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a b s t r a c t

We present a new approach for the preparation of electrocatalytically active carbonaceous coatings
embedding bimetallic nanoparticles (NPs) - AgPt@C structures, on surfaces with 2D and 3D geometry
such as glass covered with indium tin oxide (ITO) film and anodic aluminum oxide substrates,
respectively. We provide extensive characterization of the deposited structures and demonstrate
their performance towards the electrocatalytic glucose oxidation, one half-reaction of biofuel cells.
We observe that a preliminary surface treatment of the porous alumina substrate is essential for a
homogeneous laser-induced deposition of AgPt@C nanoparticles across the whole pore depth.

© 2020 Published by Elsevier B.V.
1. Introduction

Compact electrochemical devices based on glucose electroox-
dation on microelectrodes [1–4] could have a wide range of
pplications from food industry (analysis of glucose content in
uices) [5,6] to medicine (as power sources for implanted cardiac
timulators and as glucose sensors in the blood stream) [7–
0]. One approach for maximizing current (and power) density
t macroscopically compact electrodes relies on nanostructured
urfaces, which increase the electrochemically active specific sur-
ace area. Nanoporous anodic aluminum oxide (AAO) provides an
nteresting template system for the creation of such electrodes
y coating with electrocatalyst. Their geometry of parallel, cylin-
rical pores is advantageous in providing a high surface area in
compact volume while allowing for efficient transport to and

rom the surface, thereby optimizing the overall catalytic activity
f system [11–13]. The most attractive feature of AAO as a model
emplate system is the direct control of the geometric parameters
diameter and length of the pores, interpore distance) based on
he preparative parameters (voltage and duration of anodization,
lectrolyte type, subsequent isotropic chemical etching) [14,15].
reparative techniques for synthesis of AAO templates are widely
tudied: developed methods of synthesis from different quality
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aluminum [16], investigated factors influence on regularity ra-
tio of pores [17], found the ways to fabricate submicrometer
scale dimple arrays [18]. In this article we suggest a nanostruc-
tured system for catalysis of glucose electrooxidation based on
highly ordered AAO templates covered by AgPt@C nanoparticles
(NPs). The decoration of nanostructured AAO templates was real-
ized by laser-induced deposition (LID), which allowed single step
AgPt@C NPs synthesis directly onto the 3D surface. The deposited
NPs consist of a carbonaceous phase embedding bimetal AgPt
nanoinclusions. The choice of AgPt nanoparticles was determined
by several factors. In the field of electrocatalysis the bimetallic
nanoparticles demonstrate superiority over constituent metal NPs
due to strong electronic coupling resulting in strong enhance-
ment of catalytic activity [19–21]. The special interest in creation
and investigation of AgPt nanoparticles is determined by their
activity in various electrochemical reactions [22–25]. However
the creation of electrodes combining high specific surface area
and bimetal NPs is not easy and multistep process. The choice
of AgPt NPs as electrocatalysts in our work was connected with
demonstration of both — LID deposition of bimetal NPs AgPt, as
well as decoration of 3D AAO structures. As functionality testing
of glucose oxidation was chosen as having practical meaning.

Laser-induced deposition is a method developed in the field
of laser chemistry for generating various types of nanostruc-
tured solids upon laser irradiation of a solution of appropri-
ate supramolecular precursors. Laser chemistry methods include

https://doi.org/10.1016/j.nanoso.2020.100547
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photochemically- and thermally induced nano- and microstruc-
ture formation [26–29], metal nanoparticles generation with laser
ablation [30–32], as well as the formation of nanostructures in
glasses [33,34]. The structures obtained in laser-induced pro-
cesses have been applied in surface-enhanced Raman
spectroscopy (SERS) [35–38], photo- and electrocatalysis [39–
42] and nanophotonics [43–45]. Laser chemistry allows the ex-
perimentalist to control the reaction conditions accurately in
a confined volume. In particular, the LID method enables one
to deposit metal nanoparticles embedded in a carbon matrix
on substrates of various topologies: planar ones such as mi-
croscope cover glasses and conductive indium tin oxide (ITO)
films, but also three-dimensional ones such as silicon nanowires
and nanoporous anodic aluminum oxide (AAO) [41,46]. A criti-
cal advantage of LID over more traditional techniques (such as
wet chemical impregnation, galvanic deposition, or atomic layer
deposition) is its ability to generate in a single experimental pro-
cedure a complex composite layer containing both the electrical
conductor (carbon) and the electrocatalysts (metal nanoparticles).
The LID method is based on photo-excitation of the precursor
molecule and its following decomposition [47]. Then the for-
mation of nanostructures from the precursor components takes
place on the surface of the substrate. An appealing feature of the
approach is the use of continuous low-intensity laser irradiation,
which guarantees that there is no destructive effect both on
the synthesized nanostructures themselves and on the substrates
on which they are formed. The last circumstance is of critical
importance for application of LID approach for decoration of
nanostructured substrates such as nanoporous AAO. Scheme 1a, b
demonstrates the principle experimental scheme of laser-induced
deposition process. The structure of the organometallic complex
Pt2Ag4(C2Ph)8 used as the LID precursor in this work is presented
in Scheme 1c .

