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Examiner's Report on the PhD Thesis of Illia Zymak

Study of state selected interactions of ions with molecular hydrogen at temperatures
relevant to astrochemistry

The thesis presented deals with experimental investigation of selected ion-molecule reactions
using an ion trap capable of working at low temperatures. The reactions of nitrogen and
hydrogen ions with molecular hydrogen - both being of high importance in astrophysics - were
studied in details. The apparatus used allows one to work with well-defined mixtures of ortho
and para nuclear spin states of hydrogen, the ratio of which may differ significantly in cold
interstellar environment compared to normal laboratory conditions. As there are many open
questions concerning the kinetics and dynamics of studied reactions and satisfactory theoretical
models are still missing, the subject of the dissertation thesis is of high relevance. At first
glance, the quality of scientific work presented by Illia Zymak is best evaluated by reprints of
the five related publications in refereed journals that are attached to the thesis. It can be seen
that the issue studied belongs to an active area of research where novel scientific techniques -
like the ion trap used in this work - open up exciting new possibilities.

The PhD thesis itself is divided into four chapters. The theoretical introduction (Chapter 1)
contains information on the structure and formation of interstellar H.i1 and ammonia produced
in reactions of H4 and N* with molecular hydrogen in its para and/or ortho nuclear spin state.
Chapter 2 is devoted to detailed description of the experimental apparatus. The equipment used
for rate coefficient measurements is an extremely sophisticated state-of-the-art apparatus
consisting of several sub-units (ion source, ion guiding system, 22-pole trap, mass selective
detector, etc.) completed with an efficient UHV system. Chapter 3 describes a series of very
interesting and important test studies that are used to evaluate and calibrate the experimental
conditions present in the apparatus. In particular, the issues of the translational temperature of
confined ions and the fraction of ortho hydrogen in the para/ortho mixture are investigated.

Finally, in Chapter 4 the main experimental results of the work are presented. Rate coefficients
of N* and H+ reactions with hydrogen were measured at temperatures ranging from 10 to 100 K
and with changing ratio of para/ortho hydrogen. The observed temperature dependence of the
N+ reaction is fitted with a series of state selective Arrhenius type rate coefficients taking both
the fine structure of N+ and the nuclear spin state of H2 into account. Based on an advanced
kinetic model also the relaxation coefficients for collisional fine-structure transitions are
evaluated. In case of the associative reaction of H+ with HI the radiative and ternary channels
were distinguished by changing the concentration of hydrogen at different conditions
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(temperature and para/ortho HI ratio). The observed temperature dependence of radiative and
ternary rate coefficients was fitted with linear functions for the case of para-enriched and
normal hydrogen. All the results presented in Chapter 4 can be considered as original and of
high relevance for astrochemical and theoretical calculations.

In general, the presented explanation and discussion of experimental results is rather short,
which can be attributed to the large amount of data. One can get better understanding of the
results by reading the attached papers. The thesis is well structured with very nice appearance
and with moderate level of English. Unfortunately, there is a large amount of minor
discrepancies in the text (e.g. page 13: title of Chapter 1.5; page 27: figure 2.4.1. and 2.4.2
mismatch; page 52: reference Plasil 2010 missing; and others).

Related to the development and optimization of the 22-pole rf ion trap I have the following two
questions:

1) Thermalization of ions in the 22-pole trap (complicated by rf heating) is discussed in
several chapters throughout the thesis. Figure 2.2.4. on page 23 demonstrates the
optimal setting of the rf power (amplitude) for minimizing the effects of: i) loosing ions
at low rf voltages and ii) heating them at high rf power. I assume in "ideal" case the
curve shown should have a plateau near the minimum, which is not clearly observed in
Figure 2.2.4. This indicates that the rf voltage chosen remains a compromise between
the two counteracting negative effects. Is it possible (just theoretically) to operate the
22-pole ion trap at lower rf power and to correct the observed decay curves for the extra
ion losses (like the diffusion in flow tube experiments)? The advantage would be the
lower rf heating. In addition, can "evaporative" type of ion cooling work in the 22-pole
trap when the rf power is decreased'/

2) The laser induced reaction of N2 ions with Ar described in Chapter 3.1.1 is an elegant
way of measuring absorption spectra inside the ion trap. The sensitivity of the method is
probably extremely high. What is the estimated absorbance of the laser beam (at the
center of typical absorption lines) while passing through the optical trap? Please
compare it with the detection limit of high sensitivity optical methods (e.g. cavity ring-
down spectroscopy).

The answers given to these questions will not affect my overall positive judgment. The
submitted work demonstrates that Illia Zymak is well prepared to solve scientific problems
independently and so I fully recommend that his thesis will be approved for award of the PhD
degree.

Kosice, 5th August 2013


