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Abstract

Silver/titania (Ag/TiO,) nanocomposites, synthesized through a simple one-step chemical reduction method, are used for
electrochemical sensing of hydrogen peroxide (H,0,). The images of transmission electron microscopic (TEM) demonstrate
a well dispersion of Ag nanoparticles (NPs) with a particle size range of approximately 3 nm on the TiO, surface, which
makes the sensor based on Ag/TiO, exhibit an excellent performance toward H,O, The AgNPs presented in the nanocom-
posite exhibit electrocatalytic reduction of H,O, and the limit of detection (LOD) is found to be 1.23 pM. Density functional
theory (DFT) calculation studies reveal that H,O, could be easily adsorbed onto Ag rather than TiO, surface of Ag/TiO, via
a partial electron transfer from Ag to H,0,. The nanocomposite-modified electrode has also excellent selectivity toward the
detection of H,0, over the interferents even when the interferents have a 100 times higher concentration than H,O,

1 Introduction

The sensitivity and accurate determination of small quanti-
ties of H,0, is utmost important because of its wide use
in food industry, pharmaceutical, environmental analysis,
biomedical fields, and enzymatic reactions [1]. Acciden-
tal ingestion of H,0, will lead to diseases such as asthma,
cancer, and diabetes and even will cause death for high
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consumption of H,0,. With the increasing number of impor-
tant applications of H,0,, different methods have been uti-
lized toward the detection of H,0,, such as chemilumines-
cence [2], fluorescence [3], and spectrophotometry [4]. Yet,
these techniques are usually not easy to use, time consum-
ing, and sometimes costly. Since H,0, itself is an electro-
active material, constructing a competent electrochemical
sensor has gained much interest among researchers due to
its ease of the operation, low cost, and high selectivity [5,
6], certainly depending on the material used for the sensor.

In recent year, metal oxide materials emerged as promising
materials for sensing applications. A large variety of oxide
compounds can be formed from metal elements that can
adopt a vast number of structural geometries with an elec-
tronic structure that can exhibit metallic, semiconductor, or
insulator character. Due to the widespread structural, physi-
cal properties, chemical properties, and functionalities, metal
oxides had stand out as one of the most common, diverse, and
richest classes of materials [7]. Metal oxides proved to be very
promising for a variety of technological applications due to
their unique and tunable properties such as optical, magnetic,
electrical, catalytic, photochemical properties [8—10]. The
metal oxides, such as modified zinc oxide (ZnO) [11], tita-
nium oxide, (TiO,) [12, 13] tin oxide (SnO,) [14], zirconium
oxide (ZrO,) [15], manganese dioxide (MnO,) [16], copper(Il)
oxide (CuO) [17], and cerium oxide (CeO,) [18, 19], have
been widely investigated as sensing material. So far, TiO,
has attracted much interest owing to its low cost, abundance,
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non-toxicity, safety, high specific surface area, and biocompat-
ibility [20, 21].

Nowadays, non-enzymatic electrochemical sensors have
attracted much attention from the researchers to avoid the dis-
advantage of the enzyme-based biosensors [22]. Therefore,
a plenty of studies have been carried out to improve the non-
enzymatic electrochemical sensors with low detection limit.
With the development of nanotechnology, many nanomateri-
als have been applied in the field of enzyme-free sensors due
to their excellent conductivity, extraordinary electrocatalytic,
large specific surface areas, and biocompatibilities. Among
these, metal nanoparticles, such as gold (Au) [23, 24], copper
(Cu) [25, 26] platinum (Pt) [27, 28], and palladium (Pd) [29,
30] were employed to construct H,O, sensor. Silver nanopar-
ticles (AgNPs) have aroused growing interest in recent years,
because they not only have common characteristics of noble
metals nanoparticles but also have unique properties of out-
standing conductivity, electroactivity, low toxicity, and low
cost [12—14, 31, 32]. However, the aggregation of AgNPs
prohibits extensive applications because of the poor stabil-
ity and reproducibility, and thus highly dispersed AgNPs are
very important in fabricating a sensor [33]. In this regard, the
supported system had a major influence on fabricating highly
dispersed AgNPs for efficient sensor application. Recently,
TiO, has gained increasing attraction as an ideal material for
the supported system to fabricate sensors owing to its special
characteristics, especially the property of the strong metal-
support interactions (SMSI). The TiO, particles will provide
large surface area and strong interaction between Ti and Ag
for the stable deposition of AgNPs and the AgNPs facilitate
an efficient electron transfer process during the electrocatalytic
reduction of H,0,, thus improving the sensing performance.