The large specific surface area of the NPs maximizes their
catalytic performance [48,49]. Furthermore, LID also gives ac-
cess to bimetallic NPs, which may exhibit higher electrocatalytic
performance than their monometallic counterparts [50].

In this paper, we explore the adequacy of LID-generated
nanostructured electrodes towards glucose oxidation in sense of
practical applications in medicine and food industry. Biological
media are predominantly pH-neutral or mildly acidic whereas
fruit juices are mainly mildly acidic. However the majority of
published articles have been focused on glucose oxidation in
alkaline conditions. That is why glucose oxidation reaction in
mildly acidic media (pH = 4) was chosen in our study for the elec-
trocatalysis of a bimetallic system AgPt@C. We characterize the
AgPt@C deposit on planar substrates and demonstrate that the
procedure can be generalized to 3D substrates. A homogeneous
LID deposit along the whole length of the AAO pores, how-
ever, requires a preliminary surface treatment. Such optimized
nanostructured electrodes subsequently provide a significant im-
provement of glucose oxidation activity with respect to their
planar counterparts.

2. Materials and methods

2.1. Materials and reagents

Aluminum plates (99.99%), were obtained from SmartMem-
branes. The ITO sputter target with purity >99.99% and disc
shape from Stanford Advanced Materials was used. Cover glass
slips with 0.15 mm thickness and 24 mm x 24 mm size were
purchased from Levenhuk (G100 cover slips). CuCl2 (>98% wt%),
H3PO4 (84% wt%) and HCl (38% wt%) were used without additional
purification. For solutions preparation bidistilled water was used.

Target hexanuclear complex Pt2Ag4(C2Ph)8 was synthesized
according to published procedure [51] from cis-[Pt(DMSO) Cl ],
2 2
AgNO3 and phenylacetylene in dark under N2 atmosphere using
Schlenk technique. Cis-[Pt(DMSO)2Cl2] was prepared following
o published procedure [52] and used as obtained without ad-
itional purification. All reagents were purchased from commer-
ial suppliers (Sigma Aldrich, Alfa Aesar and Fluka) and used as
eceived without additional purification. Dichloromethane, ace-
onitrile, triethylamine and phenylacetylene were purified and
istilled following to the standard procedures [53].

.2. Synthesis of Pt2Ag4(C2Ph)8 precursor

AgNO3 (161 mg, 0.948 mmol) and phenylacetylene (97 mg,
.948 mmol) were dissolved in dichloromethane/acetonitrile sol-
ents mixture (1:1, v/v, 4 mL) and triethylamine (96 mg, 0.948
mol) was added dropwise. White suspension was stirred for 30
in at room temperature. Then, a solution of cis-[Pt(DMSO)2Cl2]

100 mg, 0.237 mmol) in dichloromethane (2 mL) was added and
he reaction mixture turned dark. After 8 h of stirring at room
emperature AgCl was filtered off through a pad of Celite in a
asteur pipette. The pad was washed with dichloromethane. The
esulting red solution was evaporated to a minimum volume.
y addition of acetone excess a yellow precipitate (150 mg, 78%
ield) was obtained.

.3. Substrates preparation

As 2D substrates, cover slips coated with 200 nm ITO (indium
in oxide) were used, with a resistivity of 90 Ω/cm. The ITO film
as obtained by HF sputter-coating in a Torr CRC 622 Sputter
oater (first 20 nm were spattered at the pressure 6.6 × 10−3

orr, then subsequent 180 nm at the pressure 3 × 10−3 Torr).
As 3D substrates, nanoporous anodic aluminum oxide with

