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A sensitive electrochemical sensor for the detection of hydrogen peroxide was fabricated in this study
through manifesting surface wettability and morphology. Electrochemical measurements illustrate that
a hydrophilic surface led to stronger electrocatalytic response of Pt to H,0,, yielding a sensitivity of
122.6 pA-mM*-cm 2 within the concentration range between 40 and 500 nM. The achieved low
detection limit is 12.8 nM. The hydrophilic surface also exhibits positive influences on the selectivity
of H,O, over ascorbic acid and ethanol. The observation highlights the importance of macroscopic
properties such as surface wettability in the development of sensitive and selective chemical sensors.
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1. INTRODUCTION

The detection of hydrogen peroxide is an important task in many areas including food industry,
pharmaceutical and environmental analyses[1-2]. Several analytical methods on the basis of
fluorescence, chemiluminescence or electrochemical processes have been developed for the detection
of H,0,[3-8]. Electrochemical detection of H,O, has attracted a great deal of attention for its low
detection limit as well as low costs[9-11], where biomolecules such as peroxidase enzymes and
proteins have been used to modify the electrode in order to achieve a great selectivity and
sensitivity[12-13]. Such a procedure unfortunately leads to limited lifetime and stability problem of the
sensor, needless to say that the preparation of the sensor was also complicated by the involvement of
biomolecules. To overcome the above shortcoming encountered in the electro-biochemical detection,
enzyme-free H,O, sensors have been actively pursued through using noble metals nanoparticles, metal
oxides or conductive polymers to construct the working electrode[14-22]. For example, Pt
nanoparticles have been employed as an anode, showing excellent performance in catalyzing the
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reaction process of H,0,[23-29]. However, further improving the selectivity and sensitivity of the
enzyme-free Pt-based sensors remains to be a challenge.

Nanomaterials provide a large number of active sites for surface reactions, however their
chemical hand physical properties are greatly affected by the size and morphology. It has been
reported that the assembly of different sized nanoparticles may results in very different surface
wettability[30-32]. While the importance of surface wettability has been well recognized in
heterogeneous chemical reactions, it has been largely ignored in the fabrication of electrochemical
sensors. To shed light on this subject, in the present work we used an electrochemical approach to
generate Pt nanoparticles on a clean indium tin oxide (ITO) glass substrate. The electrochemical
deposition method is of simple operation, environmentally benign and easy to control, readily
producing Pt films with a wide range of surface wettability (i.e., from hydrophobic to nearly
superhydrophobic). The method complements the reported synthesis of Pt nanoparticles, which often
involved complicated preparation processes and costly materials[33-36]. Electrochemical
measurements illustrate that surface wettability has significant effect on the selectivity and sensitivity
in detecting H,O,. Using chronoamperometry method the low detection limit of H,O, in a phosphate
buffer solution was found to be around 12.8 nM (S/N = 3), which is significantly better than those
achieved with a regular Pt electrode.

2. EXPERIMENTAL

2.1. Materials and apparatus

H.0, (30%), H,PtClg, and H,SO,4 (95-98%) were purchased from Alfa Aesar. Indium tin oxide
(ITO) (1.0 x 2.0 cm?) glass was purchased from Laibao Electrical Company (Shenzhen, China). Fresh
H.0, solution was prepared daily. Phosphate buffer solution (PBS, 0.1 M pH 7.0) was prepared by
mixing standard solutions of Na,HPO, and NaH,PQO,. Deionized water was prepared with a Milli-Q
system (Millipore, USA). Scanning electron microscopy (SEM) was carried out with a Nova
NanoSEM 200 (FEI, Inc.). Transmission electron microscopy (TEM) was performed with a Hitachi
model H-800 transmission electron microscope. Electrochemical measurements were performed at
room temperature with a CHI660C electrochemical workstation (Shanghai Chenhua Instrumental Co.,
Ltd., China), where the counter and the reference electrodes were platinum wire and a saturated
Ag/AgCI electrode, respectively. The Pt coated ITO electrodes were used as the working electrode.
Before the measurements, the solution was deaerated with pure nitrogen gas for 3 minutes.

2.2. Preparation of Pt electrodes

Before the electrodeposition, the ITO substrate was ultrasonicated sequentially in acetone,
ethanol and deionized water for 15 min each. The electrochemical reduction was conducted in a
solution containing 0.18 mM H,PtCls and 0.25 M H,SO, at an applied potential of —0.2 V vs Ag/AgCl
electrode. By controlling the deposition time a series of Pt films were obtained. The surface wettability
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of those Pt films was measured with a SL200B instrument (Solon Tech, Shanghai, China), where the
water contact angle was measured at four different spots of each surface and an average value was
reported. The effective surface areas (ESA) of the Pt layer was determined using the method and
parameters reported in literature[37].