In this study, we successfully developed a facile, one-step
chemical reduction method to prepare homogeneously dis-
tributed Ag nanoparticles deposited on TiO, without addition
of any stabilizer or surfactant. The Ag/TiO, nanocomposite-
modified electrode showed better catalytic performance com-
pared to that of a bare TiO,. The effect of the Ag content on the
catalytic performance was also investigated. The detection of
H,0, was studied using the amperometric i—f curve technique
and limit of detection was found to be 1.23 uM with signal-to-
noise (S/N) ratio around 3. Furthermore, the nanocomposite-
modified electrode demonstrated excellent selectivity toward
the detection of H,O, in the presence of 100 times higher con-
centration of other important interferents.

2 Experimental methods
2.1 Materials

Titanium dioxide (P25), silver nitrate (AgNO;), and sodium
borohydride (NaBH,) were purchased from Merck and used
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them as received. H,O, was obtained from Sigma-Aldrich.
All chemicals used were of analytical reagent grade and dou-
bly distilled water was used for all the experiments.

2.2 Synthesis of Ag/TiO, nanocomposite

Firstly, 500 mg of P25 was added to different amounts of
aqueous AgNO; (5, 10, 20, and 40 wt%). Each mixture was
vigorously stirred for half hour at room temperature. The
reduction of Ag* was initiated when NaBH, was added and
the solution changed to greenish yellow. The mixture was
then stirred for another half hour. The greenish yellow solu-
tion was centrifuged and washed repeatedly using distilled
water and ethanol. Finally, the solution was then dried in an
oven at 60 °C to obtain the Ag/TiO, nanocomposite. The
nanocomposite with 20 wt% of Ag was used for all the char-
acterizations and detection of H,O, unless otherwise stated.

2.3 Fabrication of Ag/TiO,-modified electrode
and electrochemical measurements

The Ag/TiO, nanocomposite was prepared following the
previous method [34] with some modifications. The detailed
method is described in supplementary information. Prior to
modification, the glassy carbon electrode (GCE) was care-
fully polished with alumina slurry suspension (5 uM) on the
micro-cloth polishing pad followed by ultrasonically cleaned
with distilled water and ethanol for 2 min. Next, SuL of the
nanocomposite solution (1 mg/mL) was dropped onto a GCE
surface, allowed to dry at room temperature (25 °C) for 1 h.
The prepared Ag/TiO,-modified GCE was used as a working
electrode for further investigation.

2.4 Characterization techniques

Transmission electron microscopy (TEM) images were
captured using JEOL JEM-2100 F high-resolution trans-
mission electron microscope (HRTEM) operated at 200 k'V.
The optical absorption properties in the spectral region of
200-800 nm were examined using a Thermo Scientific Evo-
lution 300 UV-Vis absorption spectrophotometer. Raman
spectra were recorded with Renishaw inVia 2000 system
with an argon ion laser emitting at 532 nm. The crystal-
line phase of the samples was studied via X-ray diffrac-
tion (XRD; D5000, Siemens), using copper Ka radiation
(1=1.5418 A) at a scan rate of 0.02° s~!. All the electro-
chemical studies were carried out using a VersaSTAT-4
electrochemical analyzer (Princeton Applied Research,
USA) with a conventional three-electrode system. The fab-
ricated GCE was used as a working electrode, silver/silver
chloride (Ag/AgCl) as reference electrodes, and Platinum
(Pt) as counter electrode. X-ray photoelectron spectroscopy
(XPS) measurements were taken by synchrotron radiation
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from beam line no. 3.2 at the Synchrotron Light Research
Institute, Thailand.

