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?’:: I. Research Status

;' A. Introduction

1 This report contains a summary of research in molecular physics conducted under
} AFOSR grant 80-0218 during the period 15 June 1983 to 14 June 1984. The research
; was done in the Department of Physics at the University of Arizona by faculty and
‘_ staff of the Department of Ph.ysics and Optical Sciences Center.

‘:‘: During the past several years, we have used time-of-flight methods to measure the
$' velocity distribution of metastable and ionic fragments from molecules diésociated by
P electron impact. We have concentrated on hydrogen-containing molecules and have
‘-: observed H(2S) metastable atoms and H*, |".|.2"’, and H3* ionic fragments, The H(2S)
.: metastable fragments are detected by quenching in an electric field followed hy
v obser;vation of the resulting Lyman-a radiation. The ions are detected in a large-
04

entrance-aperture lens system which focuses ions onto a channel-electron-multiplier.

This ion detector can be used in conjunction with a mass filter,l developed in this

om 7

BN

laboratory, which uses a time-dependent potential barrier to obtain a separate velocity

spectrum for each ion mass.

e,

: Completed experiments include investigation of both the "slow" peak? and the
"fast" peak3 in the kinetic energy spectrum of H(2S) fragments from electron
3 bombardment dissociation of H;. Other published experiments include an investigation
vy of ionic fragments from dissociation of H,, D,, and HD,% and a study of H*, Hy*, and
" Hs* fragments frem methane, ethane, methanol, and ethanol,’ ;
?. Current research will be described in the following sections.

Nad

B. Dissociation fragments from the hydrogen halides

~

: This experiment has been completed and a paper is being prepared for submission to
:: the Journal of Chemical Physics. This experiment was the subject of the Ph.D.
dissertation of Bruce Kittams who obtained his degree in July 1984. An abstract for
‘. 3 the paper is given below.
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Time-of-flight and kinetic energy distributions were obtained for H*
fragments resulting from electron bombardment of HF, HCL, HBr, and HI
at electron energies between 21.2 and 51.2 eV, Several distinct features
were observed in these spectra for each molecule and the corresponding
threshold electron bombarding energies were obtained. Some of those
features are proposed to originate from dissociation of HX* which is
excited by removing an inner o shell electron in the corresponding

molecule. Results from recent (e,2e) experiments support this proposal.

C. Dissociation of H,+

Considerable effort was made in the past -year in an attempt to measure the kinetic
energy spectrum of protons from the electron bombardment dissociation of the
molecular ion Hy*, Although this attempt was ultimately unsuccessful, we will describe
here the motivation and the methods used.

The first and only reference to the measurement of the proton kinetic energy
spectra from electron impact on Hp* is that of Caudano and Delfosse in a conference
presentation in 1969.6 Previously, Dunn and Van Zyl7 had calculated the proton kinetic
energy distribution assuming the validity of the first Born approximation while Zare®
and Peek? had provided the formal theary of electron impact dissociation of Ho*,

Some analysis of the Caudano and Delfosse results were given in 1971 by Peek and

Green, 10"

Since the early 1970s, the proton kinetic energy spectra from electron impact on
Hj* has been virtually ignored in both theory and experiment. However, much progress
has been made in measuring cross sections for various electron impact processes with

Hz*, notably the series of papers by Peart and Dolder,11 Progress has also been made

in the field of photodissociation of Hy+ (see, for example, Van Asselt, Maas, and Losl2),
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L A schematic diagram of the experiment is shown in Fig. 1. Ho+ was produced by
. electron impact ionization of Hy using a 0.1 usec pulse from an electron gun capable of
.'Q
o
¥ '.:J delivering a direct current of over 10 mA at 100 V. This gun is called the source qun,
s
_:'.3 The unwanted protons from the initial impact of neutral H, were blocked from the
b
| ‘ detector by a conical electrode to which a 1 usec "cleaning" voltage pulse was applied.
A
:;‘ Since the Hp* produced by the source gun has a thermal distribution of velocities, in

principle, there is enough Hy* in the interaction region so that following the cleaning

pulse, a second electron gun called the "probe" can be pulsed through the interaction
9 4

e

3 region to dissociate the Hy+  protons from the dissociation of Ho* then drift through a
: 12-cm field-free time-of-flight region into a 0.27 steradian collection cone between 17
o and 24 degrees in the forward direction. Protons from the dissociation of Hy* are then
‘:EE focussed into a Channeltron detéctor by a cylindrical mirror lens. The source gun must
\ : be operated at energies well below 18 eV to avoid dissociation of residual neutral Ho.
.h After numerous attempts, this experiment has been abandoned because of
;;'.,E extremely low counting rates and background problems.

X

2

.'\ D. Coincidence detection of H(25) and H* from dissociation of H>

;:: We are presently. attempting to detect, in coincidence, F{2S) and H* fragments
Ry ‘which move in opposite directions from an interaction region where an elect.on beam
‘J . crosses an H, gas target. There are at least two known excited, dissociating states of
., Ho* that come apart yielding these two fragments. We hope to eventually be able to
":::' measure the kinetic energy distribution of these fragments using our usual time-of-
.'. flight method.

‘Sg We have constructed an experimental arrangement which has oppositely directed
.:. flight paths extending from a central interaction region. Preliminary tests are
» underway,

3
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dissociation of sz and HZS at electron energies from 20 to 50 eV, We are using our
computer-controlled electron gun to measure threshold bombarding energies for

observed features in the kinetic energy spectrum. Examples of preliminary data are

shown in Fig. 2.
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Dissaciation of H,O and HJS

4

We are well underway on a study of proton kinetic energy distributions from
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FIGURE 1 6
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