n average pore diameter of 350 nm and pore length of 14 µm
was used. The templates were prepared in a two-step anodization
process [12]. Aluminum plates of 2 cm × 2 cm size were placed
n beakers featuring adapted openings and pressed onto a thick
opper plate serving as the electrical contact. First, electropolish-
ng of samples in a solution of HClO4 in ethanol (volume ratio
1:3) was carried out for 5 min under +20 V, whereas a silver
mesh served as the cathode. After electropolishing, the beakers
with aluminum plates were thoroughly washed with distilled
water. Next, disordered aluminum oxide pores were obtained
on the aluminum surface upon anodization under +195 V at
0 ◦C for 1 h in 0.5 wt% phosphoric acid, then for 23 h in 1%
phosphoric acid. The layer of porous oxide obtained was removed
with chromic acid (2% H2CrO4 in 20% H3PO4) at 45 ◦C for 23 h. The
second anodization step leading to ordered membrane pores was
performed under +195 V at 0 ◦C in 0.5 wt% phosphoric acid for
1 h and afterwards in 1.0 wt% phosphoric acid under +195 V for
6 h. The metallic aluminum substrate was subsequently removed
with a solution of 0.7 M CuCl2 in 10% HCl, the procedure takes
50 min. The aluminum oxide barrier layer was finally deleted by
treatment of the samples with 10 wt% H3PO4 at 45 ◦C for 45 min.

A set of the AAO templates was chemically functionalized from
the gas phase in an atomic layer deposition reactor GEMStar
XT (Arrandiance). After 4 pulses of water at room temperature,
tH2N(CH2)3Si(OEt)3 was pulsed four times while the chamber was
held at 80 ◦C. For water the durations of pulse, exposure, and
pumping were 0.2 s, 40 s, and 60 s correspondingly. For silane
precursor the durations of pulse, exposure, and pumping were 2
s, 100 s, and 200 s correspondingly.
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Scheme 1. Principles of laser-induced deposition: (a) scheme of laser-induced deposition on 2D substrates; (b) scheme of laser-induced deposition on 3D substrates;
c) structure of the organometallic Pt2Ag4C2Ph8 precursor used for LID.
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.4. Sample preparation by laser-induced deposition

A saturated (2.4 mM) solution of Pt2Ag4C2Ph8 organometallic
recursor in acetophenone was prepared with 5 min of
ltrasonication and subsequent 5 min of centrifugation at 10000
pm in a Sigma 2-16P (Sigma Laborzentrifugen). Then hydrazine
as added to the solution in a molar ratio of 2:1 precursor to
ydrazine. For the LID process, the prepared solution was either
ut into a glass cuvette (deposition on 2D substrates) or dropped
nto the substrate (deposition on 3D substrates) and irradiated
y the continuum wave CUBE laser source from Coherent (λ =

05 nm and a power density of 60 mW/cm2). The laser beam
as unfocused, sample was immobile relatively the laser beam,
he exposure time was 20 min. These parameters allow obtaining
he most homogeneous coverage of substrates with NPs without
heir agglomeration. The deposition area coincided with the laser
eam diameter ca 2 mm. Finally, the samples were washed with
cetone. For the current study we prepared one set of 2D samples
NPs on cover slips with ITO) and two sets of 3D samples (NPs on
AO as prepared and on AAO modified with silanization).

.5. Sample characterization

The absorbance spectra were measured with a Precision Spec-
rophotometer Lambda 1050 UV/VIS/NIR. The precursor solu-
ion absorption spectra were recorded over the spectral range
70 nm–500 nm, while the absorption spectra of AgPt@C NPs de-
osited on ITO (2D samples) were determined in the range of 300
m–450 nm with an integrating Ulbricht sphere. The substrate
ith NPs was placed in the sphere center. The morphology and
omposition of obtained samples were investigated by scanning
lectron microscopy (SEM) and energy dispersive X-ray analysis
EDX) with a scanning electron microscopes Zeiss Supra 40VP
ith Field Emission cathode, GEMINI electron-optics column, oil-

ree vacuum system, variable pressure (VP) operating mode, and
ith a JEOL JSM 6400 PC with LaB6 cathode and silicon drift EDX
etector from SAMx. The transmission electron microscope (TEM)
mages were obtained on a transmission electron microscope
eiss Libra 200FE.

