells. There is also recent report that the higher
ratio of Ru in Au-Ru composite catalysts moves the oxidation
potential of glucose to the more positive direction [30]. Based
on the above discussion, it is reasonably concluded that major
parts of surface of hAu-Ru nanoshells are covered by Ru and,

Intensity (a.u.)

20 30 40 50 60 70 80
20(degree)

Fig. 4. XRD results for hAu-Ru and hAu.
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Fig. 5. Background-corrected LSVs using hAu-Ru/GC and hAu/GC in 0.1 M PBS con-
taining 0.5 mM AA and 5 mM glucose. Potential scan rate was 5mVs~! and rotating
speed was 1600 rpm.

thereby, the characteristic oxidation of glucose on Au surface is
well-suppressed at hAu-Ru/GC despite of 10% composition of Ru
in bulk. On the other hand, oxidation current of AA at hAu-Ru/GCis
relatively well-maintained compared to that at hAu/GC. Addition-
ally, electroactivity of Au for the glucose oxidation was reported
to depend on its crystal plane: Au (110) shows higher catalytic
activity than the other crystal plane [28].

Based on the comparison of LSVs between hAu and hAu-Ru for
glucose oxidation (Fig. S1 in Supplementary data), the pattern of
glucose oxidation wave at hAu is observed to be similar to that
on Au (110); on the other hand, the oxidation wave of glucose
at hAu-Ru is similar to that on Au (11 1) reported [28]. This sug-
gests that the significant portion of Au (11 0) surface plane, most
active for glucose oxidation, is blocked by Ru during synthesis of
hAu-Ru catalyst. It is also matched with the XRD data (Fig. 4)
showing the suppressed peaks corresponding to (200) and (22 0)
in hAu-Ru compared to hAu. Thus, it is proposed that the com-
bination of Ru and Au decreases the catalyst activity for glucose
oxidation especially for the potential region <0.2 V. To the contrast,
hAu-Ru exhibits relatively less suppression in the catalytic activity
for AA oxidation (at the potential region <0.2 V) compared to that
for glucose oxidation. In fact, hAu-Ru induces a substantial shift of
glucose oxidation potential to the positive direction with decreas-
ing sensitivity and enables selective detection of AA against glucose
at 0.05V. As seen in Fig. S1, other interfering species are almost
electrochemical-silent at 0.05V. This implies that hAu-Ru/GC can
be used as a potential amperometric sensor for AA without inter-
ference of glucose while hAu/GC shows a potential amperometric
sensor characteristic for glucose free from interference of AA by
control of electrode potential. In this report we are focusing on
sensing of AA with hAu-Ru nanoshells and detailed electrochem-
ical characteristic of hAu as nonenzymatic glucose sensing will be
described elsewhere.

To show good performance of amperometric AA sensing in
physiological condition, it is of importance to find the electrocat-
alytic material which enables the oxidation of AA at the lower
potential than the oxidation of other interfering species [5]. As
shown in Fig. 5, the oxidation of AA at hAu-Ru/GC starts at ca.
—0.05V which is lower potential than that at Pt electrode by 0.35V
[5].

To check the possibility of selective AA oxidation at hAu-Ru/GC,
LSV experiments were performed against possible interferents such
as glucose, AP, DA, UA, and NADH. The concentrations of glu-
cose, AP, DA, UA, and NADH were 5, 0.1, 0.02, 0.1, and 0.1 mM,
respectively, which were above the normal physiological levels.
Fig. 6 presents the results of the above LSV experiments, where

— AA
—— glucose
—— AP
— DA
— UA
NADH

Current /uA

10 pA

-0.2 0.0 0.2 0.4
Potential / V

Fig. 6. Background-corrected LSVs using hAu-Ru/GC in 0.1M PBS containing
0.5mM AA, 5mM glucose, 0.1 mM AP, 0.02 mM DA, 0.1 mM UA and 0.1 mM NADH.
Potential scan rate was 5mVs~! and rotating speed was 1600 rpm.

no considerable responses for the interferents were observed. As
shownin Fig. 6, the only possible interfering species in amperomet-
ric AA detection is glucose among five interferents, which could be
circumvented by control the detection potential as 0.05V to max-
imize the response of AA oxidation and minimize that of glucose
oxidation.