2.5 Density functional theory (DFT) calculation

All DFT calculations, i.e., geometry optimization, were per-
formed using the DMol? program package [35] (Materials
Studio 8.0, BIOVIA, San Diego, USA). The method pro-
posed by Tkatchenko and Scheffler (TS) was employed to
correct the calculations for missing van der Waals interaction
[36]. Generalized gradient approximation (GGA) with the
Perdew—Burke-Ernzerhof (PBE) functional was employed
to account for the exchange—correlation interaction [37].
Spin-polarized calculations were carried out with double
numerical plus polarization (DNP) basis set. All electrons
were included in the calculations. The Brillouin zone was
sampled only at Gamma-point. The orbital occupancy ther-
mal smearing was set to 0.005 Ha. The convergence crite-
ria for the maximum energy change, the maximum force,
and the maximum displacement were set to 107 Ha, 0.002
Ha-A~', and 0.005 A, respectively.

3 Results and discussion

3.1 Morphological studies and optical properties
of Ag/TiO, nanocomposite

The physical appearance of Ag/TiO, with is shown in
Fig. 1a. The morphology and structure of the Ag/TiO,
nanocomposite was characterized with TEM. The analysis
of TEM images revealed that the TiO, particles have a size
range of 20-25 nm (Fig. 1b, ¢). AgNPs had a diameter of
approximately 3 nm and are well dispersed and depos-
ited on the surface of TiO, (Fig. 1c). Figure 1d indicates
the UV-Vis absorption spectra of the TiO, particles and
Ag/TiO, nanocomposite. TiO, did not have any absorb-
ance in the visible region because of the wide band gap
energy (~3.2 eV). The deposition of AgNPs on the TiO,
surface significantly influenced the absorption in the vis-
ible regions of 450-600 nm, which was due to the surface
plasmon resonance (SPR) band of AgNPs. It can be seen
that the absorption edge also shifts toward visible region
for Ag/TiO, sample due to the influences of AgNPs on
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Fig. 1 a Physical appearance of the Ag/TiO, nanocomposite. b, ¢ TEM images of Ag/TiO, nanocomposite at different magnifications. d Absorp-

tion spectra of TiO, particles and Ag/TiO, nanocomposite
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the absorption properties of TiO, based on the figure that
compared to pure TiO,.

3.2 XPS and Raman analyses of Ag/TiO,
nanocomposite

In order to understand the chemical components of the sam-
ples, the Ag/TiO, nanocomposite XPS spectra were ana-
lyzed and are demonstrated in Fig. 2. The scanned surface
spectra illustrate the chemical composition of elemental Ti,
O, and Ag in the Ag/TiO, nanocomposite. The binding ener-
gies of Ag 3ds,, and Ag 3d;), levels are found to be 368.5
and 374.5 eV in Fig. 2a, respectively, with a peak separation
of 6 eV attributing to the formation of the metallic silver
[38]. Ti 2p spectra for Ag/TiO, are observed at 454.2 and
459.8 eV corresponding to the binding energies of the Ti
2p;), and Ti2 p,, core levels in the presence of the Ti(IV)
state (Fig. 2b). The X-ray diffraction patterns indicated that
TiO, and Ag/TiO, were composed of mixed anatase and
rutile phases (Figure S1), which closely matches the ref-
erence patterns of JCPDS card No. 83-2243 and 21-127,
respectively. The diffraction peaks observed at the 20 val-
ues of 25.35°, 38.78°, 47.15°, and 75.4° corresponded to
the anatase phase of TiO, and were assigned to the (101),
(004), (200), and (215) crystallographic planes, respec-
tively. In contrast, the peaks at the 26 values of 54.8° and
63.8° agreed well with the rutile phase of TiO, and were
are assigned to the (220) and (002) crystallographic planes,
respectively. From the XRD analysis, the crystallographic
peaks due to Ag overlapped with those for the rutile phase
of TiO,. Hence, the peaks were indistinguishable in Ag@
TiO,. Raman spectroscopy for TiO, and Ag/TiO, nano-
composite was also collected in order to evaluate the phase
identification of the nanocomposites (Fig. 3). The bands at
153.35, 198.74, 396.32, 521.19, and 637.41 cm™" are charac-
teristic of anatase phase TiO,. However, no signal related to
AgNPs was identified perhaps because of the relatively low
concentration of Ag loaded onto TiO, and its weak Raman
scattering.
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Fig.3 Raman spectra of TiO, and Ag/TiO, nanocomposites