.6. Electrocatalysis

For preparation of 2D electrodes, samples on ITO were glued
o small copper plate (2 cm × 2 cm × 0.1 cm) with copper
dhesive tape. For preparation of 3D electrodes, 800 nm ITO film
as obtained by HF sputter-coating (first 20 nm were spattered
at the pressure 6.6 × 10−3 Torr, then subsequent 780 nm at the
pressure 3 × 10−3 Torr) onto one side of the sample based on
nanoporous AAO in order to provide the electrical contact layer.
The fact of completed formation of this contact layer was con-
trolled by SEM. Then, the sample was glued to a copper plate with
copper adhesive tape, with the ITO-covered side facing Cu. In both
cases – 2D and 3D – Kapton polyamide non-conductive tape was
used for masking and defining a circular opening of well-defined
macroscopic size. It was laser-cut with a GCC LaserPro Spirit LS
Laser to 2 cm × 2 cm pieces featuring a central circular hole of
1.5 mm diameter. Scheme 2 shows construction of electrodes.

The samples were investigated as the working electrode in a
three-electrode electrochemical cell with Pt mesh as the counter-
electrode and an Ag/AgCl (3 M KCl) reference electrode featuring
a redox potential of +0.21 V versus NHE. All electrochemical
ata given in the paper are stated with respect to the Ag/AgCl
eference. We performed glucose oxidation reaction in HCl at pH
in the absence and presence of 5 mM glucose. To confirm the
resence of platinum in the system, the hydrogen evolution reac-
ion (HER) was carried out. For HER, we used HCl at pH 4 as the
lectrolyte. The measurements were carried out at room temper-
ture on potentiostats Gamry Interface 1000. Cyclic voltammetry
as carried out starting at the open-circuit potential with 3 s time
elay between OCP and CVA measurements, CVA was performed
ith a scan rate of 50 mV s−1, three cycles were measured for

each case without time delay between the cycles. The voltage
range for hydrogen evolution reaction is from −0.7 V to 1.5 V. The
oltage range for glucose electrooxidation is from −0.2 V to 0.5

V. For all listed cases, the third CV cycle is presented. The current
density was calculated from the raw current data based on the
macroscopic area of samples exposed by the mask. For AgPt@C
NPs on AAO modified with silanes, EIS and chronoamperometry
measurements were performed additionally. EIS was performed
with a 10 mV amplitude from 100 kHz to 1 Hz at +0.45 V.
Chronoamperometry was performed during 1 h at +0.45 V.

3. Results and discussions

3.1. Laser-induced deposition of AgPt@C NPs and sample character-
ization

In the following, at first was characterized the material ob-
tained by LID on planar substrates glass slides coated with indium
tin oxide (ITO, a classical transparent conductor). The meth-
ods will be generalized to the three-dimensional system in a

subsequent step.
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Scheme 2. Construction of electrodes from samples obtained in LID process: (a) macroscopic photo; (b) construction of electrode based on 2D sample; (c) construction
of electrode based on 3D samples.
The laser-induced deposition is carried out from a solution
of organometallic precursor Ag2Pt4(CCPh)8, in acetophenone. LID
as performed under continuous wave laser irradiation with
avelength λ = 405 nm, that is, within the absorption band of
he precursor as shown in Fig. 1a. At the optimized experimental
onditions (laser wavelength and power density, exposure dura-
ion, solution composition), this process leads to the formation of
hybrid material containing approximately spherical NPs in the
one of laser irradiation on the planar (2D) solid substrate surface,
s demonstrated by scanning electron microscopy (SEM, Fig. 1b).
A quantitative analysis of the micrographs yields a maximum

f the NPs diameter distribution function at 56 nm approxi-
ately. These particles, however, exhibit a phase-separated inner
tructure as observed by transmission electron microscopy in
igh-angle annular dark-field imaging mode (HAADF-TEM) and
nergy-dispersive X-ray (EDX) spectroscopic analysis (Fig. 2). The
ata show the presence of both metals (silver and platinum)
s small inclusions embedded within a carbonaceous phase. The
etal inclusions have a narrow size distribution, with an average
iameter just below 2 nm.
To determine the nature of metal clusters embedded in car-

onaceous phase (whether they are mono- or bimetallic), two
ndirect techniques were used: optical absorption spectroscopy
nd electrochemical characterization.
The position of plasmon resonance peaks in the absorption

pectra of metal clusters depends sensitively on their composi-
ion, shape and size, so that it can be used as a diagnostic tool for
istinguishing real bimetallic alloys from mechanical mixtures of
onometallic clusters [54]. In particular, spherical metal clusters
ith a diameter below 10 nm yield a plasmon peak the position
f which depends mainly on the metal nature. For pure silver
nd pure platinum NPs, the peak lies at 420 nm and 220 nm,
espectively (with some variability depending on the dielectric
onstant of the matrix) [55]. Fig. 3a presents the absorption
pectrum of our LID-derived material. It features two pronounced
eaks, which may be assigned to two distinct types of metal clus-
ers [56,57]. The peak at 430 nm is related to pure silver clusters.
ts slight red-shift might result from the carbonaceous matrix. The
eak at 350 nm is situated between the values expected for pure
t and pure Ag particles, which therefore hints at the presence of
bimetallic phase.
Further confirmation of the presence of bimetallic AgPt parti-