3.3. Amperometric response of hAu—Ru nanoshells to AA

Typical dynamic steady-state current response curves (i-t
curves) to AA, glucose, AP, DA, UA and NADH were measured at
hAu-Ru/GCin 0.1 M PBS and presented in Fig. 7A. Here, the AA con-
centration increased from 5 wM to 1.2 mM (Fig. 7A and C) by the
successive additions of AA stock solution together with increas-
ing the other interferent concentrations, respectively (see figure
caption). While significant increasing oxidation current of AA was
measured, glucose, AP, DA, UA and NADH were not detectable at
0.05V as expected in LSV experiments. Fig. 7B and D show the
corresponding calibration plots for amperometric AA detection at
hAu-Ru/GC and the sensitivity of 30.1 u.AmM~! was measured
with R=0.9995, which corresponds to 426 pAmM~! cm~2 (nor-
malized to the electrode disk area). Such a good linearity was
maintained up to 2.0 mM (inset of Fig. 7B), which is a wide lin-
ear range considering that the physiological AA concentration for
a healthy person is 0.06-0.08 mM. Response time (time required
to achieve 95% current of its limiting current) and detection limit
(S/N=3) were measured from Fig. 7A as 1.6 s, and 2.2 pM, respec-
tively. The current responses of hAu-Ru/GC to four different AA
concentrations (50, 100, 150, and 200 M) were measured via five
separate runs and the calculated relative standard deviation (RSD)
was <3.0%, indicating high reproducibility of this electrode (Fig. S2
and Table S1 in Supplementary data). In addition, we have also
checked the reproducibility in terms of sensor by sensor. For the
sensors prepared separately (n=5), RSD of their sensitivity was <4.6
% (Table S2 in Supplementary data).

To investigate any interaction between interferents and AA or
any obstructions in sensing AA, amperometric current response to
AA was monitored while injecting various interferents as shown in
Fig. 8. Indeed, no discernible changes in AA oxidation current were
observed by the injection of glucose, AP, DA, UA or NADH except
the injection of AA. The hAu-Ru nanoshells represented the same
catalytic effect on AA oxidation regardless of presence or absence of
interferents and can be considered as powerful enzyme-less sensor
to estimate physiological concentration of AA with great selectivity
and sensitivity.
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Fig. 7. Amperometric current responses to AA (0.05-1.2 mM), AP (0.05-0.5 mM), DA (0.001-0.01 mM), UA (0.05-0.5 mM), NADH (0.05-0.5 mM) and glucose (0.5-20 mM)
(A); calibration curve to increase in AA concentration, Inset: wider range calibration (0.5-2 mM) (B). Responses to AA (0.005-0.1 mM) (C); calibration curve to increase in AA

concentration (D) at the hAu-Ru/GC in 0.1 M PBS at potential of 0.05V (vs. SCE).

Analytical performance of our AA sensor was compared
with earlier reported nonenzymatic AA sensors (Table 1). AA
sensor using hAu-Ru nanoshells showed good interference resis-
tance under physiological condition. The operational stability of
hAu-Ru/GC electrode for AA detection was tested. For this, the
amperometric current was monitored at 0.05V in 0.1 M PBS con-
taining 0.3 mM AA as shown in Fig. 9. Over 95% of initial current was
maintained for the prolonged period of >2500 s with some fluctu-
ation due to stirring. Surprisingly, the high stability of hAu-Ru/GC

AA  glucose AP DA UA

A

Current /u A

0 200 400 600 800
Time /s

Fig. 8. Amperometric current responses at hAu-Ru/GC to the series of injection of

0.3 mM AA, 5mM glucose, 0.1 mM AP, 100 nM DA, 0.1 mM UA, 0.1 mM NADH and
0.3mM AA in 0.1 M PBS (E,pp =0.05V (vs. SCE)).

electrode was observed even without any adhesion assisting chem-
icals (such as chitosan and Nafion), indicating the strong adsorption
of hAu-Ru on GC. Finally, determination of AA contents in the
real samples has been carried out using hAu-Ru on GC sensor to
verify the praticability. For urine and vitamin C tablet samples,
the analyses of AA amounts and recovery tests were performed
by adding standard solution of AA. Table 2 summarizes the anal-

ysis and recovery tests of AA in these samples (see also Fig.
S3).

