UNCLASSIFIED
y_— 4

W 4212

Reproduced
by the

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED



NOTICE: When govermment or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
cbligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in axy way
supplied the said drewings, specifications, or otbher
data is not to be regarded by implication or other-
wise as in any mammer licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way dbe related
thereto.



Report No. 3
Scientific Report

Electron Attachment of SeFG*
By
F. N. Mastrup

Contract No. AF 19(604) -7985
Project - 7673
Task - 76731

Prepared for:

Geophysics Research Directorate
Air Force Cambridge Research Laboratories
Office of Aerospace Research
United States Air Force
Bedford, Massachusetts

PHYSICAL ELECTRONICS LABORATORY
Physical Research Division

SPACE TECHNOLOGY LABCRATORIES, INC.
8433 Fallbrook Avenue
Canoga Park, California

8967-6003-RU-000

*Submitted for publication in the Physical Review

on June 30, 1961.




-

-l SER S e i e e e peeaf pemaf ey

W R A s e R 1t o o e

-~
[

e
H

P -t ~ i

8967-6003-RU-000

NOTICE

Requests for additional copies by Agencies of the
Department of Defense, their contractors, and other
Government agencies should be directed to the:

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

Department of Defense contractors must be established for
ASTIA services or have their "need-to-know" certified by
the cognizant military agency of their project or contract.

All other persons and organizations should apply
to the:

U. S. DEPARTMENT OF COMMERCE
OFFICE OF TECHNICAL SERVICES
WASHINGTON 25, D, C.



S —_— .

APPENDIX I



ey

8967-6003 -0 -000

Electron Attachment of 80!6*
F. N. Mastrup
Space Technology Laboratories, Inc.

Canoga Park, California

The electron attachment cross section of SOFG has been
measured as a function of electron impact energy in the
range from 0.1 eV to 1.5 eV. At electron energies between
0.1 eV and 1.0 eV, the experimeatally observed dependence of
the capture cross section of SQEG on electron energy indi-
cates a relationship to the fundamental vibrational fre-
quencies of the molecule. Experimental evidence can be ex-
pPlained assuming that, in the indicated energy range, electron
capture by s.r6 occurs preferably if simultaneous excitation
of the neutral molecule into one of the vibrational states .
of one fundamental mode is energetically possible. The
magnitude of the capture cross section depends on the excited

vibrational state. A relatively large cross section was

*This work was supported by the Geophysics Research
Directorate of the Air Force Cambridge Research Laboratories,

Air Force Research Division.
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obtained for every alternate state accompanied by a general
decrease towards higher levels. The absolute size of the
electron attachment cross section of acrs in the energy
range of 0.3 eV - 1.0 eV fluctuated between 2 x 10~16 cu?
and 1 x 10726 ca?. Around 1.5 eV dissociative attachment
was observed.

INTRODUCTION

During recent years formation of negative ions has re-
ceived considerable attention because of its intimate rela-
tionship to atmospheric physics and to some plasmas of low
and moderate temperatures. The purpose of this paper is to
discuss experimental results recently obtained in our labora-
tory on the formation of negative ions of Se!'6 by collisions
with electrons having energies 'n the range from 0.1 eV -
1.5 ev.

In dealing with problems connected to electron deple-
tion processes, one of the quantities of interest is the
electron attachment frequency vg Per electron. In a phenom-
enological description this frequency may be written as

Vg = Bn + Kn? (1)
where 8 and K are two-body and three-body coefficients of
eliectron attachment respectively, and n the density of elec-
tron attaching particles.

This paper deals ‘with attachment through two-body

collisions, i.e., with the two-body coefficient 8. The



latter is a function of electron energy E and electron
energy distribution f(E)dE encountered in the particular
plasma considered. In a statistical description, the coel-
ficient 8 can be deduced from the more general parameter,
the electron attachment cross section o‘(l) with respect to

a monoenergetic, unidirectional swaram of electroms of energy E,

@
B = G'v°>“ - ({ o, (E) (2:/-:,)1/2 2(E)dE , (2)
m, = electron mass Ve electron velocity.