3.3 EIS study

The interfacial electron transfer properties and imped-
ance changes of the surface-modified electrodes were
studied by the electrochemical impedance spectroscopy
(EIS) technique. The 1 mM [Fe(CN)¢]*"*~ in 0.1 M KCl
was applied as a redox analyte to study the conducting
behavior of the Ag/TiO, nanocomposite-modified elec-
trode. Normally, the diameter of the semicircle at higher
frequencies in the Nyquist diagram is related to the elec-
tron transfer resistance (R, [39]. As shown in Fig. 4a,
the Ag/TiO,-modified electrode shows a smallest Rct
value (~ 54,569 Q) compared to bare GCE (~ 198,628 Q)
and TiO, (~ 67,833 Q)-modified electrode under given
experimental conditions. This indicated that the presence
of Ag at the modified electrode efficiently facilitated the
electron transfer process. Furthermore, bode phase of the
modified electrodes was collected in the frequency range
of 0.01-1000 Hz that corresponds to the charge-transfer
resistance of the modified electrodes. The shifting of peaks
toward the low-frequency region for the TiO, and Ag/TiO,
nanocomposite indicates the efficient electron transfer

Fig.2 XPS spectra of Ag/TiO, (@) 3y,
and the corresponding a Ag 3d (b) 2Py,
and b Ti 2p core-level spectra
—_ 3d.
3 32 -
o 3
~ ©
Z >
@ Ag 3d Bl Tizp
2 5 2p1/2
E E
365 370 375 452 456 460 464

Binding Energy /eV

@ Springer

Binding Energy /eV



Journal of Materials Science: Materials in Electronics (2020) 31:6017-6026 6021
(@) 400000 (b) 100
300000 o000 wrpees GCE
£ oo . £ s Tio,
300000" | T [Mew > 80+ ; ke AGITIO,
—_ " e, 20000 '“.v'.‘ *-*‘*'t*'nl .’“t"»h' -
£ // _ ryfﬂ:bw " I*'*. h‘», ,
< ° o TR L G, S0300 100000 150000 200000 ? 604 ) *, % ».
o . 2 (ohm) »
~ 200000 ° * L
H * »
N . < LY
o 404 * ",
100000+ e X
: A U N
T kR - 204 *, »
i; X / *‘*. **‘hhih
o- L} L L L} *‘**.*:':’:’:
0 100000 200'000 300000 400000 10 100 1000 10000 100000
Z (ohm) Frequency (Hz)

Fig.4 a Nyquist plots and b Bode angle phase plots for GCE, TiO,, and Ag/TiO, nanocomposite (20 wt% of Ag)

behavior of the nanocomposites as compared to the bare
GCE (Fig. 4b).

3.4 Electrocatalytic reduction of H,0,

The electrocatalytic behavior of the Ag/TiO, nanocomposite
toward the reduction of a 1 mM H,0, in 0.1 M PBS (pH 7.2)
was investigated with cyclic voltammetry and the results
are presented in Fig. 5a. No significant catalytic response
peak was observed for the reduction of H,0O, at bare GCE
and TiO,-modified electrode. However, a significant cata-
lytic current response was observed at an over potential
of —0.57 V for Ag/TiO, nanocomposite-modified electrode
toward the reduction of 1 mM H,0,. This clearly reveals
that excellent electrocatalytic properties of AgNPs for I mM
H,0, reduction. Hence, the current response corresponding
to the reduction of H,0, can be amplified by optimizing
Ag content on TiO,. Optimization of the amount of Ag on
TiO, is essential for the economic and high-performance
perspectives of a sensor. The current response increased with
the increasing amount of Ag on TiO, and the catalytic peak
at —0.57 V became significant for Ag/TiO,(20 wt% of Ag)
nanocomposite-modified electrode. The TiO, particles pro-
vide large surface area for the stable deposition of AgNPs
and the AgNPs facilitate an efficient electron transfer pro-
cess during the electrocatalytic reduction of H,O,. A further
increase in the Ag content eventually led to a decrease in the
catalytic current for the reduction of 1 mM H,O.,.

