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Abstract

The atmospheric microplasma in gas-liquid phase technique serves as a new potential efficient
and green catalyst preparation technique to fabricate nanomaterials. Due to the presence of
diverse reactive species, this technique can promote rapid complex reactions in solutions, which
are typically sluggish in traditional chemical processes. Here, atmospheric microplasma induced
liquid chemistry (AMILC) is applied to fabricate three-dimensional (3D) binary Pt3Co
nanoflowers. Nano-architectures of Pt3Co bimetals (2D nanosheets and 3D nanoflowers) can be
formed by tuning the initial cobalt molar concentration in the solution. 3D nanoflowers show a
“nano-bouquet” like nanostructure with Co-oxide forming leaves and Pt3Co forming waxberries.
3D nanoflowers show promising electrocatalytic behavior towards ethanol and glucose sensing
in alkaline condition. Additionally, AMILC takes less synthesis duration (~10 min) without
hazardous chemicals for Pt3Co bimetal nanostructure preparation compared to conventional
chemical approaches (>2 h), indicating that AMILC is a potential candidate with better energy
efficiency, lower carbon footprint and green plasma chemistry process for 3D nanostructure
material synthesis in catalyst applications.
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1. Introduction
Bimetallic nanoparticles are of great interest due to their wide applications in catalysis [1-3],
sensors [4], optics [5], electronics [6], biomedicine [7], magnetics [8], etc. To date, bimetallic
catalysts are typically prepared by electrodeposition [9], thermal deposition [10], self-assembly
approach [11], and galvanic replacement reaction [12]. However, these techniques are inevitably
time-consuming with the introduction of environmentally hazardous species (such as oleic acid,
ammonia, etc.). Moreover, traditional thermal methods usually induce sintering and encounter
challenges in handling heat-sensitive substrates [13; 14], such as soft materials, ultrahighsurface-area carbon, nanosized porous polymer and covalent organic framework. Hence, novel
techniques,

