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STUDIES IN HIGH PRESSURE
MASS SPECTROMETRY
Andreas J. Illies, Ph.D.
University of Nebraska, 1982

Adviser: Gerhard G. Meisels

High pressure mass spectrometry has been used to
study various phenomena involving gaseous ions. A major
portion of this work dealt with the design and develop-
ment of a new hybrid drift tube-ion source. It employs
coaxial geometry between the electron entrance aperature
and the direction of ion drift and uses two field shaping
rings to produce parallel equipotential lines throughout
the ion drift region. 1Ion residence time distributions
determined for this source are in good agreement with
calculated residence time distributions; thus the source
can be used to measure ion mobilities. The temperature
of this ion source can be varied from 160-470 K. The
well-defined electric fields in the ion source along with
the temperature variability make this source particularly
suitable for the study of ion-molecule equilibria and
ion-molecule association reactions. The coaxial geometry
also allows the determination of the initial spatial

distribution of ion formation inside the ion source as a
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function of the ionizing electron energy; it is obtained
by correlating the residence times of the ions with their
point of formation. Integrating the spatial distribution
to the point within which a given fraction of the ioni-
zation has occurred yields the "ionization range" Ry
which is similar to the range measured by electron

penetration through absorbers.
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CHAPTER 1

INTRODUCTION

Mass spectrometry has been used since the early
1950's to study the kinetics and mechanisms of ion-mole-

1-4  1n the

cule reactions occurring in the ion source.
mid-1960's mass spectrometers were modified by providing
increased pumping speeds at the ion source housing as
well as differential pumping between the ion source hous-
ing and the analyzer, thus permitting ion source pressures
of ca. 1 torr.s-9 When ion source pressures are increased
in this manner, the primary ions formed by electron impact
undergo reactions with the neutral molecules in the ion
source. Study of these reactions as a function of ion
source residence times and neutral gas pressures yields
ion mobilities, and ion-molecule reaction rate and equi-
librium constants. Considerable effort has been expended
by many research groups in the study of these fundamental
aspects of ion chemistry in the gas phase.g_14
An outgrowth of high pressure mass ‘spectrometry
(HPMS) is chemical ionization mass spectrometry (CIMS)
which was first described by Munson and Field in 19666 and
has since developed into a very powerful analytical tech-

13-15

nique. In CIMS, the sample molecules (50.1%) are

ionized by chemical reaction with reagent ions which are
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