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Methane activation by tantalum and tungsten nitride cluster cations
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[ Abstract] Gas-phase reactions of tantalum and tungsten cluster cations and their nitrides,
MiNn™ (M = Ta, W; n < 6, m < 5), with methane were investigated at near-thermal energies.
Specific M, N clusters react with CH4 to form M N,CH," efficiently even under single
collision conditions. The reactivity of the bare Ta and W clusters decreases rapidly with the
cluster size, and Ta,Ny," are almost inert. However, most of W,Npn" (m > 1) are active for the
CH,4 dehydrogenation. These results indicate that the presence of nitrogen atoms improves the
reactivity of the bare W, clusters. In addition, we examined the reactions of some highly
reactive clusters such as W3N;™ and W,N" under multiple collision conditions and observed
the production of W, NnCoHy " and W4NC;Hg  via the dehydrogenation of CH4 molecules.
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MuNp "+ CHy — M N,,C™ + 2H, ()
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A RFEIE T Tan (2T URE 22D —C, TapNp (M >2)TIE TazNy &RV T
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IR FBIISIN I BI, 7 T AF =72 D & ZORISEHIHI SND Z EnbiroT-,
—. WoNTEn =2 2R\ CHE R & 72 SOSWERE 2~ L, FFiZn=3-5128B8W\ T
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Fig. 1. CH, dehydrogenation cross section of
Ta,", Ta,N", W,", and W,N" at the collision energy
of 0.2 eV.

Fig. 2. CH4 dehydrogenation cross section of
Ta N, and W,N,," (m > 2) at the collision energy
of 0.2 eV.

[ 2% 3CHK]
[1] K. K. Irikura and J. L. Beauchamp, J. Am. Chem. Soc. 113, 2769 (1991).
[2] S. Zhou, J. Li, M. Schlangen, and H. Schwarz, Angew. Chem. Int. Ed. 55, 11678 (2016).
[3] U. Achatz, C. Berg, S. Joos, B. S. Fox, M. K. Beyer, G. Niedner-Schatteburg, and V. E. Bondybey, Chem.
Phys. Lett. 320, 53 (2000).