les is offered by the electrochemical properties of the material in
mildly acidic aqueous solution. Electrocatalysis of the hydrogen
evolution reaction (HER) is a hallmark of platinum-containing
particles with small diameters [50]. The cyclic voltammetry wave
presented on Fig. 3b exhibits a strong cathodic catalytic current
below −0,3 V. This current, which is absent for the bare ITO
substrate and starts at the thermodynamic equilibrium potential
of the H+/H2 couple at pH = 4, can be confidently assigned
to hydrogen evolution, and therefore proves the presence of Pt.
However, the absence of the standard peaks associated with
adsorption and desorption of atomic hydrogen on platinum (ex-
pected at slightly less negative potentials) indicates the absence
of pure Pt, and thereby, the exclusively bimetallic nature of Pt-
containing metal clusters. The oxidation and reduction waves
at +0.4 V and +0.2 V, respectively, correspond to the oxida-
tion of metallic silver to AgCl and its reverse reduction to Ag,
respectively.

Thus, the parameters of laser-induced deposition defined for
2D substrates are transferred to the LID of AgPt@C on nanostruc-
tured (3D) anodized aluminum oxide templates. The results of
depositions on as-prepared alumina substrates and on their coun-
terparts functionalized with 3-amino-propyl-triethoxy-silane are
presented in Fig. 4. Clearly, the hydrophilic oxide surface is inade-
quate for a proper interaction with the apolar precursor solution,
so that LID results in a meager deposition on and near the top
surface of as-anodized samples (Fig. 4b). Silanization yields a
strongly contrasting situation, with large amounts of material
deposited on the pore walls along their whole length (Fig. 4c–e,
Figure S1 in the Supplementary Information). The EDX analysis
from top of 3D sample shows that the composition of NPs is
the same in 3D and 2D case (Figure S2 in Supplementary Infor-
mation). Element analysis in depth profiles performed by EDX
for silver as most intensive signal recorded from NPs, indicate
that the metal loading is not perfectly constant along the pore
depth. However the continuous surface decoration was observed
throughout the depth even for deep (14 µm) pores.

Thus, with appropriate preliminary surface treatments, the
method of laser-induced deposition allows one to obtain com-
posite AgPt@C structures both on planar surfaces and 3D AAO
substrates. In these composite electrodes, the electrocatalytic ac-
tivity is provided by the metallic clusters, whereas the carbon
phase (in which metal is embedded) and the underlying ITO layer
provide the sample’s conductivity.
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p

Fig. 1. (a) Absorbance spectra of acetophenone and the Pt2Ag4(C2Ph)8 precursor solution: at the laser irradiation wavelength (405 nm), only the organometallic
recursor absorbs; (b) Scanning electron micrograph of AgPt@C deposit obtained by laser-induced deposition on ITO films; inset: NPs size distribution.
Fig. 2. Characterization of laser-deposited NPs: (a) HAADF TEM image of NPs in the carbonaceous matrix; on inset, EDX analysis; (b) bright-field TEM image of
deposited NPs; on inset, size distribution of metal clusters incorporated in carbonaceous phase.
Fig. 3. Confirmation of bimetallic nature of NPs: (a) absorbance spectrum of the deposited NPs; gray insets define the known plasmon peak positions for monometallic
Pt and Ag NPs; (b) cyclic voltammograms of planar AgPt@C electrodes measured in a pH 4 HCl electrolyte versus the Ag/AgCl/KClsat reference electrode, and of a
reference sample without NPs.
3.2. Electrocatalysis of glucose oxidation

When 5 mM of glucose are added to the mildly acidic elec-
trolyte (pH = 4), the 2D samples (AgPt@C on ITO/glass) yield
some oxidation and reduction peaks upon voltammetric cycling,
which are absent from the waves recorded in absence of glucose
(Fig. 5a).

