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Accurate rotational frequencies of deuterated 
Ammonium ions (d1-d3) measured in a cryogenic ion trap
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Two of the most abundant nitrogen-bearing molecules in the interstellar medium are N2 and NH3. Their 
protonated ions NH2

+ (diazenylium) and NH4
+ (ammonium) can provide critical information on inter-

stellar chemistry.  While N2H+ has been observed in many different sources, and it is, in fact, used as a 
proxy for N2, NH4

+ being non-polar, cannot be observed through its rotational transitions.  Neverthe-
less, it is predicted to be very abundant, since the proton affinity of NH3 is very high, and it remains 
stable against collisions with the abundant H2.  However, deuterated variants of NH4

+ (d1-d3) do pos-
sess small permanent dipole moments, and could be detected via rotational transitions.  In fact, NH3D+ 
has been detected in space in Orion IRc2 and in the cold core B1-bS through its transition JK=10-00 [1].  
At the time of its detection, there were no laboratory data on the rotational spectroscopy of NH3D+ 
and the rest frequency was derived from an analysis of the high resolution IR spectrum of the ν4 band 
[2].  The frequency was confirmed later by an accurate direct measurement in the mm-wave in a cryo-
genic ion trap in the Cologne laboratories [3].  In order to provide accurate rest frequencies for the oth-
er polar isotopologues, experiments have been performed in a cryogenically cooled ion trap using the 
state-dependent attachment of He atoms to ions as an action spectroscopy technique.   Improved 
frequencies for NH3D+ as well as first direct measurements for NH2D2

+ and NHD3
+ (guided by recent 

work by the group of D. Nesbitt [4]) have been obtained.