Current / uA

5 uA

T T T T T
0 500 1000 1500 2000

Time /s

T
2500

Fig. 9. Operational stability test of hAu-Ru/GC under continuous stirred solution of
0.3mM AAin 0.1 M PBS at potential of 0.05V (vs. SCE).
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Table 1

Summary of the analytical performances of reported electrochemical AA detection systems.

Ref. Electrode Sensitivity Eappl VS. Detection Linear range (mM) Solution Interference test
(nAmM-!/ SCE (V) limit (uM)
pAmM-! em~2)

This work Hollow Au-Ru/GC 30.1/426 0.05 2.2 0.005-2 PBS (pH 7.4) Glucose, AP, DA, UA, NADH

[7] Poly(direct blue71)/GC NR/NR 0.14 1.0 0.001-2.0 PBS (pH 7.0) DA, UA

[9] PPF/GNS 18.5/260.56 0.33 120 0.4-6 PBS (pH 7.0) NR

[16] Ultrathin Pd nanowire/GC NR/166.5 -0.04 0.2 0.025-0.9 0.1M NaOH Glucose, AP, UA, DA

[31] MWNTs/Au NPs/HS(CH; )sFc/GC  26.3/NR 0.35 0.1 0.0003-0.44 PBS(pH 7.4) UA

[32] PAN-NSA/Pt 1.62/NR 0.30 12.93 5-60 PBS (pH 7.0) NR

[33] Cu?*AJZCME/Pt 34.54/NR NR 0.28 0.003-6.0 oxalate buffer(pH 4.5) UA, glucose, fructose, cysteine

(interfered by NADH)

[34] CuZEA/RGO/GC NR/NR -0.03 11 0.02-0.2 PBS (pH 6.8) DA

[35] AC-RuOH-GC 2.7/85.9 —-0.053 NR 0.047-0.1818 PBS (pH 7.0) DA, NAC

[36] Screen-printing RuO, 0.0838/2.79 0.058 NR 0-4 PBS UA, H,0,

NR= not reported.

PPF/GNS, pyrolysed photoresist film/graphene nano sheet; MWNTs/AuNPs, multiwalled carbon nanotubes-Au nanoparticles; Fc, ferrocene; GC, glassy carbon electrode;
PAN-NSA, polyaniline-naphthalenesulfonic acid composite film; A/ZCME, zeolite type A modified electrode; ZEA/RGO, zeolite A/graphene oxide; AC-RuOH, acetaminophen

on ruthenium oxide nanoparticles; NAC, N-acetyl-L-cysteine.

Table 2
Determination and recovery results of AA in real samples using hAu-Ru/GC sensor.
Real Injection amount  Found (mM) Spiked AA Recovery
sample from label (mM) (mM) (%)
Urine - 0.0427 + 0.0049 0.1 97.8
(diluted
10 times)
Vitamin C 0.2 0.205 + 0.015 0.1 101.8
tablets

Results expressed as average + standard deviation (n=5).

4. Conclusions

We have successfully synthesized hollow Au-Ru nanoshells by
modifying hAu nanoshells and described a novel nonenzymatic
amperometric AA sensor candidate using as-prepared hAu-Ru
nanoshells. We think that this work has three merits as follow-
ing at least: (1) surface modification by Ru enabled AA sensing
as a gold based electrocatalyst with high sensitivity for AA with
426 pAmM-—! cm~2 (normalized to the disk area), linear dynamic
range from <5.0 uM to 2.0 mM (R=0.9995), and fast response time
(1.6s) as well as low detection limit (2.2 wM); (2) almost perfect
selectivity to AA against all possible physiological interferents, i.e.,
glucose, AP, DA, UA, and NADH, at pH 7.40; (3) such high sensitiv-
ity and selectivity were obtained without aid of enzyme, electron
mediator, or other membranes. Overall, the hAu-Ru nanoshells
appear to be a potential candidate material for a nonenzymatic AA
sensor in physiological condition.
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