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Nanomagnetic CoPt truncated octahedrons: facile
synthesis, superior electrocatalytic activity and
stability for methanol oxidation

Tianyu Xia"*’
ABSTRACT Nanomagnetic CoPt truncated octahedral
nanoparticles (TONPs) were successfully synthesised

through a facile one-pot strategy. These single crystal CoPt
TONPs with an average size of about 8 nm exhibit excellent
electrocatalytic performance of both activity and stability for
methanol oxidation reaction (MOR). The mass and specific
activities of CoPt TONPs is 8 and 6 times higher than that
of standard commercial Pt/C, respectively. After accelerated
durability test (ADT), the loss of electrochemical surface area
(ECSA) for CoPt TONPs is only 18.5%, which is significantly
less than that of commercial Pt/C (68.2%), indicating that
CoPt TONPs possess much better stability than commercial
Pt/C in the prolonged operation. The Curie temperature of
CoPt TONPs down to 8 nm is as high as 350 K with weak
ferromagntism at room temperature (RT), which is greatly
valuable for recycling in the eletrocatalytic applications.

Keywords: truncated octahedral nanoparticles, methanol oxida-
tion reaction (MOR), accelerated durability test (ADT), ferro-
magntism

INTRODUCTION

The high cost and poor durability of Pt nanoparticles
(NPs) prevent direct methanol fuel cells (DMFCs) from
being scaled-up for commercial applications [1-3]. One
of the most promising strategies is the introduction of
non-precious 3d transition metals to form MPt bimetallic
electrocatalysts (M=Fe, Co, and Ni) [4-7]. These MPt
electrocatalysts with different shapes are proved to be a
potential route for mitigating the cost as well as enhancing
their catalytic performance [8,9]. This enhancement was
attributed to the lattice contraction and downshift of the
d-band center of Pt in the bimetallic structures [10].
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Among various MPt alloys for the electrocatalytic ap-
plication, CoPt bimetallic NPs have gained much atten-
tion because of its higher activity, stability, CO tolerance,
and lower cost than pure Pt catalysts and even other MPt
bimetallic materials (such as NiPt, FePt) [11,12]. For ex-
amples, CoPt networks show high specific activity in both
methanol oxidation reaction (MOR) and formic acid oxi-
dation (FAO) [13]. Dealloyed CoPt hollow nanowires with
ultrathin wall exhibit well-preserved activities after 10,000
cycles [14]. The deposition of mesoporous Pt skin onto Co
nanochains grants them high activity and superior CO tol-
erance in the MOR together with only a 20.2% loss of the
Pt electrochemical surface area (ECSA) after a harsh dura-
bility test [15].

Apart from elemental composition, the size and shape
also play an effective role in the electrocatalytic perfor-
mance [16,17]. The catalyst surface with a nano-segregated
Pt (111) skin structure was used to account vitally for the
dramatic enhancement [18,19]. Due to the close-packed
arrangement of surface atoms, octahedral and truncated
octahedral MPt NPs equipped with index facets of {111}
are stable in electrochemical conditions [19]. Therefore,
CoPt NPs with the structure of octahedron or truncated
octahedron have great possibility to exhibit excellent elec-
trocatalytic activity and stability.

It has been well known that magnetic CoPt materials
including CoPt NPs and thin films have a broad range
of applications in recording media [20,21] and magnetic
sensor [22]. Therefore, CoPt NPs are a good candidate to
investigate the relationship between the magnetism and
catalysis. Due to their intrinsic magnetic properties, the
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addition of magnetic element provides an easy and quick
way to recycle catalysts. For recycling, the synthesised ma-
terials should show ferromagnetism at room temperature
(RT). The structure, size, shape together with composition
of magnetic NPs dominate magnetic transition temper-
ature [23]. For example, in our previous work [24], the
Curie temperature of hollow FePt nanochains is 200 K for
the size of 300 nm and is increased to higher than 390 K
for 20 nm nanochains. The results from Sun’s group [25]
show that the superparamagnetic blocking temperature
of 9.5 nm CoPt NPs increases from 105 to 205 K with
increasing Co content from 37% to 69%, indicating the
superparamagnetism for CoPt NPs at RT. Obviously, the
Curie temperature of the designed CoPt NPs for electro-
catalyst should be well manipulated for recycling after
electrocatalytic reaction. That is to say, it is better for CoPt
NPs to show ferromagnetism at RT.