Equations (1) and (2) serve to define both 8 and o‘(B)
if the densities are sufficiently low so that the attachment
frequency Va is dominated by two body processes. The cross
section % will be measured in cmz.

For polyatomic molecules it has been observed (Refs. 1
and 2) that quite frequently negative ion formation in the
gaseous phase occurs preferably by direct attachment rather
than by dissociative attachment, as is generally the case
for electronegative diatomic molecules (Refs. 1, 3, 4, and 6).
The term dissociative attachment is used for electrom cap-
ture followed by dissociation of the molecule into a neutral
and negatively charged fragment. Direct attachment is the
process of formation of a negative ion preserving the in-
tegrity qf the parent molecule (Ref. 1).

It has been assumed (Ref. 1) that this behavior might
be due to a much longer lifetime t of an intermediate state
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formed initially on electron capture than is generally the
case in diatomic molecules. This would allow the polyatomic
negative ion to dispose of itg excess energy in a secondary
process, either a collision or a photon emission, before the
surplus energy is again restored to the excess electron.

In this paper, results on experimentally observed elec-
tron attachment cross sections of SeF6 are presented. This
molecule was chosen for investigation because it belongs to
a very interesting group of chemicals with respect to elec-
tron attachment, the hexafluorides of the sulfur group, SFG,
SeF6 and Ter. The interesting characteristics of this
group might be listed in order of their importance as:

(1) large known direct electron capture cross section for one
member of the group, SF6, (Ref. 2); (2) the extremely high
symmetry properties of their molecular structure. The equilib-
rium positions of the seven nuclei are arranged such that the
six fluorine atoms occupy the corners of a regular octahedron
(Refs. 7 and 8) with the heavy nucleus at its center. This
symmetry resembles that of the oh point group. The first charac-
teristic, large electron capture cross section for SFG, sug-
gests a study of corresponding properties of the other mem-
bers of the group as compared to SFG, and their possible
relationship to specific molecular properties. The second
feature, high symmetry, makes this group particularly desir-~
able for investigation because it facilitates a theoretical
treatment of the problem. It might therefore be expected
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that the hexafluorides of the sulfur group are particularly
suited for a combination of theory and experiment to develop
& physical understanding of electron capture by polyatomic
molecules.
METHOD
Experimental Requirements

Any experimental investigations of electron attachment
cross sections are intimately connected with the experimental
production of swarms of electrons at low and very low
energies which becomes increasingly difficult as one proceeds
to lower energies. Low energy electrons are needed because
of electron capture by neutral molecules in the gaseous
phase occurs only at very low electron impact energies. More-
over, the measurement requires the swarm to beunidirectional
and monoenergetic. The two latter requirements are very
difficult to satisfy in the electron energy range of interest
and consequently one or both conditions must usually be vio-
lated. In addition, magnetic fields are very often used to
guide the electrons. Consequences of such violations of the
basic requirements to be imposed on a suitable'experiment
according to the definitions, Eqs. (1) and (2), are not easy
to judge and they should by no means simply be ignored. It
is quite clear that the presence of a magnetic field affects
the properties of the electron swarm and might therefore
influence its interaction with electronegative molecules.
This could become particularly serious if the investigated
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molecules possess a permanent magnetic dipole moment as does,
for example, 02. Apart from magnetic fields, disturbing
effects might result from other collision processes or if
there are undesired interactions of the experimental pro-
cedure with the attaching gas. 8Such interaction might, for
example, occur if the electrons are generated by photo-
emission and the necessary radiation field is allowed to
1nte?act with the attaching gas.