As displayed on Fig. 5a, planar samples exhibit low currents,
but in the presence of glucose an anodic peak appears between
+0,3 V and +0,45 V. At the next step samples with 3D nanos-
tructured geometry were investigated. The CV for sample based
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Fig. 4. Laser-induced deposition on 3D templates: (a) pure AAO template; (b) PtAg@C NPs on AAO; (c) PtAg@C NPs on AAO modified with silanization; (d) PtAg@C
NPs on AAO modified with silanization — cross-section view; (e) silver distribution on sample, inset — EDX data across the line.
Fig. 5. Electrocatalysis of glucose oxidation on samples with various geometries. (a) Cyclic voltammograms (CV, 3rd cycle) recorded on 2D sample — AgPt@C NPs
on ITO in presence of 5 mM of glucose and in absence of glucose (reference measurement); (b) glucose electrooxidation on 3D samples: CV (3rd cycle) recorded on
AgPt@C NPs deposited on AAO modified with silanes; reference measurements without glucose/ without NPs are presented. All measurements were carried out vs.
the Ag/AgCl/KClsat reference electrode in HCl (pH = 4).. (For interpretation of the references to color in this figure legend, the reader is referred to the web version
of this article.)
on non-modified AAO support in presence and absence of glu-
cose are identical (see Figure S3 in Supplementary information)
and have no catalytic currents neither any peaks, which is in
agreement with SEM data and demonstrates poor deposition of
NPs. The situation is completely changing in case of AgPt@C NPs
on AAO support modified with silanes. Fig. 5b demonstrates a
set of waves: CV for sample with AgPt@C NPs on AAO support
modified with silanes in presence of 5 mM of glucose (black line)
and two control measurements in absence of glucose (blue line)
as well as in absence of AgPt@C NPs (red line). In contrast with
2D system, in 3D case there are oxidation and reduction peaks
visible at CV in absence of glucose. The peaks at +0,05 V and
+0,25 V may be related to oxidation and reduction processes
taking place with the Ag of the NPs themselves, the slope in
range from −0.2 V to −0.1 V may be caused by start of hydrogen
evolution reaction. The full 3D surface is covered with active
electrocatalyst, and with adding of glucose, current density is
correspondingly much higher than in the 2D case, as expected: it
reaches 25 µA/cm2 for the oxidation of glucose to gluconolactone
near +0.45 V. This current is fully caused by glucose oxidation, as
proven by control experiments comparing waves recorded in the
presence and absence of glucose (compare black and blue lines
on Fig. 5b). The shift for peaks related to processes on NPs may
be caused by higher involving of bimetallic clusters in surface
reaction. The voltammetric waves on Fig. 5 has a shape similar
to those obtained on Ag in basic medium [58–60], but is shifted
according to expectations based on pH.

To investigate the stability of AgPt@C/silanes/AAO samples
chronoamperometry measurements were performed. Fig. 6a
demonstrates that during chronoamperometry measurements at
+0.45 V, the sample demonstrates stable current. The CVs for the
sample before and after chronoamperometry measurements are
presented in Supplementary Information, Figure S4.

To obtain information about the kinetics of the reaction,
impedance spectroscopy for AgPt@C/silanes/AAO sample was per-
formed (Fig. 6b). The response of the sample is an almost straight
line, which is typical for systems in which transport plays the
most important role [61]. The equivalent circuit model is pre-
sented on Fig. 6b, fitted curve is in solid line. Value of the
most important element — charge-transfer resistance (Rct) at the
electrolyte/electrode interface is 628 kΩ .

4. Conclusions

In this article, hybrid AgPt@C nanoparticles were prepared for
the first time with laser-induced deposition; bimetal supramolec-
ular complex Pt2Ag4(C2Ph)8 was used as the organometallic pre-
cursor. The deposited nanostructures were found to be carbon
nanoparticles ca 56 nm in diameter with bimetal Ag–Pt nanoin-
clusions ca 2 nm. The procedure of AgPt@C NPs formation was
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Fig. 6. (a) chronoamperometry measurements for AgPt@C/silanes/AAO sample; (b) impedance spectroscopy of AgPt@C/silanes/AAO sample.
uccessfully demonstrated for both 2D and 3D substrates. As
D substrates the AAO templates were used. In spite of high
AO aspect ratio (pore length to diameter ca 100:1), continues
ore decoration with NPs was demonstrated. It was found that
preliminary silanization of the anodic aluminum oxide surface

avors more homogeneous AgPt@C NPs formation. Obtained sam-
les are applicable to non-enzymatic electrocatalysis of glucose
xidation in mildly acidic medium. The performance of these
gPt@C NPs/AAO electrodes can be tuned based on the geometric
arameters of the AAO substrate.
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