including plasma [15; 16], microwave heating [17], ultrasonic treatment [18],

pyrolysis of ionic liquids [19], electrospinning [20] and bioreductive approach [21], have been
developed. Among these innovative strategies, non-thermal plasma has received considerable
interest due to its promising potential in green catalyst preparation.
Non-thermal plasma contains reactive species involving electrons, ions, radicals, photons, and
excited molecules. The electron temperature of the plasma can reach thousands of degrees
(105~106 K), but its ion (or gas) temperature remains low, typically around room temperature
(298.15 K). Such reactive electronic states in non-thermal plasma enables rapid fabrication even
in mild condition. Additionally, high reactivity at the plasma-substrate interfaces at low
temperatures results in controllable reaction, leading to preservation of bulk material as well as
distinct nano-structural morphologies. For instance, both FeCuSi-C [22] and NiPt/MgAlO [23]
catalyst prepared by plasma-assisted processes exhibited higher dispersion and smaller particle
size distribution. The high dispersion led to more active components exposed on the surface. As
a result, these catalysts exhibited higher activity, improved selectivity and better stability than
those synthesized by conventional methods [22; 23]. Bimetals like Ag/Au colloidal nanoparticles
[24], Au-Pd nanoparticles [25] and PtPd core-shell structure with Pt as the shell [26] have also
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been mostly prepared by glow discharge plasma. However, there are very few reports on alloy
fabrication by atmospheric microplasma (AMP).
AMP refers to electrical discharges, carried out at atmospheric pressure, where at least one of the
dimensions of the plasma is of sub-millimeter length scale [27]. Compared to other plasmas,
AMP shows advantages of low cost, negligible thermal effects and high electron density due to
the absence of a vacuum chamber and a micro-plasma tube. It has been reported that 0D, 1D and
2D nanostructured metal and metal oxide materials can be successfully synthesized via such
strategies [28-30]. To date, there is only a few reports on the fabrication of 3D catalytic
nanostructures by AMP. Well-controlled 3D Pt nanostructures (e.g. dendrites and nanoflowers)
are reported to be particularly interesting due to their high electrochemically active surface area
and high catalytic activity [31-34]. 3D nanostructuring also implies less metal, which could
reduce cost, especially for Pt [31; 32]. Here, we report a novel AMILC method for controllably
synthesizing 2D and 3D binary Pt3Co nanoflowers. The catalytic properties of these bimetallic
nanoflowers are also investigated.
2. Experimental Section
The AMP setup is shown in Figure 1. A DC AMP discharge with constant current of 2 mA
(using TREK 615-10, ±10 kV AC/DC generator) was sustained between the hollow stainless
steel anode (of Ø 700 µm bore diameter) and the surface of the aqueous electrolyte contained in
a glass vessel. The tip of the anode was placed 2 mm above the surface of the electrolyte. The
electrolyte was prepared by dissolving 0.002 M chloroplatinic acid hydrate (H2PtCl6·xH2O),
variable molar concentration of cobalt(II) sulfate heptahydrate (CoSO4·7H2O) and 0.5 M sodium
sulfate (Na2SO4) in 40 mL of distilled water. Different concentrations of CoSO4·7H2O (0.4, 0.5,
0.6 and 0.8 M) were investigated. Helium gas at flow rate of 50 sccm was used as the discharge
medium. The experiments were conducted for a fixed AMP discharge duration of 10 min.
Bimetallic Pt-Co nanostructures were formed on the cathodic Si substrate half-inserted in the
aqueous electrolyte at a distance of at least 3 cm from the anodic capillary, as shown in Figure 1.
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Figure 1 Schematic diagram of the atmospheric microplasma-induced liquid chemistry
synthesis method.
All reagents were purchased from Sigma Aldrich Singapore and used as received without further
purification. The Si substrate (1 cm × 2 cm) was cleaned sequentially in acetone, ethanol and
deionized water for 10 min each in an ultrasonic bath before experiment. The morphology and
size of the prepared nanostructures were determined by a JEOL JSM-6700F Field Emission
Scanning Electron Microscope (FESEM) at 5 kV and a JEOL 2100F Transmission Electron
Microscope (TEM). The composition of the nanoflowers was determined by a Oxford Instrument
Energy Dispersive X-ray (EDX) spectroscopy system attached to the FESEM, an EDAX EDX
Detector attached to the TEM, and by X-ray diffraction (Shimadzu XRD-6000). The
crystallization of the nanoflowers was also investigated by XRD and TEM. The XRD was
operated at 40 kV and 30 mA with Cu K radiation and a scan speed of 0.4 º /min.
Electrochemical measurements were performed using an AUTOLAB PGSTAT 302N
electrochemical workstation (Metrohm Pte Ltd, Switzerland). The deposited Pt3Co sample (0.40
cm × 0.75 cm) was used as the working electrode. Ag/AgCl electrode and Pt foil (1.5 cm × 1.5
cm) were used as the reference electrode and the counter electrode, respectively.
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3. Results and discussion
The nanoflowers with average diameter of ~756 nm and average height of ~416 nm in a solution
with optimized 0.6 M CoSO4 were confirmed by the low magnification SEM images in Figure
2(a) and (b). SEM image in Figure 2(c) indicates an average petal thickness of single nanoflower
of ~8 nm. The TEM image in Figure 2(d) shows nanoflowers that look like a string of nanowaxberries, with Co-oxides forming the nano-leaves and Pt3Co forming the nano-waxberries. All
these compositions are confirmed by TEM EDX results in Figure 3 and XRD in Figure 4(a). The
nano-waxberries have an average diameter of 128 ± 25 nm. The high magnification image of a
single “nano-waxberry” (Figure 2(e)) shows that the nano-waxberry consists of nanoparticles
with diameter less than 10 nm.

Figure 2 Morphology of nanoflowers: (a) low magnification SEM image of nanoflowers with
average diameter of ~760 nm; (b) Cross-sectional SEM image of nanoflowers with an average
height of ~416 nm; (c) high magnification SEM image of a single nanoflower; (d) low
magnification TEM image of nanoflowers, which looks like a string of waxberry (inset); (e)
high magnification TEM image of a single “nano-waxberry”.
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The composition of nanoflowers was investigated by both EDX results of FESEM and TEM as
shown in Figure 3(a-c) and confirmed by XRD and TEM FFT (Figure 4). Figure 3(a1-a3) are the
EDX results of nanoflowers in FESEM image (Figure 3(a)). The nanoflowers mainly consist of
Pt and Co with an average atomic percentage of 27.8 and 12.1, respectively, which means that
the atomic ratio of Pt:Co is 2.3:1 (Figure S1). Figure 3(b1-b3) show the EDX results of the “string
of waxberries” in TEM images (Figure 2(d) and Figure 3(b)). The nano-waxberries are mainly
composited of Pt and Co, while the nano-leaves are formed by both Co and O. The total atomic
percentage of Pt, Co and O is 8.8, 11.5 and 19.0, respectively (Figure S2). Assuming the atomic
ratio of Pt:Co obeys 2.3:1 as shown in Figure 3(a1) and (a2), the atomic ratio of the rest Co to O
(Co:O) is 1:2.5. The EDX result (Figure 3(c1-c3)) of the quarter part of a nano-waxberry further