In this work, a facile one-pot approach has been devel-
oped to synthesize CoPt truncated octahedral nanoparti-
cles (TONPs) with near-monodispersity. The morpholo-
gies, crystalline phase, chemical states and compositions of
CoPt TONPs were analysed. The electrocatalytic perfor-
mances were investigated by cyclic voltammetry (CV) and
linear sweep voltammetry (LSV). Remarkably, the mass ac-
tivity of CoPt TONPs is greatly enhanced due to better
tolerance to the intermediate poisoning species, where it
reaches 2.4 A mg,, but only 0.3 A mg, for standard com-
mercial Pt/C catalysts for MOR. Furthermore, the magnetic
properties were studied by a superconducting quantum in-
terference device (SQUID) and super high resolution elec-
tron spin resonance (ESR), where the ferromagnetism at RT
was confirmed.

EXPERIMENTAL SECTION

Chemicals and materials

Cobalt(III) [Co(acac)s], platinum(II)
acetylacetonate [Pt(acac),], commercial Pt/C (40 wt.% Pt)
catalyst were purchased from Alfa Aesar. Dimethylfor-
mamid (DMEF), poly(vinylpyrrolidone) (PVP) (K-30, AR),
methanol (CH;OH), sulfuric acid (H,SOs4), anhydrous
ethanol and acetone were purchased from Chinese reagent
All reagents were analytic grade and used
without further purification.

acetylacetonate

companies.

Synthesis of CoPt TONPs

In a typical synthesis, 20 mg Co(acac)s, 28 mg Pt(acac),
and 70 mg PVP were dissolved in 20 mL DMF. After ul-
trasonication for 30 min, the resultant homogeneous solu-
tion was transferred to a 25-mL Teflon-lined stainless-steel
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autoclave. The sealed vessel was then heated to 180°C and
maintained for 12 h before it was cooled to RT. The black
NPs were collected by centrifugation, and further cleaned
by anhydrous ethanol and acetone several times.

Characterization

The structure was characterized by a JEOL-2100F trans-
mission electron microscope (TEM). TEM samples were
prepared by dispersing the as-synthesised powders in
ethanol with ultrasonic treatment, and then a solution
was dropped on a Cu grid coated with porous carbon
film. X-ray diffraction (XRD) patterns were detected
using Rigaku D/max-2400 X-ray diffractometer with a
Cu Ka X-ray sources (1=0.15405 nm). The chemical
compositions of the products were characterized via a
Hitachi S-4800 scanning electron microscope (SEM)
with an energy dispersive X-ray spectroscope (EDS),
and PerkinElmer Optima 7000DV inductively coupled
plasma optical emission spectrometer (ICP-OES). X-ray
photoelectron spectroscopy (XPS) was performed on an
ESCALAB 250Xi system.

Electrochemical measurements

The electrochemical measurements were conducted on a
CH Instruments 660D electrochemical workstation at RT
with a three electrode configuration. The working elec-
trode was a glassy carbon electrode (the geometric area was
0.071 cm?). The counter electrode and reference electrode
was Pt wire and saturated calomel electrode (SCE), respec-
tively.

To prepare the working electrode, 6 mg CoPt TONPs
and 9 mg Vulcan XC-72 carbon were dissolved in 4 mL
ethanol and ultrasonicated for 30 min. Then 5 pL of the
suspension and 5 pL of 0.1% nafion solution, in turn, were
dropped onto the working electrode surface and naturally
dried in air. To compare the catalytic behavior, samples in-
cluding other CoPt NPs and commercial Pt/C (not mixed
with Vulcan XC-72 carbon) were prepared following the
same process as CoPt TONPs.

