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Hierarchically structured PtCo nanoflakes-nanotube as 

electrocatalyst for methanol oxidation  

Dongbo Yu,a,b Ezzatollah Shamsaei,a Jianfeng Yaoa, Tongwen Xu,b and Huanting Wang *a

A novel PtCo nanoflakes-nanotube architecture was constructed by 

using a Co metal nanowire array as the sacrificial template through 

galvanic replacement reaction.  The as-prepared hierarchical structure 

achieved effective utilization of Pt and exhibited much better activity and 

stability for electrocatalytic oxidation of methanol of than the 

commercial Pt/C catalyst. 

Minimizing the usage of Pt and maximizing its utilization-

efficiency is one of the most essential issues on the 

widespread commercialization of direct methanol fuel cells 

(DMFCs).1 Generally, the catalytic performance of catalysts 

mainly depends on their size, shape, chemical state and 

electronic structure on the interface/surface.2 Tremendous 

efforts have been made to tailor the structure and property of 

Pt-based catalysts.3-13 For example, tuning the electronic 

structure of TiO2 support by adding oxygen vacancies and 

fluorine doping resulted in enhanced activity and stability for 

TiO2 supported Pt nanoparticle catalyst.7 Through controllable 

synthesis, PtPd alloy concave nanocubes, enclosed by high-

index facets with high-density steps, edges and low-

coordinated atoms, had more active sites and thus exhibited 

much better performance in methanol oxidation reaction 

(MOR).12, 13 Furthermore, catalysts operated in alkaline media 

not only bring about significant improvement of kinetics of 

methanol oxidation, but also offer the potential use of  

inexpensive metal catalysts such as Ni and Co because it 

ensures their good durability in alkaline fuel cells.14-16   

However, the Ostwald ripening, agglomeration and 

impeditive electron transfer pathway are always unavoidable 

barriers to Pt-based nanoparticles which results in decreased 

durability and activity.17-22 Very recently, by tuning a PtNi 

alloy nanowire with ultrafine jags from Pt@NiO core-shell 

nanowire, the resulting catalyst had high electrochemical active 

surface area, leading to outstanding stability; and it showed the 

highest mass activity of 13.6 A/mg ever reported for oxygen 

reduction reaction ( ~ 50 fold higher than commercial Pt/C).23 

In addition, Pt alloy nanotube with nanoporous framework has 

also emerged as an alternative solution, in which both of 

nanotube geometry and nanoparticle morphology are preserved 

so as to facilitate the electron transport, enabling enhanced 

stability and achieving the full potential of nanoparticle without 

compromising its high surface area.24, 25 Similarly, Dai’s group 

has synthesized a carbon nanotube-graphene complex via 

chemical exfoliation of few-layer carbon nanotube, the 

graphene nanosheets attached to the carbon nanotube afford the 

rich defects for nitrogen doping, which boosts the activity of 

catalyst. Meanwhile, the intact inner wall remains good 

conductivity, which sustains the effective electron collection 

and transport during electrocatalytic reaction; this refined 

architecture thus leads to a comparable performance of 

commercial Pt/C catalyst for oxygen reduction reaction.26 

Therefore, it would be advantageous to construct suitable 

configurations of catalyst materials to realize both high active 

sites and good conductivity and durability.  

 

Scheme 1 Schematic illustration of the fabrication process for PtCo nanoflakes-
nanotube array electrode on Ni foam.  A, B and C represent Co metal nanowire array,  

co-axial  PtCo@Co nanowire array and PtCo nanoflakes-nanotube array, respectively. 

In this work, we fabricated a new architecture of PtCo 

nanoflakes-nanotube array on Ni foam by a simple galvanic 

replacement method,27-30 to optimize the utilization of Pt and 
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further enhance the electrochemical performance of catalyst 

electrode. The fabrication process is illustrated in Scheme 1. By 

reducing branched Co3O4 nanowire array reported in our 

previous work (Figure S1 a, b) in H2 gas flow,31 the Co metal 

nanowire array (Scheme 1 A, Figure S1 c, d) results and acts as 

sacrificial template; subsequently, immersing the Co nanowire 

array into H2PtCl6 aqueous solution, a thin layer of PtCo alloy 

is formed on the surface of Co nanowire at the early stage 

(Scheme 1 B, named as PtCo@Co nanowire). As the galvanic 

replacement reaction proceeds and H2PtCl6 is continuously 

supplied, the co-axial PtCo@Co nanowire (Scheme 1 B) 

evolves into PtCo nanotube due to the Kirkendall effect,30 and 

PtCo nanoflakes are orderly aligned on the nanotube (Scheme 1 

C). The as-synthesized PtCo nanoflakes-nanotube shows 

significantly higher electrocatalytic activity and better stability 

in methanol oxidation than the commercial Pt/C.  

