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Fig. S1 TOF mass spectra for reactions of Ti306,7+, Ti40g’9+, and Ti5010,11+with a) He, b) CH4, and c)

CD,. Numbers m, n indicate Ti,,O, and m, nX denote Ti,,0,X" in which X = H, D, CD4, HCHy, etc.
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Fig. S2: TOF mass spectra for reactions of Zr203,4+, Zr30576+, and Zr407,gJr with a) He and b) CHy.

Numbers m, n denote Zr,,0," and m, nX denote Zr,,0, X" in which X = H.
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Fig. S3: TOF mass spectra for reactions of Hng,g+ and Hf204,5+ with a) He, b) CHy4, and ¢) CDa.

Numbers m, n denote Hf,,0,,” and m, nX denote Hf,,0,X+ in which X = H, D, CD..
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Fig. S4: TOF mass spectra for reactions of Nb205,6+, Nb4010,11+, and NbgO; 5,16+ with a) He and b) CHa.

Numbers m, n denote Nb,,0," and m, nX denote Nb,,0, X" in which X = H, HCH..
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Fig. S5: TOF mass spectra for reactions of TazO4,5Jr and T.':14010,11Jr with a) He and b) CH4. Numbers m,

n denote Ta,,0, and m, nX denote Ta,,0,X  in which X = H.
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Fig. S6: TOF mass spectra for reactions of M0206,7+ with a) He and b) CH4. Numbers m, n denote

Mo,,0," and m, nX denote Mo,,0,X " in which X = H.
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Fig. S7: TOF mass spectra for reactions of W03,4+, W206,7+, and W309,10+ with a) He, b) CHy, and c)

CD.. Numbers m, n denote W,,0,," and m, nX denote W,,0,X" in which X = H, D, CD4, HCH., etc.
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Fig. S8: TOF mass spectra for reactions of R6206,7+ with a) He, b) CHy, and ¢) CD4. Numbers m, n

denote Re,,0," and m, nX denote Re,,0,X" in which X = H, D.
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