Magnetic measurements

The magnetic properties of CoPt TONPs were measured
via a SQUID magnetometer. Zero-field-cooled (ZFC) and
field-cooled (FC) processes were carried out with an ap-
plied field of 100 Oe (1 Oe=0.012566 A m™). ESR mea-
surement was carried out from 80 to 320 K using an ESR
spectrometer (JEOL ESR FA-200) at X-band (9 GHz).

RESULTS AND DISSCUSSION

The morphologies of the as-prepared products were char-
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acterized by TEM. As shown in Fig. la, the particles have
truncated octahedral profile with an average size of about
8 nm. A narrow size distribution is shown by the inset in
Fig. la. High-resolution TEM (HRTEM) image is shown
in Fig. 1b, where d-spacing of the lattice is determined to
be 2.11 and 1.85 A, respectively. Those values are in good
agreement with the (111) and (200) planes of the face-cen-
tered cubic (fcc) CoPt; alloy, respectively. Some steps can
be clearly observed, where one step is marked by a blue ar-
row at the edge as an example. The lattice fringes of the
whole particle are coherent, implying a single-crystal struc-
ture of the products. The selected-area electron diffraction
pattern (SAED, shown in Fig. 1c) shows concentric rings
with the index of (111), (200), (220), (311) and (222) planes,
belonging to a typical fcc structure, in good agreement with
the HRTEM image.

The powder XRD data of the TONPs are presented in Fig.
2a. It exhibits a typical pattern of an fcc structure. Peaks lo-
cated at 40.5°, 47.1° and 68.8° can be ascribed to the corre-
sponding (111), (200) and (220) planes, respectively, of an
typical CoPt; fcc structure. In addition, no impurity peaks
or mono-component Co and Pt peaks are found, verifying
the formation of CoPt binary alloy. Fig. 2b is an SEM-EDS
result of the sample, showing mainly Al, Si, Co and Pt char-

acteristic peaks. Since the Al and Si come from the sup-
porting Al substrate and Si wafer, it is confirmed that the
product is composed of Co and Pt elements and the Co/Pt
composition is about 1/3, in good agreement with the con-
clusion given by ICP-OES.

XPS analysis was used to characterize the chemical states
of the CoPt TONPs shown in Figs 2c and d. The peaks
located at 777.68 and 793.18 eV originate from metallic Co
2ps;2 and 2pya. Furthermore, two peaks located at 780.93
and 796.73 eV are clearly observed, indicating the presence
of CoO because Co can be easily oxidized under ambient
conditions [26,27]. The existence of shake up peaks of Co
2p is also caused by Co™ 2py.. Similarly, two peaks located
at 70.93 and 74.33 eV shown in Fig. 2d are derived from
Pt 4f;/, and Pt 4fs),, while the corresponding standard value
is 70.9 and 74.25 eV, respectively [28,29]. The two peaks
can be split into two doublets, associated with Pt’ and Pt**
chemical states [30]. The existence of Pt*" is assigned to the
formation of PtO [1,31]. It is noteworthy that the binding
energy of Pt peaks has a higher shift, quite probably owing
to alloying of Co and Pt [32]. The XPS spectra can also be
used to estimate the surface atomic ratio of elements [33],
where the Pt fraction in surface is about 82.6%, higher than
that of in bulk (75%) based on XRD, EDS and ICP. The

Figure 1 (a) Typical bright field TEM image and the corresponding size distribution (inset) of the as-prepared products; (b) HRTEM image and the
corresponding geometric model (inset) of one CoPt NP, where a step is marked by blue arrow; (c) SAED pattern of (a).
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Figure 2 XRD (a) and EDS (b) patterns with 1:3 Co/Pt atomic ratio. High-resolution XPS spectra of Co 2p (c) and Pt 4f (d) in CoPt TONPs.

Pt-rich surface may be closely related with the electrocat-
alytic activity and stability, which will be discussed later in
detail.