 

Fig. 1 SEM images of PtCo nanoflakes-nanotube with different Pt loadings: 0.2 mg (a), 
0.4 mg (b), 0.8 mg (c) and 1.0 (d); the insets in (a) and (c) show the corresponding high-
magnification images. 

The loading of Pt on the electrodes could be easily controlled 

by varying the volume or concentration of H2PtCl6 solution (0.5 

mg/ml was used in our synthesis), and the resulting electrodes 

are named as PtCo-X, where X is the theoretical loading of Pt. 

Fig. 1 shows SEM images of PtCo nanoflakes- nanotube with 

different Pt loadings. It can be seen that some of small flake-

shaped clusters are formed on the surface of PtCo-0.2 (Fig. 1a) 

in contrast to smooth original Co nanowires  (Figure S1d); In 

addition, Co3O4 nanowires have been completed converted to 

Co nanowires, the initial nanopores disappear and it merges 

into solid nanowires (Figure S2). The nanoflake structures grow 

up continuously, and narrow down the interspaces between the 

nanowires when more H2PtCl6 solution is added. The thickness 

of the nanoflakes is about 20 ~ 30 nm (Fig. 1b-d). If Pt 

precursor solution is further added, the nanostructured array 

morphology is lost and covered by a dense layer of nanoflakes 

on the top (Figure S3). The X-ray diffraction (XRD) pattern of 

Co metal nanowire array (Figure S4a) matches well up with 

hexagonal close-packed lattice of Co (JCPDS 05-0727). 

However, PtCo nanoflakes-nanotube arrays display the face-

centered cubic crystal structure (JCPDS 04-0802); the PtCo 

(111) peak negatively shifts from 40.62o (PtCo-0.2) to 40.33o 

(PtCo-0.4) and 40.18o (PtCo-0.8), due to less Co incorporation 

into the lattices of Pt in the process of nanoflake growth (Figure 

S4b-d), and eventually gets close to 39.76o (Pt (111) plane). 

The microstructure of nanoflakes-nanotube electrodes was 

also characterized by transmission electron microscopy (TEM). 

PtCo-0.4 shows a core-shell structure composed of nanowire 

core and nanoflake shell (Fig. 2a-c, Figure S5a). The core-shell 

interphase boundary can be clearly seen in the enlarged image 

of area A and there are lots of micropores (1 ~ 2 nm) inside the 

nanoflake (Fig. 2b). The energy dispersive X-ray spectroscopy 

(EDX) mapping images (Fig. 2c, area B) further confirm 

elemental distribution of the Co core and PtCo nanoflake shell, 

which is in good agreement with the SEM and XRD results 

(Fig. 1b, Figure S4). When the supply of Pt precursor 

continues, Pt is reduced by Co nanowires and gradually 

accumulates on the initial PtCo surface till Co nanowire core 

are completely consumed, evolving into PtCo nanotubes (Fig. 

2d and Figure S5b) due to Kirkendall effect;30 simultaneously, 

the increase in size of PtCo nanoflakes also occurs. Many Co 

metal residues can be still observed (Figure S5c-e), and the 

hollow tubular morphology of nanoflakes-nanotube structure is 

obvious (Figure S5e, f). The electron diffraction spots at the 

edge of nanoflakes show a single-crystal structure (Fig. 2e); and 

the lattice spacing of 0.23 nm is assigned to PtCo (111) plane 

(Fig. 2f), indicating that the epitaxial growth of nanoflake is 

anisotropic along [111] direction as a result of the lowest 

energy principle.32-34 Note that the (111) facets of Pt-based 

bimetallic alloys have a particular atomic surface state, and it is 

expected that the as-synthesized electrode will possess high 

electrocatalytic activity.35 

 

Fig. 2 TEM images of PtCo-0.4 (a-c), the insets in c show the EDS mapping images of 
elemental distribution in area B; TEM image of PtCo-0.8 (d) and the corresponding 
electron diffraction pattern in area C (e) and high-resolution TEM image in area D (f) 

