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with Nitrogen Doped Rutile TiO.
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Cathode catalysts without platinum group metals (PGMSs) or carbon supports can reduce
the price of polymer electrolyte fuel cells in automobiles, making them commercially
competitive. However, existing PGM-free all-oxide catalysts without carbon support have
shown moderate current densities at the order of yuAcm=2. In this study, nitrogen-doped
rutile TiO; catalysts were synthesized without carbon supports to exhibit the current density
which is three orders of magnitude higher. Replacing commercial carbon support by
hydrothermally synthesized Ti, O~ significantly enhanced the activity to be close to that of
carbon-supported platinum. An oxygen vacancy, which has been believed to be an active site
for nitrogen-free oxide catalysts was revealed necessary to form active site (s) on this novel
nitrogen-doped rutile catalyst. Phosphor atoms were further doped into the rutile TiO; to
produce another new active sites without alternating the number of oxygen vacancy. The
ORR mass activity was successfully enhanced by more than double with P>*-doping.
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Fig.1 RDE voltammograms of TiF,-derived TiO,N, catalysts prepared by pyrolysis at four different
temperatures: (a) 800C, (b) 950C, (c) 1000, and (d) 1050°C, The scans were performed in N
and O, atmospheres, with the rotation speed of 1500 rpm at a scan rate of 5 mV s 1in 0.1 M
H,SO,. The catalyst loading was 2.00 mg cm2.
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Fig.2 X-ray photoelectron Ti 2p and N 1s spectra of TiO,N, catalysts prepared by pyrolysis at four
different temperatures: (a) 800C, (b) 950C, (c) 1000C, and (d) 1050C.
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Fig.3 RDE voltammograms of TiF,- and Ti,O-derived TiO,N, catalysts synthesized under identical
conditions. The scans were performed in N, and O, atmospheres, with the rotation speed of 1500
rpm at a scan rate of 5 mV s ~ 'in 0.1-mol dm ~* H,SO,. The catalyst loading was 2.00 mg cm™2.
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Fig.4 RDE voltammograms of phosphor and nitrogen co-doped rutile TiO, on TiN catalysts with five
different Rp (i) 0.0, (ii) 0.2, (iii) 0.35, (iv) 0.5 and (v) 1.0. The scans were performed under
N.and O, atmospheres, with a rotation speed of 1500 rpm and a scan rate of 5 mV s~ !in 0.1-mol
dm~3 H,S0,. The catalyst loading was set constant at 0.86 mg cm~2 except for (i), 1.00 mg cm2.
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