As previous work, for a long reaction time (16-42 h),
DMEF may play multiple roles, such as complexing agent,
solvent, and reducing agent [34]. Long-time reaction, how-
ever, will not only waste a great deal of material resources,
but also limit their wide industrial applications. Therefore,
in this study, a short reaction time (such as 12 h) was tried
and the influence of the reaction time on the products was
interrogated. When the reaction time is decreased to 9 h
with other conditions unchanged, the size of the as-pre-
pared particles is smaller than that of normal CoPt TONPs
(Fig. Sla, Supplementary information). With respect to the
morphology, some particles show slightly concave edges
while the others are similar to the CoPt TONPs. As shown
in Fig. S1b, the particles become larger when the reaction
time is extended to 15 h. The 15 h-particles show anoma-
lous spherical structures with irregular boundaries. It is
reasonable to conclude that the reaction time is an essen-
tial factor to control the well-defined truncated octahedral
profile.

To gain further insight into the formation mechanism of
CoPt TONPs, various amount and types of Co and Pt pre-
cursors were applied in the synthesis. As shown in Fig. S2a,
with the increasing quantity of Co precursor, some small
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particles with the size about 2 nm are appeared. This is be-
cause excessive amounts of Co®* are deoxidized into Co by
DME By contrast, with the increase of Pt precursor quan-
tity, some triangular structures are formed due to lack of
deposition of Co atoms (Fig. S2b). Meanwhile, no matter
replacing Co(acac)s; by CoCl,-6H,O or replacing Pt(acac),
by K,PtClg, uniform TONPs structure cannot be obtained
which can be seen by TEM images (Fig. S3). These results
provide direct evidence that the amount and kind of pre-
cursors can control the size and shape of the products.

Generally, NPs exhibit outstanding electrocatalytic per-
formance, but it is easy for them to have aggregation. For
ultrafine magnetic MPt alloys, with the increase of mag-
netism (Co >Fe >Ni) and decrease of NPs size, the issue
of agglomeration becomes more serious. In order to over-
come this disadvantage, it is necessary to develop an effec-
tive method to avoid aggregation. Fortunately, it has been
found that PVP can be used to solve this problem very well
[35]. In the parallel experiments with the absence of PVP,
CoPtaggregated NPs (ANPs) were produced with non-uni-
form size and serious aggregation (Fig. S4), indicating that
PVP served mainly as protecting and a dispersing agent for
the products.

The ECSA is closely associated with the number of avail-
able active sites, where hydrogen adsorption/desorption
peaks are typically used to evaluate the ECSA of catalyst
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[36,37]. For comparison, CoPt TONPs, CoPt ANPs and
commercial Pt/C electrocatalysts were investigated. Fig.
3a shows the CV curves of the above three catalysts in
Ar-saturated 0.5 mol L' H,SO, at a scan rate of 50 mV
s7'. Tt clearly shows that there are two pairs of well-defined
hydrogen adsorption/desorption and metal oxidation/re-
duction peaks. From the hydrogen desorption region of
Fig. 3a, the ECSA of CoPt TONPs is estimated to be 82.2
m?* g}, much larger than that of CoPt ANPs (51.8 m* g™)
and commercial Pt/C (63.1 m? g'), due to the relatively
small size, unique structure and good dispersion. Large
ECSA will enhance the catalytic performance, which is
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very important for the electrochemical activity of catalyst
[38].