:Besides the szbove mentioned considerations which
determine the principal feasibility of a chosen method,
there are others, not less critical, but relating more to
experimental questions. The most important is that of
resolving power with respect to electron energy. Another
is beam intensity. The resolving power necessary depends
largely on what kind of questions are to be answered by the
experiment. If only relatively crude, gross effects are
desired a resolution of the order of 0.1 eV is quite ade-
quate. It allows one to locate maxima for electron capture
cross sections on an energy scale sufficiently accurate for
most purposes, and to answer questions concerning the total
electron capture properties of a gas as a function of mean
electron energy For more pretentious questions, much
higher resolving power is desirable. To resolve possible
vibrational structure, resolutions of the order of
0.01 eV - 0 1 eV or better are needed and rotational struc-
ture would require even more. Just as is the case for
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other cross sections, a detailed knowledge of the energy
dependence of the electron capture cross section might be
very essential for future comparison between thepry and
experiment, and devices of highest attainable resolving
power should therefore be employed.

Electron beam intensities in connection with other per-
tinent parameters of the particular experiment determine the
sensitivity. High electron beam currents result usually in
high sensitivities. It should however be stressed that
electron beam densities should always be chosen to be small
compared to space charge limitations. At low electron ener-
gies, this condition imposes critical limitations. Further-
more, sensitivity and resolving power are to a certain degree
incompatible with each other so that in the design of a par-
ticular experiment these two parameters must be carefully
traded for each other depending on the particular require-
ments. However, resolving power should always be given the
first choice because loss in intensity can quite often be
compensated for by a suitable sensitivity increase in ion
detection techniques.

Experimental Technique

The technique used in these experiments is a retarding
potential method. It has been used quite frequently in a
very similar form in previous studies on formation of posi-

tive and negative ions as well (Refs. 2, 5, and 9).
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The principles and limitations of this technique have
Leen discussed elsewhere (Ref. 5) and we can therefore con-
fine ourselves to a fundamental discussion.

The essential part of the experimental apparatus is the
attachment tube which is sketched in Fig. 1. It is mounted
inside a cylindrical evacuated tube. A beam of thermal
electrons, emitted from a tungsten filament is traveling
along the axis through an arrangement of apertures. Total
electron beam currents are kept in the range of

=7 _ 107 amp. In order to provide a proper amount of

10
collimation, an axial magnetic field of about 140 oe, gener-
ated by a solenoid, is used. It is mounted externally
approximately coaxial with the attachment tube. Precise
adjustment of the magnetic field is accomplished by two sets
of Helmholtz coils arranged in a way to render the axes of
all three magnetic fields mutually perpendicular. The
retarding potential is applied to the beam at one of the
apertures. After the beam has passed this barrier, it con-
tains, under ideal conditions, only electrons having kinetic
energies greater than the potential applied. This beam is
then brought into interaction with an electronegative gas

in the cylindrical reaction chamber. The chamber is limited
by two end plates, each containing a hole to allow the elec-
trons to enter and leave the chamber and by cylindrical

grid electrically connected to the end plates. This arrange-
ment secures a region nearly free of electric fields at the



axis. The ion collector surrounds the grid on the outside.
All the electrons which entered the chamber and did not
interact with electronegative molecules are collected after
they passed through the exit aperture, giving. rise to the
measured electron current. Those electrons which do interact
are assumed to form negative ions. The latter are, due to
their large mass, not collimated by the magnetic field.

Very small electric fields at points off the axis aid in
guiding the ions to the ion collector where their current is
measured. Negative ion currents are in the range from

102 - 107! amp. Electrons which suffer elastic collisions
in the chamber or inelastic collisions not leading to elec-
tron capture are assumed to be not capable of leaving the
beam because of the collimating magnetic field. On the other
hand, an appreciable number of such collisions would change
the energy distribution of the beam electrons. Pressure con-
ditions are therefore chosen as to make sure that only a
small percentage, in the experiments less than 10 percent,

of beam electrons experience a collision of any kind in the
reaction chamber. All experiments are done at pressures
between 5u Hg and 40y Hg measured by a McLeon gauge. The
length of the chamber is 1 cm. The important apertures are
kept as small as feasible. This results in a gain of energy
resolving power at the cost of sensitivity. Since materials
with exceptionally large electron capture cross sections

are being investigated, such a sacrifice is advisable.
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Now let

