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Most of the interstellar chemistry at the extremely low temperatures and pressures in dark 
clouds and prestellar cores is driven either by atoms hitting the surface of interstellar grains or 
by ion molecule reactions [1]. Ions are also found to play a role in warmer astronomical 
environments like hot cores, photon dominated regions, and active galactic nuclei [2]. In fact 
more than 20 molecular ions have already been identified in the interstellar medium (ISM) 
[3]. Laboratory experiments and calculations have provided values of individual rate 
coefficients needed for the implementations of astrochemical models, but much insight can be 
also gained from the study of the global kinetics in plasmas where relevant astronomical 
species are produced and destroyed. In the present work we investigate this type of plasmas. 
Specifically, we address the isotopic exchange in plasmas of hydrogen and deuterium, and the 
chemistry of protonated ions in plasmas of hydrogen with small amounts of nitrogen. 

A detailed diagnostics of low pressure hollow cathode DC discharges of suitable precursors 
(H2/D2 or H2/N2 mixtures) [4,5] is carried out by means of electrical probes, mass 
spectrometry, and optical emission spectroscopy. A kinetic model, including both gas-phase 
and surface chemistry is then used to analyze the experimental observations. Both, the steady 
state and the evolution of the various systems upon discharge ignition are considered in the 
study. The key role of H3

+ for the whole ion-molecule chemistry in the ISM [1], is also 
demonstrated in all the laboratory plasmas investigated. In the H2/D2 plasmas, no significant 
fractionation is found in the distribution of H3

+ deuterated variants at the comparatively high 
temperature (T ≈ 300 K) of our measurements, but some isotopic selectivity is found in the 
final H+/D+ ratio. In the H2/N2 plasmas (with N2 < 10%). The proportion of the protonated 
ions H3

+, N2H
+ and NH4

+ is found to be strongly dependent on the small, but appreciable, NH3 
amount formed through wall reactions. Ammonium tends to dominate the ion distributions in 
the plasmas and its prevalence is greatly enhanced with increasing NH3 content. Due to the 
very high proton affinity of ammonia, most protonated ions lose their proton upon collisions 
with NH3 molecules and yield irreversibly NH4

+. It is worth noting that the symmetrical 
ammonium ion has not yet been detected in the interstellar space.  
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