Figure 3 Composition of nanoflowers evidenced by (a) FESEM EDX results and (b-c) TEM
EDX results: (a) morphology of nanoflowers for elemental mapping in FESEM, (a1-a3) elemental
mapping of (a1) Pt, (a2) Co and (a3) O; (b) low magnification morphology of nanoflowers for
elemental mapping in TEM, (b1-b3) elemental mapping of (b1) Pt, (b2) Co and (b3) O; (c) high
magnification morphology of the quarter part of a “nano-waxberry” for elemental mapping in
TEM, (c1-c3) elemental mapping of (c1) Pt, (c2) Co and (c3) O.
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reveals that the nano-waxberry mainly consists of Pt and Co, with atomic percentage of 20.4 and
8.8, respectively (Figure S3). The atomic ratio of Pt:Co is 2.3:1, which coincides with that of the
EDX results from FESEM in Figure 3(a1-a3). Hence, both the EDX results from FESEM and
TEM suggest that the nanoflowers are composed of cobalt-platinum alloy with a composition of
Pt2.3Co. However, there could be impurities of cobalt oxides in the nanoflowers, as shown in the
XRD diffraction pattern (Figure 4(a)).
Figure 4 shows the XRD pattern, TEM images and the related FFT pattern of the as-deposited
nanoflower sample. The XRD pattern of the nanoflower sample (Figure 4(a)) matches well with
the standard diffraction pattern of cubic Pt3Co (PDF #00-029-0499), confirming the composition
of Pt3Co for nanoflowers. The diffraction peaks at 2θ values of ~121° and ~127° matches well
with (331) and (420) facets respectively, indicating the face centered cubic (FCC) Pt3Co (PDF
#00-029-0499). There are also two impurity peaks at 2θ values of ~27° and ~34°, which might
be assigned to the diffraction peak of Co2O3 at 28° (PDF #00-002-0770) and the diffraction peak
of CoO at 34° (PDF #00-042-1300), respectively. However, only one peak matches with each
standard data. Considering both the XRD and EDX results, it can be confirmed that the
impurities are cobalt oxides. The composition of Pt3Co for the nanoflower samples is further
confirmed by FFT pattern in Figure 4(c). The FFT pattern shows the polycrystalline nature of the
Pt3Co nanoparticles, which coincides with the XRD result shown in Figure 4(a). The FFT pattern
matches with FCT Pt3Co ICSD-107048 data using JEMS@JEOL, the structure of which is
assigned to the PDF number #00-029-0499 (experimental powder diffraction data). Coincidently,
this standard PDF number is the same as the matched PDF number of the XRD diffraction
pattern in Figure 4(a). It shows the formation of family of crystal planes corresponding to (111),
(200), (220), (311), (222) and (331), all of which are also detected in the XRD pattern in Figure
4(a).

7

Figure 4 Crystallization of nanoflowers by (a) XRD and (b) TEM: (a) XRD patterns of the
nanoflower sample matching with standard data of Pt3Co; (b) High resolution TEM images of
Pt3Co nanoparticles from the nanoflower sample; (c) Fast Fourier Transform (FFT) pattern for
Pt3Co nanoparticle shown in (b).
The reason for the growth of 3D Pt3Co nanoflowers at 0.6 M CoSO4 can be understood from
Figure 5 and Figure 6. The lower CoSO4 concentration of 0.4 and 0.5 M results in porous
ultrathin and thicker nanosheets, respectively. The increase in Co-precursor concentration from
0.4 to 0.5 M leads to greater thickness of 2D nanosheets but the concentration is insufficient to
result in 3D nanostructures. At 0.6 M CoSO4 concentration there is substantial amount of Co that
allows the growth of 3D nanoparticle agglomerate (called nanoseeds), shown in Figure 6(a), as
opposed to nanosheets. The formation of nanoseeds is the precondition for 3D nanoflower
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formation. This is evident from the growth sequences of nanoflowers shown in Figure 6(a-d),
which shows different stages of nanoflower formation observed by carefully scanning different
parts of the 3D nanoflower sample. Some nanoparticle nucleation on the 0.6 M CoSO4 sample
might have started at later time instants. Hence, we can observe different stages of nanoflower
formation on the same sample surface, which helps us determine the nanoflower formation
mechanism. Once the higher concentration of Co elements (in 0.6 M CoSO4) allows formation of
3D nanoseeds (Figure 6(a), showing spherical agglomeration of numerous nanoparticles),
nanopetals start to grow from their surface (Figure 6(b)). This is followed by anisotropic growth
of nanopetals (Figure 6(c)) to full growth of nanoflowers (Figure 6(d)) within 10 min AMP
discharge duration. Further increase in CoSO4 concentration to 0.8 M results in thicker rice-like
nanorods (Figure 5(d)) rather than nanoflowers.