The electrocatalytic behaviors of these three samples to-
ward MOR were evaluated by CVs in a mixed solution of
0.5 mol L* H,SO4 and 1 mol L' CH50H at a scan rate of
50 mV s™'. As shown in Fig. 3b, the MOR curves have two
well-separated peaks: the anodic peaks in the forward and
backward scans. During the forward scan, the current den-
sity increases with increasing potential but then decreases
with further increasing of potential, resulting in an obvious
peak at around 0.7 V, which is attributed to the amount of
methanol oxidized at the electrode surface [26,39]. When
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Figure 3 CV curves of CoPt TONPs, ANPs and commercial Pt/C in Ar-saturated 0.5 mol L™ H,SO, (a) and mixed with 1 mol L' CH;OH solution
at a scan rate of 50 mV s~ (b); (c) LSV curves of various electrocatalysts in a mixed solution containing 0.5 mol L™ H,SO4 and 1 mol L' CH;OH with
a low scan rate of 5 mV s™'. Inset: enlarged view of the LSV curves; (d) CO stripping curves of CoPt TONPs, CoPt ANPs and commercial Pt/C in
CO-saturated 0.5 mol L™ H,SOy, solution at a scan rate of 50 mV s™'; (e) mass and specific activities calculated from the forward oxidation current of (b);
(f) chronoamperometry measured at 0.6 V versus SCE in a mixed solution of 0.5 mol L™ H,SO4 + 1 mol L™ CH;OH at a scan rate of 50 mV s
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the scan is backward, the oxidation peak at about 0.45 V
is generated due to the oxidization of the residual carbon
species [40]. From the MOR curves in Fig. 3b, the forward
current density (j) of CoPt TONPs (47.1 mA cm™) is re-
markably higher than that of CoPt ANPs (22.1 mA cm™)
and commercial Pt/C (6.7 mA cm™), which is about 2 and
7 times that of CoPt ANPs and of commercial Pt/C, respec-
tively.

Fig. 3c shows the LSV curves at a slow scan rate of 5
mV s for the three catalysts in a mixed solution containing
0.5 mol L™ H,SO, and 1 mol L™ CH30H. The peak current
density of CoPt TONPs is 29.7 mA cm ™, which is nearly 2.5
and 5.7 times that of CoPt ANPs (12.1 mA cm™) and com-
mercial Pt/C (5.2 mA cm™), respectively. This is in good
agreement with the CV results in Fig. 3b, further confirm-
ing that the CoPt TONPs possess the highest catalytic ac-
tivity. Furthermore, the onset potentials for the three cata-
lysts are strikingly different as well. For CoPt TONPs, it is
nearly 20 mV lower than that of commercial Pt/C, implying
clearly superior reaction kinetics together with higher effi-
ciency to remove the incompletely oxidized carbonaceous
species formed during the oxidation reaction, which will
be discussed in the CO stripping results [41,42]. For ex-
ample, if a certain oxidation current density is needed at 5
mA cm™ (as displayed by the green dashed line in the inset
of Fig. 3c), the corresponding oxidation potential on the
CoPt ANPs (0.51 V) and Pt/C (0.61 V) are larger than that
on CoPt TONPs (0.47 V). This relatively low trigger oxida-
tion potential means that the MOR is much easier to carry
out on CoPt TONPs [43].

CO stripping behavior was determined on the three elec-
trocatalysts in CO-saturated 0.5 mol L' H,SO4at a scan rate
of 50 mV s™'. As shown in Fig. 3d, the onset of CO strip-
ping on CoPt TONPs (0.44 V) is lower than that on CoPt
ANPs and standard commercial Pt/C, which are 0.50 and
0.54 V, respectively. Meanwhile, the corresponding CO ox-
idation peak of CoPt TONPs, CoPt ANPs and commercial
Pt/C are also positively shifted from 0.50 to 0.61 V. These
results suggest that the CoPt TONPs have the efficient CO
removal ability, which might arise mainly from the opti-
mum geometric, ligand effect between Co and Pt, which
alters the electronic structure of Pt [26,44].

To further compare the electrocatalytic activities of the
above three catalysts, loaded Pt mass-normalized forward
peak current (mass activity) and the ECSA-normalized for-
ward peak current (specific activity) at forward peak poten-
tial for MOR are summarized in Fig. 3e. The mass activ-
ity of CoPt TONPs is 2.4 A mg,!, which is about 2 and 8
times that of CoPt ANPs (1.1 A mg ) and commercial Pt/C
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(0.3 A mg,)), respectively. Moreover, the specific activity
of CoPt TONPs is 2.9 mA c¢m,’, which is greatly larger than
that of CoPt ANPs (2.2 mA ¢m,’) and commercial Pt/C (0.5
mA cm,.). The better performance may originate from the
modification of the electronic structure between Co and Pt
together with the highest ESCA for more available catalyt-
ically active sites.