3. RESULTS AND DISCUSSION

Fig. 1 presents the SEM images of 4 Pt films prepared with a deposition time of (a) 100 s, (b)
400 s, (c) 600 s and (d) 800 s. These images illustrate that the Pt films are made up by many
nanoparticles and the morphology of those nanoparticles are different at different deposition times.
The ITO substrate appears to be only partially covered by Pt deposits, however carefully examination
indicates that the ITO glass is fully covered by Pt products for a deposition time less than 100 s. The
inset in Fig. 1a illustrates that this Pt film has a water contact angle of 24.0 + 1.2° (i.e., it is a
hydrophilic surface). As the deposition time was increased to 400 s, these nanoparticles grew into
different shapes, resulting in an increase of the water contact angle to 51.0 £ 0.9°. In other words, the
wettability of the surface has decreased as a result of prolonging the reaction time. Further increasing
the electrochemical reduction time to 600 s, the surface of those nanoparticles in Fig. 1c became
rougher, leading to further increase of the contact angle to 80.0 £ 0.5°. When the Pt deposition time
was increased to 800 s in Fig. 1d, the inset shows that the average contact angle of the Pt layer has
increased to 104.0 + 0.4°, turning into a hydrophobic surface as a result of merely varying the
deposition time.

Figure 1. SEM images of the Pt films prepared with a deposition time of (a) 100 s, (b) 400 s, (c) 600 s
and (d) 800 s. The electrolyte consists of 0.18 mM H,PtCls and 0.25 M H,SQO, electrolyte. The
insets show the measured contact angles: (a) 24.0+1.2°, (b) 51.0+0.9°, (c) 80.0£0.5°, and (d)
104.0+0.4°.
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Electrochemical performance of the above 4 Pt electrodes was tested in a PBS solution
containing 0.08 mM H,0,. As shown in Fig. 2(a), different behaviors are observed at the four Pt
electrodes. Due to the sluggish oxidation of H,O; at Pt electrode, the anodic peak is not obvious on the
forward scan. However, the cathodic peaks on the reverse scan could be identified easily. Importantly,
as the wettability of Pt film decreased, the peak current also decreased accordingly, where the Pt
electrode having the largest water contact angle yielded the lowest peak. To further confirm the above
observation that the surface wettability may play a rather important role in the electrochemical
detection of H,O,, amperometric responses of the above four Pt electrodes to the addition of H,0,
were tested in Fig. 2(b). These experiments were conducted under constant stirring at an applied
potential of 0.32 V. Results in Fig. 2(b) show that all four Pt@I1TO electrodes responded quickly to the
change of H,O, concentration, reaching a steady-state signal within 2 s. The response current
decreased with respect to the surface wettability and the largest response was achieved with the Pt
electrode having the strongest hydrophilic surface.
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Figure 2. (a) CVs of Pt electrodes in H,O, solution, (b) amperometric responses of the Pt electrodes to
the successive injection of H,O, into a PBS solution. Surface wettability of the four Pt
electrodes used is (a) 24.0+1.2°, (b) 51.0+0.9°, (c) 80.0+£0.5°, and (d) 104.0+0.4°. The
scan rate in (a) was 50 mVs * and the applied potential was 0.32 in (b).

The above experiments clearly demonstrate that tuning the surface wettability can improve Pt
performance. Along this direction, a new Pt electrode with even higher surface wettability was
fabricated by using different deposition conditions (0.10 mM H,PtClgs + 0.25 M H,SO, electrolyte for a
deposition of 300 s at an applied potential of -0.2 V). SEM image in Fig. 3a shows the morphology of
the Pt film, where a large number of nanoparticles with a size of around 50 nm are scattered evenly on
the surface. Different from the microstructures seen in Fig. 1a, here the surface of these nanoparticles
appears to be smooth, which is likely responsible for the increase of the surface wettability (see the
inset for the measurement of the water contact angle 14.0 + 1.3°). The EDX measurements in Fig. 3d
indicate that those Pt particles are pure, in which the copper and carbon peaks in the spectrum arise
from the substrate used to prepare the specimen. According to the HRTEM in Fig. 3b, these pure Pt
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crystals preferably grew along {111} direction. The selected area electron diffraction analysis in Fig.
3c demonstrates that these Pt nanoparticles are polycrystalline.
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Figure 3. (a) SEM image, (b) HRTEM image, (c) selected area electron diffraction (SAED), (d) EDX
of Pt deposit on an ITO substrate, Here the deposition tool place in 0.10 mM H,PtCls + 0.25 M
H,SO, electrolyte for 300 s at an applied potential of - 0.2 V. The inset in (a) is the
measurement of the surface wettability.

Amperometric response of the above hydrophilic Pt electrode to the addition of H,O, was
characterized in Fig. 4(a), which shows that the Pt@ITO electrode responds quickly to the change of
H.O, concentration, reaching a steady-state signal within 2 s. The corresponding calibration curve is
shown in Fig. 4(b), which indicates that the Pt sensor has two linear response windows with respect to
H.0O, concentration and appears to be more sensitive within the low H,O, concentration range. The
sensitivities (i.e., slopes of the calibration line) within the low concentration range is 122.6 pA mM *
cm 2 with a linear correlation coefficient of 0.998. For this hydrophilic Pt sensor, the low detection
limit is calculated to be 12.8 nM using S/N = 3, which is significantly better than that achieved with
earlier Pt-based nonenzymatic H,O; sensors[24-30].
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Figure 4. (a) amperometric responses of the Pt electrode to the successive injection of H,O, into a
PBS solution, and (b) a calibration curve of the response current versus H,O, concentration.
The water contact angle of this Pt electrode is 14.0+1.3°.