The cyclic voltammograms were recorded at the Ag/
TiO,(20 wt% Ag) nanocomposite-modified electrode for
the reduction of different concentrations of H,0, in 0.1 M
PBS (pH 7.2) and the voltammetric curves are displayed
in Fig. 5b. It can be seen that no characteristic peak was
observed in the absence of H,O, When H,0, was intro-
duced into the PBS, the reduction peak appeared and it
increased with respect to the concentration of the H,0,,

indicating the good electrocatalytic activity of the nano-
composite toward H,O, reduction. It was also observed
that the plot of peak current versus concentration of H,O,
showed a linear relation (Fig. 5c). The plot of log(current)
versus log[H,0,] (Figure S2) showed a linear relation with a
slope ~ 1, which indicates that the electro-reduction of H,0,
at Ag/TiO,-modified electrode follows the first-order kinet-
ics with respect to the H,O, concentration. The cyclic vol-
tammograms of Ag/TiO, nanocomposite-modified electrode
were recorded at different scan rates from 10-100 mV/s for
the reduction of 1 mM H,0, in 0.1 M PBS and are shown
in Figure S3A. A linear relation between the peak currents
and square root of scan rates was also obtained (Figure S3B)
which indicates that the H,0, reduction at the nanocompos-
ite-modified electrode is controlled by the diffusion process.

3.5 Amperometric detection of H,0,

Selective detection of the particular analyte for the common
interferent species can be obtained using amperometric (i—f)
technique tool. The Ag/TiO, nanocomposite with 20 wt% Ag
was chosen for the sensitive and non-enzymatic determina-
tion of H,0, because of the better catalytic performance in
CV. Figure 6 displays the amperometric current—time (i—t)
curve of the Ag/TiO, (20 wt% Ag) nanocomposite-modified
electrode in continuously stirred N,-saturated 0.1 M PBS
(pH 7.2) for the injection of different concentrations of H,O,
at aregular interval of 60 s with applied potential of —0.5 V.
The lower applied potential was used to avoid or decrease
the interferences caused by the electroactive species present
in the solution [40]. It can be observed that a significant
current response was observed and the sensor showed the
current response in less than 3 s for each addition of H,0,
with a sample interval of 60 s. This indicates that the AgNPs
present in the Ag/TiO, nanocomposite can enhance the H,0,
accessibility and efficiently promote the electron transfer rate

@ Springer



Journal of Materials Science: Materials in Electronics (2020) 31:6017-6026

6022
(@)
04
— -5 7
<
2
= 104
o
5 Bare GCE
S -15- —To,
AgITIO (5 wt.% Ag)
—— AgITIO (10 wt.% Ag)
-20- —— AgITIO,(20 wt.% Ag)
—— AgITiO,(40 Wt.% Ag)
-25 T T T T v
-0.8 -0.6 -0.4 -0.2 0.0

E vs Ag/AgCI (V)

(b)

I (nA)

0.0
-50.0
—0mM
—1mM
2mM
-100.0- —3mMm
—4mM
—5mM
—6mM
-150.0- —7mM
——8mM
—9mM
—10mM
-200.0 T T T g
-0.8 -0.6 -04 -0.2 0.0

E vs. Ag/AgClI (V)

(c)
200

150 -

100+

I (1A)

50 -

Fig.5 a Cyclic voltammograms obtained for bare GCE, TiO,, and
the Ag/TiO, nanocomposite with different wt% of Ag in N, satu-
rated 0.1 M PBS (pH 7.2) containing 1 mM H,0, at a scan rate of
50 mV/s. b CVs obtained for the Ag/TiO, nanocomposite (20 wt%

between the H,0, and electrode surface in PBS. The current
response increased for the successive addition of H,0O, and
multi-linear lines was observed for different concentration
ranges. The limit of detection of Ag/TiO, (20 wt% of Ag)
was found to be 1.23 uM toward the detection of H,O,. The
comparison of the analytical performance of the present Ag/
TiO, nanocomposite-modified GCE with previous reports
toward detection of H,0, is summarized in Table 1. The
present work stands for simple fabrication method for the
catalyst and without employing any polymeric binder mate-
rial or tedious electrode modification process. The proposed
modified electrode displayed a satisfactory performance in
terms of the detection limit and good selectivity.