(7/4) 42N £(E)dE

be the number of electrons per unit length in the energy
range E, E + dE contained in the unidirectional beam enter-
ing the attachment chamber. N is the total electron den-
sity in the beam before it is subjected to a retarding
potential or attaching agents and d is the beam diameter.
The number of electrons per unit length in that same energy
range leaving the chamber after interacting with the elec-

tron attaching gas is

2 -0, (E)nL
(#/4) d N e £(E)dE

and the corresponding contribution to t he total measured

electron current 1e(E)dE

-c_(E)nL
di, = ie(E)dE - (t/4)d2Ne(2E/m°)1/2e & £(E)dE amp (3)

e = electronic charge
n = density of attaching gas
L = length of attachment chamber
If all electron losses from the beam are due to elec-
tron attachment and all negative ions are collected on the
ioun collector, then the difference between the current
entering and leaving the chamber i: (E)dE and ie(E)dE must

be measured as negative ion current in(E)dE. That 1is
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i = 1 (B)AE = [12(E) - 1, (E)] dE = (2/4)d%Ne

-o_(E)nL
(2E/m_) 1/2 [1 . @8 J f(E)dE amp (4)

The measured quantities are the total electron and ion
currents as a function of retarding potential which are ob-
tained by integrating Eqs. (3) and (4) over the appropriate
energy range. To derive the attachment cross section from
the experimental curves they are numerically differentiated

with respect to the energy. The ratio

din/dE - din i (eoa(E)nL
die/dE die

- 1)% o (E)nL (5)

The basic overall experimental arrangement is shown in

Fig. (2) The gas, SeF,. compressed into the liquid phase,

6
was supplied by Allied Chemical Corp., General Chemical
Division:. It was introduced into the vacuum system by a

variable leak. The SeF_. pressure in the attachment chamber

6
was measured and controlled by a thermocouple gauge and a
McLeod gauge.

The variable retarding potentials, supplied by a saw-
tooth generator, and the negative ion and electron currents

were measured and recorded after proper amplification on a

multi-channel recorder. All measurements were carried out

in two fashions. 1In one series of experiments all quantities
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were measured on a dc basis. In another series, the elec-
tron beam was chopped by a 1,000 cps square wave generator.
This gave both electron and negative ion currents a square
wave form. With proper narrow band pass filters the 1,000 cps
components were selected and measured. Both series of ex-
periments revealed essentially identical results, Care was
taken in all experiments to cancel contact potentials by
properly applied voltages as far as possible.

The applied technique has some inherent shortcomings.
Since the electron beam is not monoenergetic and magnetic
fields must be used for collimation, two of the principal
requirements for an ideal experiment have been violated.
Interference from undesired effects can therefore not be
ruled out summarily. Measures have been taken to keep
those interferences at a minimum, as, for example, applica-
tion of very low gas pressure. Since the investigated mole-
cule has no permanent magnetic dipole moment, the presence
of a magnetic field should cause no difficulties from this
point of view, However, its influence on the motion of the
electrons might cause difficulties if other collisions occur
with comparable cross sections. The fact that the electron
beam is not monoenergetic makes the gas interact with an elec-
tron assembly essentially different from the one used for
the definition of the electron attachment cross section
°a(E)’ Whether this might influence the obtained cross sec-

tional values must be left open. Since the electron beam
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is not monoenergetic a varying retarding potential must be
applied. This makes it possible to extract the desired
quantity by differentiating the measured currents with re-
spect to the retarding voltage (Eq. 3). From an experimental
point of view this is a highly undesirable situation because
it is well known that in doing so small errors in the mea-
surements might lead to large errors in the results. There-
fore, considerable care must be exercised in the experiments
to overcome this disadvantage.