Figure 5 Variety of fabricated nanostructures using atmospheric microplasma (AMP) induced
liquid chemistry method with increasing initial molar concentration of CoSO4 solvent: (a) thin
nanosheets with 0.4 M CoSO4, (b) thick anisotropic nanosheets with 0.5 M CoSO4, (c)
nanoflowers with 0.6 M CoSO4 and (d) rice-like nanorods with 0.8 M CoSO4.
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The growth stages of the nanoflowers are further confirmed via increasing plasma discharge
duration from 2 to 10 min (0.6 M CoSO4) in Figure 6(e-g). At 2 min plasma discharge (Figure
6(e)), small nanoseeds (average diameter 74 ± 35 nm in Figure S4) are formed by agglomeration
of nanoparticles (<10 nm). With an increase of plasma discharge duration to 5 min (Figure 6(f)),
more nanoparticles agglomerate to form larger nanoseeds (average diameter 130 ± 65 nm in
Figure S4), providing the foundation for nanopetal growth. Some isolated nanopetals start to
grow on nanoseeds by the end of 5 min AMP discharge. With an increase of plasma discharge
duration to 10 min (Figure 6(g)), nanopetals grow anisotropically and finally form nanoflowers.
The average size at this stage is 284 ± 145 nm (Figure S4). Longer plasma discharge duration
leads to enhanced 3D agglomeration of nanoparticles, followed by the growth of nanopetals and
nanoflowers. Hence, it can be concluded that the formation of nanoflowers starts from the
formation of 3D nanoseeds due to 3D agglomeration of nanoparticles, which happens at the
optimum Co-precursor concentration of 0.6 M; followed by growth of nanopetals on those
nanoseeds and completed by the growth of nanoflowers due to anisotropic growth of nanopetals

Figure 6 The growth stages of 3D nanoflowers (a-d) at different part on the nanoflower sample
with 0.6 M CoSO4 concentration, (a) nanoseeds formed by three-dimensional agglomeration of
nanoparticles, (b) nanopetals growing on nanoseeds, (c) anisotropic growth of nanopetals, and
(d) full growth of nanoflowers; as well as (e-g) with the increasing plasma discharge duration
from (e) 2 min, (f) 5 min to (g) 10 min, inlets show their respective high magnification images.
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(with optimum plasma discharge duration of ~10 min).
The comparison of in-plane and out-of-plane magnetic properties for both nanosheet and
nanoflower samples (0.4 M CoSO4 and 0.6 M CoSO4 samples, respectively) is shown in Figure 7.
The coercivities of all samples are less than 800 G even after thermal annealing (600°C 1 h),
indicating that both nanosheet and nanoflower samples are relatively soft for usage in data
storage applications, which is one of the common applications for Pt-Co bimetallic
nanomaterials.