The structure evolution of the specific nanoflakes-nanotube 

array was further investigated as a function of reaction time 

(Figure S6-8). With increasing the reaction time, the product 

followed the same structure transformation process as the case 

of feeding amount of H2PtCl2. It was clear to see the formation 

of initial small-sized nanoflake shell and nanotube core (Figure 

S6). Since two Co atoms are consumed to produce a new Pt 

atom in the galvanic replacement reaction 

( 2- 2+ -

62Co + PtCl Pt + 2Co  + 6Cl→ ), Pt atoms produced are not 

enough to fill up the voids created by the depletion of metal Co, 

thus resulting in a porous structure as shown in Figure S6b, and 

the distinct interfacial gaps between the core and the shell could 
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also be observed (Figure S7a, b). At the very beginning stage, it 

was interesting that several paralleled moiré fringe-like patterns 

was formed on the Co nanowires (Figure S8a-d). It had been 

reported in previous studies of epitaxial growth that periodic 

strain dislocations at the interface between Ag island and Pt 

(111) substrate gave rise to ordered Ag island arrangements.36 

In another study, Ni moiré fringes were aligned on the surface 

of Pt-doped Au nanorod, arising from the different lattices of 

Ni and Au.37 The formation of moiré fringe-like structures were 

attributed to the different lattice parameters between base metal 

and generated phase, which also induced the interfacial stress, 

and it caused the change of interplanar spacing in good 

agreement with the observation in our study (Figure S8f, g).  

Therefore, it was believed that the difference between 

crystalline lattices of Co and Pt in our case resulted in the 

strain-relief pattern on the surface of Co nanowires, which 

further directed the regular distribution of PtCo nuclei and 

initiates moiré fringe-like nanocrystalline bands. When the 

reaction proceeded for 3 h, to minimize the free surface energy, 

PtCo crystals preferably grew outwards along the moiré fringe-

like bands (Figure S7c-g), and it actually restricted the growth 

in thickness orientation, and the nanoflake morphology was 

formed. Prolonging the reaction time, Co metal was 

continuously consumed and finally transformed into complete 

PtCo nanotube (Figure S7h-m). In addition, CoPt nanoflakes 

are not in parallel to each other. This can be explained by the 

exterior polycrystalline structure of Co nanowires; the 

alignment of nanoflakes reflects the integrated strain-relief 

pattern of every small Co single crystal (Figure S8f).  

The electrocatalytic properties of PtCo nanoflakes-nanotube 

electrodes were examined by cyclic voltammetry (CV), linear 

sweep voltammetry (LSV) and chronoamperometry, and 

benchmarked against the commercial catalyst 20 wt% Pt/C. Fig. 

3a shows the CV curves of PtCo-0.2 and Co nanowire in 2 M 

NaOH solution at a scan rate of 5 mV/s. Two pairs of A/A’ and 

B/B’ peaks can be assigned to Co/CoOx (Co(OH)2), and the 

C1/C1’, C2/C2’ and C3/C3’ peaks correspond to 

Co(OH)2/CoOOH.38, 39 The peak heights of CV for Co 

nanowire without loading Pt are much lower than those of 

PtCo-0.2. This is because pure Co nanowire has higher 

electrical resistance than Pt, and the incorporation of Pt results 

in enhanced conductivity as the redox reactions proceed.40 In 

the present of methanol, PtCo-0.2 displays typical two-step 

MOR peaks located at -0.28 V (vs Ag/AgCl) and -0.38 V (vs 

Ag/AgCl) (Fig. 3b), which can be attributed to methanol 

oxidation (If) and the further oxidation of residual carbonaceous 

species generated in the forward scan (Ib).41, 42 On the contrary, 

Co nanowire almost has no electrocatalytic activity toward 

methanol oxidation (Fig. 3b). Fig. 3c and d show the CV curves 

of PtCo-0.2 for methanol oxidation as a function of repeating 

cycle. The current density for MOR increases with the cycles at 

the beginning 3 cycles (Fig. 3c); the current density of β/β’ 

redox couple originated from the transformation of 

Co(OH)2/CoOOH sharply drops, which indicates the slight 

occurrence of methanol oxidation on the surface of CoOOH.14, 

39 The CO stripping of Co nanowires also confirms the formed 

CoOOH could oxidize CO to CO2 (Figure S9), implying the 

positive assistance to the elimination of Pt catalyst poisoning in 

methanol oxidation. In addition, the peak α represents the 

oxidation of metal Co and disappears after the 1st cycle (Fig. 

