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Electrochemical measurements:

(1) Cyclic voltammetry (CV) measurements. CV measurements were conducted in N,
saturated 0.5 M H,SO, solution at a scan rate of 50 mV s!. The electrochemically active
surface area (ECSA) of catalysts was calculated using eq.1 and eq.2:!

ECSA =Qu/(m X q) (1)
Where Qg is the under-potentially deposited hydrogen charge, m is the loading amount of
metal, and qy is the charge required for monolayer adsorption of hydrogen on a Pt surface,

which is assumed to be 0.21 mC cm™.
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Where I is the current, E the potential, v the scan rate.

(2) Oxygen Reduction Reaction (ORR). ORR were test in O, saturated 0.1 M HCIOy4
solution at 5 mV s, and the scans rate of stability measurements were 50 mV s™! between 0.6
V and 1.0 V. The transfer electron numbers per oxygen molecule in the ORR was determined

by the K-L equations as follows:?
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where j is the measured current density, j; is the kinetic current density and w is the angular

velocity of the disk (w=2nN, N is the linear rotation speed).
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where n represents the overall number of electrons gained per oxygen, F is the Faraday
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constant ( F=96485 C mol!), Cp; is the bulk concentration of O, (1.26 X103 mol L'!), D, is
the diffusion coefficient of O, in 0.1 M HCIOy electrolyte (1.93 X 10-3 cm? s!), v is the kinetic

viscosity of the electrolyte (1.009 X 102 cm? s).

(3) CO stripping voltammetrys. The CO stripping measurements were also finished in 0.5
M H,SO, solution. After the solution was purged with pure N, gas for 20 min, high purity CO
was bubbled into 0.5 M H,SO, electrolyte solution at 0 V for 15 min. Then, remove the
remaining CO by bubbling pure N, gas into the electrolyte for 30 min, and continuous CVs

were measured at a scan rate of 50 mV s-!, where the first one was the CO stripping process.

Results and discussion

The low magnification SEM image in Figure S2a show that the pure platinum nanotubes
are uniformly grown on titanium plate substrate and possess obvious array morphology,
which are highly similar to the PtP NTAs. The magnified SEM image in Figure S2b shows
that the surface of pure Pt nanotubes is rougher than the PtP alloy nanotubes, especially at the
top. This may be due to the absence of phosphorus resulting in the uneven deposition of Pt on
the ZnO nanorod surface. The typical hollow tube projection in Figure S2¢ clearly confirms
the successful synthesis of pure platinum nanotube arrays. Moreover, a careful inspection of
the structure of the pure platinum nanotube in Figure S2¢ indicated that there are many dark
dots dispersed onto the surface of nanotubes, suggesting that these nanotubes have a rough
tube wall structure. The observation is consistent with the SEM images mentioned above. A
higher magnification TEM image in Figure S2d reveals that the pure platinum nanotubes are
consists of the homogeneous overlapped nanocrystals, similar to the PtP NTAs. The structural
details of the pure platinum nanotubes were further investigated by high resolution TEM, and
the results are shown in the Figure S2e-f. It can be clearly seen that the Pt nanocrystals are
closely connected each other without obvious interface, especially in the raised portion of the

tube-wall surface (Figure S2f). This result indicated that the addition of phosphorus not only



as an alloying constituent, and can significantly affect the microstructure of the nanotubes.
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Figure S2. (a-b) SEM images of the Pt nanotube arrays. (¢) TEM images of the Pt nanotube arrays. (d-e)
HRTEM images of the Pt nanotube. (f) HRTEM images of the red arrow points part in (c).
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Figure S3. XRD pattern of the PtP nanotube arrays.

10004

=TT

15

Energy (keV)

Figure S4. EDX profile of the PtP nanotube arrays.

20




1]3 oF
\| —wnitial ORR ,| —Hitial ORR
“'[ —— After 10,000 cycles “'[ ——After 10,000 cycles
S 2l < ol
! Pt NTAs £ PUC
£ el
5} a -5} b
03 04 05.06 07 08 09 10 03 04 05.06 07 08 09 10
E/V (vs.RHE) E/V (vs.RHE)
1.0F 1.2F
0.5} Pt NTAS 0.6}
% ool ool
Tos| 206
“aoll/) — 10t eycle "‘1'2_' —10th cycle
LY —10,000th cycle C | 4st'V —10000th cycle d
'1 .5 = 2 P 2 N N I I I
2 00 02 04 06 08 10 12

00 02 04 06 08 10 1
E/

V (vs.RHE)

E/V (vs.RHE)

Figure S6. ORR polarization curves before and after 10,000 potential cycles between 0.6 V and 1.0 V for
(a) Pt NTAs, and (b) Pt/C (JM) in O,-saturated 0.1 M HCIO,. Cyclic voltammogram curves for the 10™ and
10,000 cycles of (c¢) Pt NTAs, and (d) Pt/C (JM) in N,-purged 0.5 M H,SO, (Pt loading for Pt NTAs,

commercial Pt/C are 112 pg cm?2, 28 ug cm2, respectively.).