The electrocatalytic stability of the three samples were
further characterized by chronoamperometry. The data
shown in Fig. 3f were collected at a fixed potential of 0.6
V. Apparently, the current densities decrease rapidly for
these three catalysts at the beginning, due to the forma-
tion of intermediate products such as CO.4, COOH.gs and
CHOuqs [41]. However, much slower current density decay
and higher oxidation current density are observed for CoPt
TONPs compared with CoPt ANPs and commercial Pt/C.

Accelerated durability test (ADT) was also performed to
further examine the stability of CoPt TONPs in compari-
son with CoPt ANPs and commercial Pt/C which were col-
lected in an Ar-saturated 0.5 mol L™ H,SO, solution at a
scan rate of 50 mV s™'. After 1000 cycles, the CV curves
used to calculate ECSA and the peak current density for the
three catalysts are summarized in Figs 4, S5 and Table SI.
As shown in Fig. 4d, the ESCA value shows a decrease be-
cause of the dissolution of surficial Pt atoms and agglom-
eration of Pt particles through surface oxidation/reduction
processes. After ADT, the ECSA value of CoPt TONPs
shown in Fig. 4a is 66.9 m? g™', which only decreases 18.5%,
but it decreases as high as 31.7% and 68.2% for CoPt ANPs
(remaining 35.4 m? g') in Fig. 4b and commercial Pt/C
(remaining 20.0 m* g'!) in Fig. 4c, respectively. Fig. 4d
shows the ECSA values of the three electrocatalysts before
and after ADT. These results indicate that CoPt TONPs en-
hance long-term catalytic stability for MOR. The stable cat-
alytic activity of CoPt TONPs indicates the improved abil-
ity to prevent CO poisoning, which can be attributed to
the strong electron interaction between Co and Pt atoms
in CoPt TONPs [26].

Based on the above experimental data, it is reasonable
to conclude that the electrocatalytic activity and the sta-
bility of CoPt TONPs can be greatly enhanced. The rea-
sons can be attributed to several facts. Frist, the ligand ef-
fect between Co and Pt can modify the electronic structure
of Pt by the orbital overlap of 3d transition metal Co. As
shown in Fig. 2d, the Pt 4f binding energy in CoPt TONPs
shows a large shift which lowers Pt d-band center as well as
the surface oxygen affinity [26,45]. Second, the addition of
metal can also facilitate the generation of oxygen-contain-
ing species on sites adjacent to Pt, thereby aiding in the
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solution at a scan rate of 50 mV s™'; (d) the ECSA value of initial and after ADT for three electrocatalysts.

oxidation of CO and resulting in the great enhancement in
electrocatalytic activities, which is called the bifunctional
effect [41,45]. Third, the smaller size and better dispersion
can enlarge surface area and are benifical for electron trans-
fer to or from particle surface [46].

Pt as a universal choice of catalyst plays a dominant role
in the elecrocatalytic performance. The introduction of
magnetic elements (such as Co, Fe and Ni) not only dra-
matically decreases the usage of noble Pt, but also changes
the structure of Pt to tune the electrocatalytic performance.
Furthermore, the addition of Co will affect the magnetic
property of bimetallic CoPt TONPs. Apparently, it is ex-
cellent for the catalysts to be recycled if they show ferro-
magnetism at RT. It is well known that the catalytic perfor-
mance will be greatly enhanced if the reaction takes place at
higher temperatures. At the same time, the magnetic ma-
terials will experience a magnetic transition with increas-
ing temperature, such as from ferromagnetism to paramag-
netism. Therefore, the relationship between catalytic and
magnetic properties will be certainly amazing. Up to now,
this is still an open issue due to its extremely complicated
physical and chemical reactions. In this work, the mag-