3c). As shown in Fig. 3d, the peak height of MOR decreases 

with increasing the current density of Co(OH)2/CoOOH, 

implying that the accumulation of CoOOH in the presence of 

Co would hinder the electron transport and thus lower the 

MOR. 

 

Fig. 3 CV curves of Co nanowire and PtCo-0.2 in 2 M NaOH (a) and 2 M NaOH + 1 M 
methanol (b) at a scan rate of 5 mV/s; CV curves of PtCo-0.2 in 2 M NaOH + 1 M 

methanol at different repeating cycles (c, d) 

As Pt loading of the electrodes increases from 0.2 to 0.8 

mg/cm2, the current density of methanol oxidation increases 

(Fig. 4a). Because Pt was used up to generate PtCo nanotubes 

at a small loading of Pt, only when more Pt was provided the 

growth of PtCo nanoflakes was promoted, exposing more 

active sites for MOR, as observed in SEM images (Fig. 1). 

Importantly, the peak current ratios If/Ib of our electrodes, as a 

measure of the poisoning tolerance, showed a large 

enhancement and thus superior or comparable MOR 

performance compared to the commercial Pt/C and PtRu/C 

catalyst (Table S1). This result is consistent  with previous 

observations that bimetallic catalyst could distinctly improve 

the catalytic properties.17, 43 Furthermore, the nanoflakes-

nanotube architecture provides not only much higher surface 

area and more electrolyte- diffusion paths, but also multiple 

adjacent active Pt sites for multistep adsorption and desirable 

electron transport in methanol oxidation.25 However, when the 

amount of Pt precursor solution further increases, the current 

density height decreases significantly (Fig. 4b). This is 

probably because a dense layer of PtCo nanoflakes is formed on 

the surface of the electrodes (Figure S3), blocking the transport 

of methanol into the PtCo nanoflakes-nanotube array and 

lowering the utilization efficiency of Pt. For comparison, a less-

dense ordered aligned Co metal nanowire array was employed 

to prepare the similar nanoflakes-nanotube structure with more 

favorable path for electrolyte diffusion, the result suggested that 

the better electrocatalytic properties could be realized by 

engineering the architecture of catalysts, which boosted the 

transport efficiency and maximizes the catalytic sites (Figure 

S10). The commercial PtRu/C catalyst almost has the same 
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onset potential of PtCo-0.4 and PtCo-0.8 but lower current 

density (Table S1), which also implies the specific electrode 

architecture dominates during the methanol electrocatalytic 

reaction in comparison with the intrinsic activity of catalysts.  

 

Fig. 4 CV curves (a, b) and chronoamperometry plots (c, d) of PtCo nanoflakes-
nanotube electrodes with different Pt loading amount in 2 M NaOH + 1 M methanol 