Figure 7 Both in-plane and out-of-plane magnetic properties of nanosheets (0.4 M CoSO4) and
nanoflowers (0.6 M CoSO4): (a) as-deposited samples, and (b) after 600°C thermal annealing
for 1 h.
The larger surface area of 3D nanoflowers than 2D nanosheets, proved by the smaller water
contact angle of nanoflowers (43°) than that of nanosheets (69°) (Figure S5), suggests potential
applications in electrochemical catalysis. We have earlier reported in our previous work [35] that
the larger surface area leads to better electrochemical activities for nanoflower samples than
nanosheet samples in N2-saturated 0.5 M H2SO4 with 1 M methanol. An approximate
electrochemically active surface area (ECSA) of 5.76 cm2·gPt-1 is estimated from the cyclic
voltammogrames (CV) curve of nanoflower (Figure S6, along with detailed explanation)
according to literature [36]. The current density of nanoflower sample (Figure S6) is much
higher than that of nanosheets, indicating the better activity of 3D nanoflower than 2D nanosheet
in acidic environment. Further characterization of electrochemical activities of 3D nanoflowers
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in alkaline (NaOH) solution towards ethanol and glucose sensing has been performed . The
cyclic voltammogrames (CV) curves of Pt3Co nanoflowers (Figure S7) suggests great
electrochemical reactivity for the sample in 0.2 M NaOH solution. The CV curves with scan
range of both 0.05-1.00 V and 0.05-0.80 V presents constant redox peaks, indicating no
difference between the two scan ranges. Hence, the rest of the CV curves were performed in 0.2
M NaOH with maximum scan potential of 0.80 V.
The CV curves of Pt3Co nanoflowers in NaOH solution with either ethanol (Figure 8(a)) or
glucose (Figure 8(b)) indicate that Pt3Co nanoflowers can be useful for electrochemical sensing
of both ethanol and glucose. Figure 8(a) presents the CV curves in the absence and presence of
1.0 M ethanol at a potential sweep rate of 10 mV·s-1. In the absence of ethanol, the large anodic
current density indicates Pt3Co nanoflowers is useful for electrochemical sensing applications
[37]. The oxidation and reduction peaks located at ~0.64 V and ~0.18 V are observed, which
might be assigned to Co3+ oxidation and Co3+ reduction [37; 38], respectively. The constant peak
potentials with 20 scan cycles indicate promising stability of the nanoflower sample. In the
presence of ethanol, the narrow hysteresis between the positive and negative sweeps indicates
decreased adsorbed intermediates on the catalytic surface as the surface might be blocked by
ethanol decomposition [39]. Figure 8(b) shows the CV curves of Pt3Co nanoflowers in 0.2 M
NaOH solution with and without 4 mM glucose at a scan rate of 10 mV·s-1. In the absence of
glucose, the reduction peak located at ~0.2 V at the first cycle might be assigned to Co3+
reduction [37; 38]. It shifts negatively and becomes constant with increased scan cycles. Upon
addition of 4 mM glucose, a large enhancement of the anodic peak current density indicates the
efficiency of Pt3Co nanoflowers for electro-oxidation of glucose [38].
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Figure 8 Cyclic Voltammograms of Pt3Co nanoflowers in 0.2 M NaOH (a) in the absence of
ethanol (black dash line) and in the presence of 1.0 M ethanol (red solid lines); and (b) in the
absence of glucose (black dash line) and in the presence of 4 mM glucose (red solid line);
Scan rate: 10 mV·s-1.
4. Conclusions
In summary, 3D nanoflowers have been successfully prepared by AMILC with short fabrication
duration of 10 min. The nanoflowers look like “a string of nano-waxberries” with Co-oxides
forming the nano-leaves and Pt3Co forming the nano-waxberries. The nano-architectures can be
tuned from 2D nanosheets to 3D nanoflowers and again to 2D nanorods by controlling the molar
concentration of Co-based precursor. The nanoflowers were formed only at the concentration of
0.6 M CoSO4·7H2O. The magnetic properties of both the 2D and 3D samples are soft with
coercivities less than 800 G from the data storage application point of view. Moreover, the
catalytic properties of 3D nanoflowers are quite active for electrochemical sensing of methanol
in acidic solution and of ethanol and glucose in alkaline solution. Compared to traditional
fabrication approaches, AMILC method shows advantages of much shorter fabrication duration,
tunability of nano-architecture, simple process and comparable catalytic properties of prepared
samples. This suggests AMP-induced liquid chemistry can be competitive as a potential
innovative method with advantages of better energy efficiency and eco-friendly strategy for 3D
nanostructure synthesis in catalyst applications. Practical applications for a broad range of
catalyst material need to be tested and established.
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S1. FESEM EDX result for nanoflowers
The FESEM EDX result is shown in Figure S1. Five sets of FESEM EDX data, shown in
the inlet table in Figure S1, were applied to calculate the average atomic percentage of
cobalt, platinum and oxygen elements in the nanoflowers, respectively. The average atomic
percentage of Co, Pt and O is 12.1, 27.8 and 60.1, respectively. Hence, the calculated
atomic ratio of Pt:Co is approximately 2.3:1.

Figure S1 The FESEM EDX result for nanoflowers; the inlet table shows 5 sets of atomic
percentage of Co, Pt and O in FESEM EDX data, their average values and the calculated
atomic ratio of Pt:Co.

S2. TEM EDX result for “string of waxberries”
The TEM EDX result of “string of waxberries” is shown in Figure S2. The atomic
percentage of Co, Pt and O is 11.5, 8.8 and 19.0, respectively. The appearance of Cu and
C in the results are due to the copper coated carbon grid used for TEM sample preparation.