Apart from these more principal difficulties there are
others which are related mostly to the achievement of a pre-
cise low energy cut-off. The resolving power of the device
depends a great deal on how well defined this limit is. The
obstacles encountered in solving this problem and also the
establishment of a reliable energy scale in the range of
interest are mostly due to inhomogeneities of contact poten-
tials at the apertures and to undesired voltage gradients,
We shall not discuss this point any further since it has
been extensively treated. (Refs. 2,4,5, and 6.) |

in spite of the disadvantages of the technique, the
relative simplicity and dependability when compared to other
available methods to measure electron attachment cross sec-
tions makes it ore of the best methods known. Results might
be expected to be quite adgquate with a few restrictions
which must be answered by applying other methods in the

future.
=13~
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_ EXPERIMENTS
It has already been pointed out that a precise low energy
cut-off of the electron energy distribution in the beam is
essential for the method. Whether this condition is satis-
fied can easily be tested. As is well known, the total
thermionic emission as a function of retarding potential AV

is given by
log J = log Jg - (5040/T) AV (6)

J8 is the saturation current and T the absolute temperature.
Figure (3) shows a semi-logarithmic plot of the measured
electron beam current as a function of retarding potential.
These measurements were obtained after careful cleaning of

the attachment tube. The close agreement between theory and
experiment shows that the low energy cut-off must be very
well defined. Under operating conditions, the electron energy
distribution usually becomes distorted because of changing

and nonuniform work function due to impurities. This is not
particularly serious as long as the low energy cut .-off re-
mains well defined. Nonuniform fields at the retarding poten-
tial aperture reasult in a loss of definitioﬁ in the barrier
voltage, and, consequently, in a decrease of resolving power.
Whether large nonuniformities exist at the retarding poten-.
tial aperture was tested in the following way. With no
attaching gas in the tube, the thermionic energy distribution

can be measured in two ways. Either the potential barrier

-lda




is applied to the retarding aperture, or directly to the
plane electron collector keeping the retarding potential
aperture at the same potential as the rest of the tube.
Both methods should result in the same electron energy dis-
tribution. The measurements in a tube which had been ex-
posed to the investigated gas confirmed this within suffi-
cient 1limits. Therefore, it can be assumed that the low
energy cut-off produced at the retarding potential barrier
remains reasonably sharp even after the attaching gas has
been admitted to the tube.

The zero point of the energy scale was determined by
applying a small voltage to cancel the contact potential
difference between the emitter and the first aperture. This
potential can be found as the voltage at which the thermionic
current just starts to be effected with an energy uncertainty
of at most 0 2 eV, VWe preferred this method over others
reported in the literature (Refs. 2 and 5) leaving the abso-
lute energy scale up to a different more precise experiment
which is being developed in our laboratory.

The experimentally obtained cross sections for SeF6 as
a function of electron energy has been plotted in Fig. (4).
The cross section data were derived from the experimentally
determined electron and negative ion currents using Eq. (5).
The density of SeF6 was found by measuring the pressure with
a McLeod gauge and assuming the gas temperature to be equal

to the room temperature,
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DISCUSSION

The experimental cross section plotted in Fig. (4) can
be divided into three parts.

At very low energies a steadily increasing capture cross
section with decreasing electron impact energy has been ob-
served. However, it should be emphasized that its true
behavior gets progressively more uncertain as zero energy is
approached because of methodical limitations. We shall
therefore put little emphasis on this part in our discussion.

The most striking pattern in the observed energy depend
ence of this electron capture curve is a very pronounced
structure at medium energies between 0.2 eV and 1.0 eV, The
energy separation of the peaks is very slightly increasing
from 0.1 eV at the high energy end to about 0.115 eV at the

1and 930 cm'1 wave

lower energies, corresponding to 806 cm”
numbers.

Another peak, the third part, is observed at Ehe high
energy end of the investigated range around 1.5 eV,

In order to understand the general behavior of the
electron capture cross section of SeF6 an attempt was made
to relate the observed structure to the molecular propcrties
of the molecule,

It is generally agreed now that SeFG, like the other
hexafluorides of the sulfur group, has the structure of a

regular octahedron (0h point group) (Refs. 7 and 8). The

heavy selenium atom is located at the center of the
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octahedron and the six fluorine atoms are yrouped around it
occupying the corners. The wave numbers of the six funda-
mental frequencies characteristic to this symmetry are given
in Table I,