In order to evaluate the stability of the electrodes, 

chronoamperometric measurements were carried out with a bias 

at -0.2 V (vs Ag/AgCl) in 2 M NaOH + 1 M methanol aqueous 

solution. PtCo-0.2 and PtCo-0.4 displayed a very quick 

degradation for MOR and lost 76.3% and 44.2% of their initial 

current density after 2000 s, respectively (Fig. 4c). In contrast, 

the electrodes having more Pt loading (> 0.8 mg) could retain 

around 80% (Fig. 4c, d and Table S1), which revealed much 

better stability. Comparing PtCo-0.4 with PtCo-0.8, they almost 

exhibited the same MOR current density, but PtCo-0.8 showed 

more promising long-term performance. Therefore, we 

prepared another electrode PtCo-0.6 with the similar 

nanoflakes-nanotube structure (Figure S11a, b) and investigated 

its electrochemical properties (Figure S11c, d). PtCo-0.6 

exhibited higher MOR activity than both PtCo-0.4 and PtCo-

0.8, and its MOR stability was between them; this  suggests the 

stability of electrodes depends on Pt loading (Table S1). In 

addition, PtCo-0.8 showed the current density of 120.9 mA/mg 

after 2000 s chronoamperometry measurements, which was 2.5 

times that of 20% Pt/C and almost close to its highest value 

(149.8 mA/mg). Note that the corrosion of carbon support 

caused loss of Pt nanoparticles from electrical contact, which 

impeded electron collection in Pt/C. In our case, PtCo-0.8 

nanoflakes-nanotube structure minimized the dissolution, 

Ostwald ripening and migration of nanoparticles that are 

usually observed in Pt/C,17 thus improving the utilization 

efficiency of Pt and achieving better stability. The 

electrochemical impedance spectroscopy (EIS) measurements 

demonstrated the enhanced conductivity of the electrodes as 

more Pt was loaded (Figure S11e, f, Table S2), and provided 

evidence on the dramatic reduction of PtCo-0.2 and PtCo-0.4 

for MOR resulting from their high internal resistances in the 

oxidation process. The above results suggest that the unique 

nanoflakes-nanotube structured electrodes exhibit much better 

activity and durability than thecommercial Pt/C catalyst, and 

that the electrical conductivity of catalysts also need to be taken 

into account in design of electrocatalysts apart from 

maximizing exposed surface area. 

In summary, we have synthesized a PtCo nanoflakes-

nanotube array on Ni foam by simply immersing Co metal 

nanowire array in H2PtCl6 aqueous solution. The formation 

mechanism is discussed and it is suggested that epitaxial 

growth integrated with Kirkendall effect conduces this unique 

hierarchical architecture. PtCo-0.8 exhibits a current density of 

253.4 mA/mg for MOR and retains ~ 80% of initial value after 

2000 s chronoamperometry measurement, which is 2.5 times 

that of the commercial Pt/C and almost reaches its highest 

activity of 149.8 mA/mg. The promising electrocatalytic 

performance of the electrodes is ascribed to the unique structure 

that combines the advantages of high surface area, accessible 

electron pathway and desirable electrolyte transport. The PtCo 

nanoflakes-nanotube is a promising candidate for use as 

catalyst in fuel cells and other electrochemical devices. 

This work was financially supported by the Australian 

Research Council (DP150100765). 
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Experimental section 

Materials Synthesis  

Branched Co3O4 nanowire array was prepared by using our previously reported 

method.1 Co metal nanowire cluster was prepared by annealing the branched Co3O4 

nanowire array at 450oC with H2 flow for 2h. The obtained Co nanowire cluster on Ni 

foam with 1 cm2 in area was then directly immersed into a certain volume of H2PtCl6 

aqueous solution (0.5 mg/ml) overnight to get PtCo nanoflakes-nanotube. The 

resulting electrodes were denoted as PtCo-X, where X was the theoretically loading 

amount of Pt and specified to be 0.2, 0.4, 0.6, 0.8, 1.0, 2.0 and 2.5 mg. For 

comparison, orderly aligned Co metal nanowire array (OA-Co NA) was used as the 

precursor materials for fabricating the similar PtCo nanoflakes-nanotube 

(OA-PtCo-X). To follow the similar synthesis procedure, only straight Co3O4 

nanowire array was the starting material in the preparation process of OA-Co NA 

(annealing at 350oC), and the detailed synthesis of straight Co3O4 nanowire array was 

described in the previous study.1 In addition, for less-dense OA-PtCo-X, the 

as-prepared straight Co3O4 nanowire array template was first treated with ultrasonic 
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bath for 15 seconds, in order to obtain sparse distribution of Co3O4 nanowire array. 

Structure and electrochemistry characterizations 

The structure and morphology of PtCo nanoflakes-nanotube were characterized by 

using a scanning electron microscope (SEM, JEOL JSM-6300F) and a transmission 

electron microscope (TEM, JEM-2100) operated at 200 KV. The elemental analysis of 

PtCo nanoflakes-nanotube was examined by an energy dispersive X-ray spectrometer 

(EDS) attached to the TEM (JEM-2100). The X-ray diffraction (XRD) was conducted 

on a Bruker D8 Advance X-ray diffractometer with Cu Kα radiation. The X-ray 

photoelectron spectroscopy (XPS) analyses were examined on a Thermo Fisher X-ray 

photoelectron spectrometer system (ESCALAB250). The electrochemical tests were 

investigated by cyclic voltammetry (CV), linear sweep voltammetry (LSV), 

chronoamperometry and electrochemical impedance spectroscopy (EIS) in 2 M 

NaOH aqueous solution using an Autolab 2 instrument (Metrohm Autolab B.V., The 

Netherlands) at room temperature. EIS analysis was measured ranging from 0.1Hz to 

100 kHz at open-circuit potential with an ac perturbation of 0.1 V. KCl saturated 