3.6 Interference study

Investigation on the selectivity of the Ag/TiO, nanocom-
posite toward the detection of H,0, was then carried out
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[H,0,] (mM)

Ag) in N, saturated 0.1 M PBS (pH 7.2) containing different con-
centrations of H,O, at a scan rate of 50 mV/s. ¢ Calibration curve of
peak current versus concentration of H,O,

by injecting various possible physiological interferents in
the same homogeneously stirred PBS containing H,O,. The
current responses of the interferents such as ascorbic acid,
dopamine, glucose, KCI, NaNOj;, Na,SO,, and uric acid
were studied by adding in sequence after the few consecu-
tive addition of H,O, (50 pM) in the stirred PBS. However,
the added interferents did not indicate any current response
even with a 100 times higher concentration than the concen-
tration of H,O, (Fig. 7). Addition of interferents creates dis-
turbance in i—f curve signal but they did not lead to a stable
and significant current response. After the sudden increase
in the current response, a fast decay was detected before
they reach the steady state. It was then followed by introduc-
tion of H,O, to the same solution again which gave a quick
response. Moreover, the presence of higher concentration of
the interfering ions did not disturb the current signal of H,0,
and almost the same magnitudes of current response were
reproduced. The present sensor displayed good selectivity
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Fig.6 a Amperometric i—t curve obtained at the Ag/TiO,(20 wt%
of Ag) nanocomposite-modified electrode in N, saturated 0.1 M
PBS (pH 7.2) for the addition of various concentrations of H,0, at a
regular internal of 60 s. Applied potential was —0.5 V. b Calibration
curve of peak current versus concentration of H,O,

and sensitivity when compared among the other common
interferent species.

3.7 Density functional theory (DFT) calculation

In order to have a deep insight of the adsorption and reduc-
tion of H,0O, on Ag/TiO, nanohybrid, DFT calculation is
performed for the nanohybrid model in this work. The
calculation followed the procedure reported by Tada et al.
with slight modification [44]. As shown in Fig. 8, TiO,
surface is represented by a Ti,O,,H, cluster truncated from
rutile (110) surface. Hydrogen atom is used to stabilize
the dangling bond at peripheral O atom. Even though P25
is mainly composed of anatase (79%), stable and often
exposed surface of anatase is not established when com-
pared with the one of rutile. Band structure calculation
shows that both surfaces have almost the same electronic
property except that the surface of rutile has a slightly

smaller band gap. Furthermore, H,0, interacts with Ag
nanoparticles rather than TiO, surface, and thus the dif-
ference in local structure between anatase and rutile does
not influence the reduction of H,O, significantly.

As illustrated in Figure S4, Ag nanoparticle is repre-
sented by Ag; and Ag, clusters in this work. On optimizing
the structure of Ag cluster on Ti,0,,H,, Ag atoms and the
O atom at the top position, which is close to Ag cluster,
are optimized, while the other part of Ti,0,,H, cluster is
fixed to the crystalline geometry and the O-H bond length
is fixed to 1.0 A. Figure S5 shows the optimized geom-
etries of Ag clusters on Ti,O,yH, cluster. The optimized
geometry of H,0, is shown in Figure S6. In the case of
H,0, adsorption, H,0, is placed initially right above the
Ag cluster. H,O, is optimized as well as the Ag atoms
and the above-mentioned O atom. Similar to the result of
Tada et al. [44], the Ag clusters deposited on Ti,O;oH,
are positively charged. The charges are+0.714 eV
and +0.767 eV estimated by Mulliken population for Ag,
and Ag,, respectively.

The optimized geometry of H,0,/Ag,/Ti,0,,H, is shown
in Fig. 9a. Upon adsorption on Ag,/Ti,0,,H,, H,O, obtains
extra electron from Ag; cluster, resulting in the elongation
of O-O bond. H,0, is then dissociated into two hydroxyl
groups, one of which is adsorbed on Ag; cluster with a
bond length of 2.246 A. The hydroxyl groups formed will
react further with H* to form H,O. The adsorption energy
of HyO, (Eyus = Empovagarmiaotons = Emaor = Eagarisorona) 18
calculated to be —0.84 eV. The charges estimated by Mul-
liken population are —0.161 e and — 0.156 e for the adsorbed
hydroxyl group and free one, respectively. The charge of
Ag;, cluster increases from+0.714 eV to+0.926 eV upon
the adsorption of H,0,, i.e., the loss of electron is less than
the one gained by H,O,. That means electron is also trans-
ferred from Ti,O,,H, cluster to H,O, via Ag; cluster. This is
in good agreement with the mechanism presented by Khan
et al. [8] Dissociative adsorption of H,O, on Ag,/Ti,O,,H,
(Fig. 9b) is similar to that on Ag;/Ti,O,,H,. The adsorption
energy of H,0,is —0.76 eV.