January 2017 | Vol.60 No.1

netic measurements of the CoPt TONPs were carried out by
SQUID and ESR. Fig. 5a shows the hysteresis loops (M-H
loops) at 10, 200 and 300 K, where the inset presents the en-
larged data. The coercivity (H.) decreases with increasing
temperature, and its value is 493, 116 and 15 Oe for 10, 200
and 300 K, respectively. Similarly, the saturation magne-
tization (M) shows a slight decrease with increasing tem-
perature, such as 21 emu g™ at 10 K and 16 emu g™ at 300
K. It indicates that magnetic moments become more dis-
orderly with increasing temperature, and will reach para-
magnetism above Curie temperature [47,48]. The temper-
ature dependent magnetization (M-T curves) for ZFC and
FC are shown in Fig. 5b. The data show a typical ferromag-
netic behavior and the Curie temperature is estimated to be
above 350 K. Both the M-H loops and M-T curves confirm
the ferromagnetism at RT for CoPt TONPs.

ESR spectroscopy is usually used to detect much weak
ferromagnetism and paramagnetism, including metal-or-
ganic framework (MOF) [49]. Here, the magnetic property
was further investigated by ESR highly sensitive detection
under different temperatures, as shown in Fig. 5¢c. All the
ESR curves possess the typical single Lorentz shape with
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Figure 5 (a) M-H loops for CoPt TONPs at 10, 200 and 300 K, respectively; (b) ZFC and FC curves obtained with a magnetic field of 100 Oe; (c) ESR
spectra at various temperatures; (d) corresponding resonance field and g-value.

good symmetry. The resonance field varies from 2288 to
2645 Oe with the temperature increasing from 80 to 320
K. The g-value can be calculated according to the following
equation [50,51]:

hv = gu,B.., (1)
where yg is the Bohr magneton, h is the Plank constant, and
B is the resonance field obtained from the ESR curves, v is
the frequency of AC magnetic field, respectively. The res-
onance field and g-value as a function of temperature are
presented in Fig. 5d. The g-value is nearly 2.0 for paramag-
netism and increases for ferromagnetism. The value of g is
larger than 2.0 for CoPt TONPs, confirming the ferromag-
netism below 320 K. For example, the resonance field and
g-value is 2474 Oe and 2.74 at 200 K, respectively. When
the temperature is rised to 300 K, it changes to 2624 Oe
with g-value of 2.59. The ferromagnetic signal becomes
weaker with increasing temperature, well consistent with
the SQUID results. The data from SQUID and the ESR
provide a direct evidence for the ferromagnetism state in
TONPs.

It is important to point out that the magnetic properties
including Curie temperature, the coercivity can be changed
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by the structure, size, and shape of the NPs. Simultane-
ously, the catalytic behavior has a close connection with
structure, size, shape, and steps on the surface. Therefore,
there could be internal relationship between the magnetic
and catalytic properties, especially in the micro/nano-scale
particles. Based on the above results, we think the im-
provement of electrocatalyst might be associated with the
magnetic properties. This may be a promising route to de-
velop excellent electrocatalytic activity and stability with
low Pt-loading on electrode in fuel cell by adding magnetic
elements together with the control of structure, size, and
shape.

CONCLUSIONS

In summary, CoPt TONPs were successfully produced by
a simple and rapid one-pot method with great promising
approach for the large scale production of electrocatalysts.
The single crystalline CoPt TONPs can be as small as 8
nm with better electlocatalytic performance compared with
CoPt ANPs and commercial Pt/C. The mass and specific
activities of CoPt TONPs is 2.4 A mg,! and 2.9 mA cm,},
markedly higher than that of commercial Pt/C, which is
only 0.3 A mg, and 0.5 mA cm,;, respectively. After ADT,

Pt>

the ECSA value of the CoPt TONPs is about 3.3 times larger
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than that of commercial Pt/C. In addition, the weak ferro-
magnetism at RT is quite useful for recycling the catalysts
during industrial applications.
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