Ag/AgCl and graphite rod were used as reference electrode and counter electrode, 

respectively, and the nickel foam supported electroactive catalysts (~ 1 cm2) were 

directly used as the working electrode. For comparison, the working electrode for 

commercial Pt/C and PtRu/C (20 wt%, Sigma Aldrich) was also prepared, a mixture 

solution composed of 20 mg of Pt/C or PtRu/C, 100 μl Nafion solution (~5% in a 

mixture of lower aliphatic alcohols and water, Sigma Aldrich) and 0.9 ml ethanol was 

ultrasonicated for 60 min. The mixed solution was then dispersed on 1 cm2 of carbon 

paper (TGPH-030, Toray), yielding a catalyst loading amount of 0.4 mg/cm2, and 

finally dried at 80 oC for 1 h in air. The CO stripping test was conducted on the base 

of LSV measurements. O2 dissolved in 2 M NaOH solution was removed by bubbling 

N2 gas for 15 min, and the electrolyte solution was then saturated by bubbling CO gas 

for 15 min and finally treated with N2 gas bubbling again. 

 

1  D. Yu, Y. Wang, L. Zhang, Z.-X. Low, X. Zhang, F. Chen, Y. Feng and H. Wang, Nano 

Energy, 2014, 10, 153-162. 
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Figure S1 SEM images of branched Co3O4 nanowires (a, b) and Co nanowire cluster 

(c, d) on Ni foam. 
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Figure S2 TEM image (a) and high-resolution image (b) of Co nanowires; electron 

diffraction (ED) patterns in selected areas (c, d), d zooms in on the red rectangle area 

of a; high-resolution XPS spectra of Co 2p3/2 of Co3O4 nanowires (e) and Co 

nanowires (f). The Co nanowires had a smooth surface (a), and the lattice spacing of 

0.262 nm corresponded to Co(101) plane (b) that was close to 0.23 nm of PtCo(111), 

this would cause strain dislocations at the interface between Co nanowire and new 

formed PtCo, which may induce the growth of PtCo with nanoflake structure. The ED 

pattern of Co nanowires demonstrated diffraction rings, indicating the polycrystalline 

structure; meanwhile, if zoomed in a small-scale area, it showed a single-crystal 

diffract spot, that’s because the porous Co3O4 nanowire precursor was actually 

composed of numerous small nanoparticles, each nanoparticle may convert into an 
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individual single-crystal Co nanoparticle, they were melt together into a solid 

nanowire during the reduction reaction, in agreement with the observation of 

shrinkage of diameter after reduction reaction. It could be clearly seen the Co2+/Co3+ 

band (~780 eV) and its satellite band (~785eV) in the high-resolution XPS spectra of 

Co 2p3/2 of Co3O4 nanowires clearly (e); in contrast, the Co nanowires only presented 

a Co0 band located at ~ 791.1 eV (f), implying the complete transformation in H2 gas 

flow. 

 

 

 

 

Figure S3 SEM images of CoPt-2.0 (a) and CoPt-2.5 (b). The insets show their 

corresponding high-magnification SEM images. 

 

Figure S4 XRD patterns of Co nanowire (a), PtCo-0.2 (b), PtCo-0.4 (c) and PtCo-0.8 

(d) 
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Figure S5 TEM images of PtCo-0.4 (a) and PtCo-0.8 (b-f). The red arrows in (e) and 

(f) show the hollow tubular morphology of nanoflakes-nanotube structure. 
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Figure S6 SEM images of PtCo-0.8 as a function of reaction time: 1 h (a), 4 h (b), 8 h 

(c) and 12 h (d). 

 



8 

 

 

Figure S7 TEM images of PtCo-0.8 as a function of reaction time: 2 h (a, b), 4 h (c-g), 

8 h (h-j) and 12 h (k-m). 



9 

 

 

 

Figure S8 TEM images of PtCo-0.8 after reaction for 1 h. It is clear to see the 

formation of moiré fringe-like structures (a-d), which was attributed to the difference 

between crystalline lattices of Co and Pt, resulting in the strain-relief pattern on the 

surface of Co nanowires. The different crystalline lattice parameter also caused the 

broadening crystalline interspacing of Co base metal. 
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Figure S9 CO stripping voltammetry of Co metal nanowire arrays in 2 M NaOH 

aqueous solution at a scan rate of 5 mV/s. The CO was pre-absorbed at 0 V for 15 min. 

