Mobility and reaction of drifting ions in cooled hydrogen gas
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The 1on drift tube technique has been widely used for the experimental investigation of mobility in
gases and ion-molecule reactions. [1] However, this method has yet to be applied to the 1on mobility
in cooled hydrogen gas, even though we can find several experiments on the mobility measurements
of ions in hydrogen gas at room temperature [2-4].

In this work, we measured the mobility of ions produced after the ion injections into a drift tube
filled with normal hydrogen gas at the liquid nitrogen temperature of 77 K using a very low-
temperature drift tube mass spectrometer [5, 6]. When we injected H>" ions into Ha gas, H3*, Hs",
H7*, and Ho" ions were observed, but H," ions disappeared due to the reaction with H> [7, 8]. In the
mobility measurements of H3*, Hs*, H7*, and Ho", all ions show almost the same values. Therefore,
we consider that the three-body association and collisional dissociation reactions might be in
equilibrium with proton exchange reactions [9].

On the other hand, arrival time spectra of Hs" split surprisingly two components in weak electric
fields. As the slow component shows almost the same mobility as other heavy ions, we consider
that this corresponds to the ground-state triangle structure. Therefore, the fast component will be
due to the lowest excited triplet state with a linear structure. If this interpretation is correct, this
result might be the first observation of /inear H3" in experiments.
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