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Ion trap

“A single trapped particle floating forever at rest in free
space would be the ideal object for precision measurements”

— H. Dehmelt
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The ion trap depicted in Fig. 4 is the central part of an
apparatus which was described elsewhere [2, 3]. lons are

rf I rf 1I prepared in a separate ion source, mass selected and then
injected via the pulsed entrance electrode. They can be

,n'“f"n, stored for many minutes or even hours. In the absence of

- — | & —% target gas the mean decay time is only determined by reac-

"=+0" tions with the background gas the pressure of which is esti-

=11 _
sapphire mated to be below 10~ " mbar at Tjn = 10K. For the study
of reaction processes, target gas is added at a number
I “ mmr gas inlet density varying from below 10°cm™° to above 10"*cm 3,
i | ———cold head BY choosing a suitable combination of number density and
interaction time, the rates of rather fast as well as very slow
Fig. 4. Variable temperature 22-pole ion trap (rod diameter 1 mm, rod bimolecular reactions can be measured. The accessible
length 36 mm, inscribed radius r, = Smm). Tl;t rflclt‘mm:iﬂs I land i af: number density range allows us also to determine reliable
mounted onto the cold head using sapphire for electrical insulation an . .
good heat conductance. In the axial direction the ions are confined by elec- '[El'nﬂ.l"j:’ association rate coefficients and to IDIPEI'H'IE under
trostatic voltages applied to the two cylindrical tubes. These electrodes are cOnditions where the rate for three-body collisions becomes

operated in a pulsed mode for injecting selected ions on one side and for negligib[e and where radiative association pn:vaiis.
extracting all initial and product ions on the other side for analysis.
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Fig. 10. Time dependence of the mass composition of the ion trap content
after initial injection of Hj (7, = 10K, [H,] = 3.5 x 10"*em™?). Left
panel: p-H,, right panel n-H, . The spectra are in relative units, normalized
to the maximum. Note the difference in the storage times which are given
in ms. The two lowest mass spectra are in both cases already very close to
thermodynamic equilibrium. Their similarity is completely unexpected due
to the rotational energy which can be provided by the n-H,.

In the present experiment, Hy ions have been injected
into the 22-pole trap where neutral hydrogen was present at

a number density of several 10'*cm ™3, By ternary collisions
according to the reaction

3 "(Hy, +2H; > Hy * (Hy),.iy + H, )
Figure 10 shows a few selected mass spectra, recorded at
torage times up to 1.9s. the left panel is for p-H,, the right
one for n-H,. In both measurements the temperatures
and densities were identical (T, = 10K, [H,]=3.5
x 10'*em ~3). Note, however, the differences in the delay
times. A comparison of the two middle spectra again shows
that cluster formation is much faster with p-H, target. After
200 ms, most of the Hy already have reacted whereas, for
n-H, target and after 650ms, still a significant fraction of
the ions are Hy and HJ.

Inspection of the near-equilibrium distributions shows
that at 10K and at the given density of 3.5 x 10**cm ™3, the
H/ ion dominates. For symmetry reasons one would expect
that this cluster consists of an H; core and of 6 more or less
equivalent H, molecules as illustrated schematically by Fig.
11. However, the molecules are not necessarily confined to
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Fig. 12. D-H isotope exchange in hydrogen clusters. Small amounts of C
impurities {0.1%, 0.6%) lead to significant deuteration of the clusters.

A last point deals with the partial deuteration of the
hydrogen clusters. The dominant peaks in Fig. 11 are all at
odd masses and belong to clusters with a structure Hj -
(H,),. In addition there are some small peaks at even
masses. Although it is known, that clusters with an even
number of hydrogen atoms do exist, it is more likely that
these small mass peaks are predominantly due to D-H
exchange occurring in collisions with HD. This effect
occurring at low temperatures and called isotopic fractiona-
tion is due to differences in zero point energies and well-
known in interstellar chemistry, where certain molecules
have been observed to be enriched in heavy isotopes. For a
qualitative test we have stored Hy in the 22-pole and added
D, to the hydrogen target. As can be seen from Fig. 12,
already minor traces of D, lead to a significant shift of the
mass distribution towards higher masses. It is interesting to
note, that Hy and H: are only weekly affected, whereas the
higher clusters are significantly deuterated. The fact that
even mass numbers prevail can be taken as an indication
that the Hy core gets replaced by D3 . A quantitative inter-
pretation of these observations is handicapped by the fact,
that in experiments such as shown in Fig. 12, cluster growth,
deuteration and fragmentation take place in parallel.
Experiments with externally produced clusters are in
progress in order to separate these processes.
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