1B18

TFUOEZTEDERRIGIZEDF VAN ZTREZ—TEAFVDEL
YLUKBEHE, *Dept. Chem., IIT Bombay
OFE)IHE", 22 k!, BEAEE', Mishra Saurabh?, G. Patwari Naresh?, ¢4 5!

Nitridation of Tantalum Cluster Cations by Successive Reaction
with Ammonia Molecules
oMasashi Arakawa', Kota Ando', Shuhei Fujimotol, Mishra Saurabh?,
G. Patwari Naresh?, Akira Terasaki'

! Department of Chemistry, Kyushu University, Japan
? Department of Chemistry, Indian Institute of Technology Bombay, India

[Abstract] We present reactions of free tantalum cation, Ta', and tantalum cluster cations,
Ta, (n=2-10), with ammonia molecules. The monomer cation, Ta", formed TaN,H," along
with two H, molecules released in the reaction with two NHz molecules. Two hydrogen atoms
remained on the cation, i.e., complete dehydrogenation did not occur; the oxidation number of
the tantalum atom reaches +5 upon formation of TaN,H, ", and hence no more dehydrogenation.
On the other hand, all the tantalum cluster cations reacted with two NH; molecules to form
Ta,N," along with three H, molecules released. Further exposure of the cluster cations, Ta,",
to ammonia showed that Ta,N,,H" and Ta,N,," are produced through successive reaction with
NH3; molecules; a pure nitride and three H, molecules are formed every second NH3; molecules.
The nitridation occurs successively until the oxidation number of tantalum atoms reaches +5.
These experimental results along with computational studies suggest that the progress of
nitridation is governed by the amount of electrons that can be donated from tantalum to nitrogen
atoms. The present study revealed that NH; molecules reacting with tantalum cluster cations
preferentially produce tantalum(V)-nitride cluster cations along with hydrogen molecules.
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Fig. 1. Mass spectra of ions resolution. The dashed black, dotted green, dash-dotted red, and dash-
produced in the reaction of Ta,  with  double-dotted blue lines indicate peaks assigned to Tas’, TasN,," TasN,,H",
NH; molecules under lower Pyys. and TastHz(NH3)+, respectively.