To investigate the role of charge in the catalytic activ-
ity, H,O, adsorption on charged Ag,/ Ti,O,,H, cluster
was calculated and the optimized geometries are shown in
Figure S7. In the case of H,0, adsorption on anionic Ag,/
Ti,0,0H, cluster (— 1.0 eV), H,0, obtains more electron,
ie., —0.845 eV from Ag,/Ti,O0,,H,. H,0O, is dissociated into
H,0 and O bonded to Ag, cluster. The length of Ag—O bond
is 1.988 A, which is in good agreement with experimental
value of 2.0 A [45]. The adsorption energy of H,O, is calcu-
lated to be —2.12 eV. While in the case of H,O, adsorption
on cationic Au,/Ti,0,yH, cluster (+ 1.0 eV), dissociation of
H,0, is not observed due to the lack of free electron. H,0,
adsorbed physically to cationic Au,/Ti,O,yH, cluster with
an adsorption energy of —0.66 eV.
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Table 1 A comparison of the reported Ag and Ag/TiO, electrochemical sensors with the present nanocomposite for H,O, detection

Sensor electrode Fabrication method

Analytical technique LOD (uM) Interferents studied Refs

AgNPs/PQ11 Hydrothermal method
Nanoporous Ag on Titanium Hydrothermal method
surface

Hydrothermal followed by UV
reduction of Ag

Ag nanoparticle-TiO, nanowire

Ag nanoparticle-TiO, nanotube Anodization followed by electro-
phoretic of Ag

Ag/TiO, Biosynthesis using electrochemi-
cally active biofilm

TiO,/ rGO/Ag Anodization followed by immer-

sion and chemi-deposition of Ag

sol—gel process and photochemi-
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Fig.7 Amperometric i—¢ curve obtained for Ag/TiO, nanocomposite
(20 wt% Ag)-modified GCE for the successive addition of 50 uM of
H,0, and 5 mM of ascorbic acid, dopamine, glucose, KCI, NaNO;,
Na,SO, and uric acid in 0.1 M PBS (pH7.2). Applied potential was
-05V

For comparison, Cu, and Au, clusters are also calculated
using the same procedure. Optimized geometries are shown
in Figure S8. Upon adsorption on Cu,/Ti,O,,H, cluster,
H,0, is dissociated into H,O and O bonded to Cu, cluster.
The length of Cu—O bond is 1.714 A, which compares well
with the measured value of 1.72 A for CuO [46]. The adsorp-
tion energy of H,0, is calculated to be —2.15 eV. Au, cluster
is not stable in the presence of H,O,. H,0, adsorbed physi-
cally to deformed Au, cluster with an adsorption energy of

@ Springer

Fig.8 Structure of Ti,O,oH, cluster

—0.46 eV. DFT calculation supports the experimental results
that TiO, alone has nearly no activity toward H,O, reduction
and the active sites are actually Ag,/Ti,O,,H, although Ag
plays the key role on the absorption of H,O,.

4 Conclusion

In summary, a facile route to prepare Ag nanoparticles
deposited on TiO, via a simple chemical reduction method
was provided in this work. The Ag/TiO, nanocomposite-
modified glassy carbon electrode demonstrated a better
catalytic performance toward H,O, reduction compared to
bare TiO,. The improvement was mainly attributed to the
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Fig.9 Optimized geometries of H,0,/Ag;/ Ti,O,0H, (a) and H,0,/
Ag,/ TiyO,,H, (b), respectively

presence Ag nanoparticles which showed an excellent cata-
lytic activity for the complete reduction of H,0,, while the
existing TiO, gives Ag/TiO, to be a stable Ag,/Ti,O,oH,.
The optimum Ag content in Ag/TiO, for efficient sensor
was found to be 20 wt%. It showed better performance with
a detection limit of 1.23 uM using amperometric i—t curve
technique. Furthermore, the nanocomposite-modified elec-
trode showed selectivity toward the detection of H,0, in
the presence of a 100 times higher concentration of other
analytes. This sensor was stable and selective toward the
detection of H,0, and it could add further credit to the
TiO,-based electrochemical sensor.
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