Two Co metal nanowire array samples were examined. It is clear that the CO 

stripping for Co metal nanowire was different from that of Pt. A wave peak appeared 

rather than the sharp peak of Pt catalyst, indicating that the CO stripping occurred 

with the transformation from Co(OH)2 to CoOOH, and the formed CoOOH assisted in 

oxidizing CO to CO2 ranging from 0.3 ~ 0.55 V. 
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Figure S10 SEM images of orderly aligned Co metal nanowire array (a), 

OA-PtCo-0.8 (b) and less-dense OA-PtCo-0.8 (c); CV plots of OA-PtCo-0.8 and 

less-dense OA-PtCo-0.8 in 2 M NaOH + 1 M methanol at a scan rate of 5 mV/s (d) 

and their corresponding chronoamperometry curves at -0.2 V (e). If the as-obtained 

Co3O4 nanowire array was used as the precursor for the synthesis of OA-PtCo-0.8, the 

distribution of orderly aligned Co metal nanowire array (a) was so dense that the 

architecture of resulting OA-PtCo-0.8 (b) could be similar to that of PtCo-0.8; the 

interspaces among nanoflakes-nanotube unit were still very narrow. With the 

ultrasonic treatment of dense Co3O4 nanowire array for 15 seconds, part of Co3O4 

nanowires could be peeled off from Ni foam substrate, leading to less-dense 

distribution of Co3O4 and thus the successful preparation of less-dense OA-PtCo-0.8. 

Due to the more favorable configuration that boosted the transport efficiency and 

offered more catalytic sites, the less-dense OA-PtCo-0.8 exhibited better 

electrocatalytic activity and stability for methanol oxidation. In addition, the common 

OA-PtCo-0.8 showed a bit lower activity than branched Co3O4-derived PtCo-0.8. The 

results suggested that tuning the catalysts with smart structure was very preferable.
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Figure S11 SEM images (a, b) of PtCo-0.6; CV curve of PtCo-0.6 in 2 M NaOH + 1 

M methanol at a scan rate of 5 mV/s (c) and its corresponding chronoamperometry 

curve at -0.2 V (d); EIS plots of PtCo-0.2, PtCo-0.4, PtCo-0.8，PtCo-1.0 and PtCo-2.0 

after 2000 s chronoamperometry measurements ranging from 0.1Hz to 100 kHz (e), 

enlarged EIS plots at low frequency (f). The equivalent electrical circuit (inset of 

Figure S6f) contains electrolyte solution resistance (Rs), charge transfer resistance 

(Rct), Warburg impedance (W) and constant phase element (Q). 
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Table S1 The values extracted from Fig. 4, Figure 10d-e and Figure S11c-d. 

 

 

Catalyst 

Current density of cyclic voltammetry 

(mA/mg) 

Current density of 

chronoamperometry at -0.2 V 

onset 

potential 

(V) 

forward 

scan  

(If) 

backwa

rd scan  

(Ib) 

the 

ratio 

of If/Ib 

at 0 s 

(mA/mg) 

at 2000 s 

(mA/mg) 

stability 

(%) 

20% Pt/C -0.61 149.8 70.3 2.13 68.1 47.2 69.3% 

20% PtRu/C -0.68 189.1 48.3 3.91 112.3 87.3 77.8% 

PtCo-0.2  -0.64 187.7 44.8 4.19 165.0 39.1 23.7% 

PtCo-0.4 -0.69 259.5 69.8 3.71 167.2 93.4 55.8% 

PtCo-0.6 -0.70 332.7 83.5 3.98 199.8 126.4 63.3% 

PtCo-0.8 -0.67 253.4 82.1 3.08 149.0 120.9 81.1% 

PtCo-1.0 -0.62 156.0 61.3 2.54 91.9 76.1 82.8% 

PtCo-2.0 -0.57 65.4 20.8 3.14 49.7 39.6 79.7% 

PtCo-5.0 -0.55 55.4 18.1 3.07 25.4 20.8 81.9% 

OA-PtCo-0.8 -0.67 236.7 104.6 2.26 155.7 123.1 79.1% 

Less-dense 

OA-PtCo-0.8 

-0.69 287.3 120.7 2.38 181.7 145.3 79.9% 

 

 

 

 

 

Table S2 The calculated Rct values extracted from Figure S11f. 

Electrode PtCo-0.2 PtCo-0.4 PtCo-0.8 PtCo-1.0 PtCo-2.0 

Rct (Ω) 2.98 2.51 1.62 0.83 0.78 
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