The selectivity of the above Pt sensor was evaluated with ascorbic acid (AA) and ethanol.
When 0.01 mM of H,0,, 0.1 mM AA or CH3CH,OH was injected into the PBS solution, significantly
different response currents were observed as shown in Fig. 5. This suggests that these species have no
obvious interference on the electro-oxidation of H,O,.
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Figure 5. Response currents to the addition of 0.01 mM H,0,, 0.1 mMAA, or 0.1 mM ethanol. The
water contact angle of this Pt electrode is 14.0+1.3°, and the applied potential is 0.32 V.

The comparing with several previous reports reported in the literature and shown in Table 1 in
terms of applied potential, linear range, sensitivity and detection limit. As can be seen, the fabricated
H202sensor herein had comparative or even better advantages in lower detection limit than reported of
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PDDA/t-GO-Pt/GCE (0.65 uM)[24], Pt (0.20 uM) [25], Pt-SnO,@C (0.10 uM) [26], Pt (0.010 uM)
[32], Pt-Cu@PSi-CILE (0.10 uM) [39], Pt@AU/EDA (0.18 uM) [42] et al., which is an attractive
feature for the determination of H,O, at low concentrations. These could be attributed to the stronger
hydrophilic surface property. Therefore, it is clear that the proposed hydrophilic surface Pt sensor
exhibits a better performance than many other H20:sensor .

Table 1. Performance of various nonenzymatic H,O, electrochemical sensors.

Catalyst Detection Linear range Sensitivity Detection limit References
composition potential (V) (uM) (LA-mM *-.cm ) (uM)
PDDA/t-GO- 353.86
SHUGOE -0.1(Ag/AgCl) 0.001-5 0.65 [24]
PDDAVt-
MWCNT- -0.1(Ag/AgCI) 0.001-8 481.25 0.27 [24]
Pt/GCE
Pt -0.08(Ag/AgCl) 0.5-3475 459.00£3 0.20 [25]
Pt_Sn0,@C 0.5(Ag/AgCl) 1-170 241.10 0.10 [26]
GN-Pt -0.2(Ag/AgCl) 2-710 - 0.50 [27]
Pd7oPtso 0.0(Ag/AgCl) 0-500 102.00 - [28]
Se/Pt 0.0 (SCE)) 10-15000 - 3.10 [29]
Pt_Pd -0.4(Ag/AgCl) 5-6000 804.00 0.87 [30]
NIFCHICSIPUN- | 0.0(scE) 2-2900 3530 1.00 [31]
Pt -0.05(Ag/AgCl) 0.1-25 1410 0.01 [32]
Pt /porous
graphene -0.1(Ag/AgCl) 1-1477 341.14 0.50 [33]
Pt@UiO-66
@ui 0.85(Hg/HgO) 5-14750 75.33 3.06 [34]
RGO/CS/Fe/Pt | -0.05(SCE) 0.02-3 : 0.02 [35]
' 6-10000 '
P-CNFs ~0.1 (Ag/AQCI) |  10-1000 147.8 0.000195 [36]
Fe@Pt/C -0.55(SCE) 2.5-41605 218.97 0.75 [37]
P core PINDS | 0.018(ag/agel) | 5-500 627.753 0.027 [38]
Pt-
cuapsiciLg | 02(AUAIC) | 051280 - 0.10 [39]
Pt-MnO,@C | 0.35(Ag/AgCl) 2-4000 122.99 0.70 [40]
9-1860 1447
Au@C@Pt 0.0(AGAYCY) | 1ac0 7110 80 1 0.136 [41]
Pt@AWEDA | 0.08(Ag/AgCl) 1-450 - 0.18 [42]
PUCNF 0.0(Ag/AgCl) 1-800 - 0.6 [43]
PtNps/GCNF 0.3(Ag/AgCl) 10-2000 41.3+0.546 6.9 [44]
Pt films -0.2(Ag/AgCl) 0.04-0.5 1226 0.0128 This work
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4. CONCLUSION

Using a simple electrochemical method, nonenzymatic H,O, sensors consisting of Pt
nanoparticles were fabricated. Comparing with existing Pt-based H,O, sensors, this new platform
exhibits greatly improved sensitivity and a low detection limit. Equally significant, this study
demonstrates that Pt nanoparticles with a stronger hydrophilic surface property have a larger
electrocatalytic response to H,O,, offering a new direction to further improve the sensitivity of
electrochemical sensors. Because of the simplicity of the preparation method, the as-prepared Pt
electrodes are expected to find important applications in different fields such as electrode materials,
fuel cells, and catalysts.
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