Figure S2 The TEM EDX result for “string of waxberries”; the inlet table shows the
atomic percentage of Co, Pt and O elements.

S3. TEM EDX result for the quarter part of a nano-waxberry
The TEM EDX result of the quarter part of a nano-waxberry is shown in Figure S3. The
atomic percentage of Co, Pt and O is 8.8, 20.4 and 8.1, respectively. The atomic ratio of
Pt:Co is around 2.3:1.

Figure S3 The TEM EDX result for the quarter part of a nano-waxberry; the inlet table
shows the atomic percentage of Co, Pt and O elements.

S4. Variation of nanostructure size with increasing plasma discharge
duration
The variation of nanostructure size with increasing plasma discharge duration from 2 min,
5 min to 10 min is shown in Figure S4. The nanostructure size increases with increasing
plasma discharge duration. The average diameter of nanoseeds formed at 2 min plasma
discharge duration is 74 ± 35 nm. When plasma discharge duration increases to 5 min, the
average diameter of nanoseeds increases to 130 ± 65 nm. Further increase of plasma
discharge duration leads to larger nanostructure size of 284 ± 145 nm. The broader size
distribution is due to the coexistence of growing nanoflowers with fully grown nanoflowers,
as shown in Figure 6.

Figure S4 The variation of nanostructure size with increasing plasma discharge duration
from 2 min, 5 min to 10 min.

S5. Comparison of surface area between nanoflowers and nanosheets
The contact angles of nanoflowers and nanosheets are shown in Figure S5. Smaller contact
angle (43°) for nanoflowers than that of nanosheets (69°) indicates the larger surface area
of nanoflowers than that of nanosheets.

Figure S5 The comparison of contact angles between nanoflowers and nanosheets.

S6. Cyclic voltammogrames (CV) of nanoflowers and nanosheets in acidic
solution
Figure S6 shows the CV curves of nanoflowers and nanosheets in N2-saturated 0.5 M
H2SO4 solution at scan rate of 50 mV·s-1. The current density of nanoflowers is much higher
than that of nanosheets, indicating the better activity of 3D nanoflower than 2D nanosheet
in acidic environment. The electrochemically active surface area (ECSA) of nanoflowers
(5.76 cm2·gPt-1) is estimated from the CV curve in Figure S6(a) through the following
equation according to literature [1]:
ECSA(cm 2Pt  g Pt−1 ) =

−2
qPt (C cm electrode
)
−2
−2
(  C cm Pt )  L(g Pt  cm electrode
)

−2
) is obtained from the integrated area of hydrogen
where the charge density qPt (C cmelectrode

adsorption peaks in the CV curves along with the scan rate of 50 mV·s-1, (  C cm −Pt2 ) is the
reference charge density of platinum, normally equaling to 210  C cm −Pt2 , and
−2
L(g Pt  cm electrode
)

−2
) is
is the Pt content or loading in the electrode. In our work, L(g Pt  cm electrode

−2
approximately 9.1×10-4 g Pt  cm electrode
. However, the ECSA of nanosheet sample (0.4 M Co-

precursor) could not be estimated through this method since no hydrogen adsorption and
desorption are observed in its CV curve (Figure S6(b)).

Figure S6 CV curves of (a) nanoflowers (0.6 M CoSO4) and (b) nanosheets (0.4 M
CoSO4) in N2-saturated 0.5 M H2SO4 solution at scan rate of 50 mV·s-1.

S7. CV curves of Pt3Co nanoflowers in NaOH solution with different
molar concentration and different sweep range
Figure S7(a) shows the CV curves of Pt3Co nanoflowers in NaOH solution with different
molar concentration (0.1 and 0.2 M) and in different sweep range (0.05-1.00 V and 0.050.80 V) at a scan rate of 10 mV·s-1. Redox peaks only appears for the CV recorded in 0.2
M NaOH solution, while none redox peaks are shown for 0.1 M NaOH solution (Figure
S7(b)). The current density and redox potentials are constant in 0.2 M NaOH solution with
sweep range of both 0.05-1.00 V and 0.05-0.80 V. Hence, the rest CV in our work are
measured in 0.2 M NaOH with maximum sweep potential of 0.80 V.

Figure S7 CV curves of Pt3Co nanoflowers (a) in NaOH solution with different molar
concentration (0.1 and 0.2 M) and in different sweep range (0.05-1.00 V and 0.05-0.80
V); (b) in 0.1 M NaOH solution.
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