Since the observed peaks in Fig. (4) are about equally
spaced the participation of vibrational states of funda-
mentals is suggested in the electron capture process. Com-
parison with Table I shows that the normal frequency Ve
agrees best with the observed separation., The energies of
the vibrational states of this fundamental as derived from
Raman spectroscopic data are approximately giQen by

he vg(vy, + 1/2) ; vg =787 em™> ; v, = 0, 1, 2, ...
vy - vibrational quantum number. At the high energy end

1 agrees to within better

than 3% with the required value of 787 cm-l. The measured

1

the measured separation of 806‘cm°
spacing increases to about 930 cm =~ with decreasing energies.
This discrepancy could be due to increasing disturbing effects
at the retarding potential aperture, as the repelling voltage
is lowered., This point requires further investigation with
refined techniques. Nevertheless, it seems highly probable
that this part of the electron capture cross section is
related to a process in which excitation into vibrational
states of one fundamental mode of the neutral molecule

during the electron impact is important. We might there-

fore label this process as vibrational capture. The energy

relationship can, in this case, be written as
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Egyn =X~ = he v (vy = v) =E; 1>k, (7
xkin is the kinetic energy of the impact electfon,,k? the
(negative) binding energy of the excess electron in the
ittached state and E the surplus energy.

From the experimental observations and assuming Eq. (7)
to be valid it can be concluded that attachment occurs

preferably if the surplus energy E becomes zero, i.e.,

In this case all the liberated energy cah be used to excite
a level of one fundamental frequency. It is probably justi-
fied to set Ve = 0, corresponding to excitation from the
ground state. The higher order peaks would then correspond
to excitation into higher vibrational states., It is quite
in agreement with expectation that the size of the individual
peaks should generally decrease with increasing energies,
since the transfer of many vibrational quanta in a single
collision can be expected to become less likely as more
quanta are involved. This is reflected in the general de-
crease of the maxima of the measursd electron capture cross
sections towards greater electron impact energies. The
peculiar fact that every second peak appears to be quite
small is not yet understood.

In the discussions of the vibrational structure of the

capture cross section of SeF6 we have for simplicity so far
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assumed that one fundamental mode is distinguished from all
othurs, This assumption does not necessarily follow rrbm
the experiments. As can be seon from Table I the funda-
mental frequencies of SeF6 cluster into three groups (Table II),
The resolving power of the device used in the experi-
ments is not adequate to distinguish between members of an
individual group. Therefore, each individual peak observed
might represent a whole group of closely spaced peaks, It
is clear that if excitation of several frequencies is con-
sidered Eqs. (7) and (8) must be modified appropriately,
Excitation of more than one fundamental frequency could
be employed with appropriate assumptions to oxplain the ob-
served alternation of capture cross section amplitudes for
alternate peaks. There is, however, another fact which
might be regarded as support ior the assumption that a
variety of fundamental frequencies can be excited following
electron capture. Contrary to the measurements on SeFG,
reported in this paper, a smooth dependence of the attach-
ment cross section on clcctron impact energy has been re-
ported for SF¢ (Ref. 2). This behavior becomes quite plausible
on this basis if one considers the fundamental frequencies of
SF6 as compared to SeFG.
It can be seen immediately from Table III (Ref. 8) and
Fig. (5) that the fundamental frequencies of SF6 arc almost
uniformly distributed over the range from 300 cm—l - 1000 cm'l,
whereas in the case of SeFG, they show a grouping tendency

(rig. 5).
-19-



Consequently, the dependence of the capture cross sec-
tion on electron energy for SF6 would be expected to be
resembled by a large numbexr of closely separated peaks al-
most uniformly distributed over the energy range of interest.
Employing a device of only moderate resolving power would
feign a smooth energy dependence, as has been observed
(Ref.‘z). For SeF6 the arrangement of the normal frequencies
in grouﬁs would indeed result in clustering of large numbers
of individual peaks in a regular manner as it appears in our
experiments,

At very low energy, a considerable increase in attach-
ment cross section is found. This is in agreement with mea-
surements on SF, (Ref. 2) reported in the literature., Dis-
pite some uncertainty in the actqal numerical values due to
methodical limitations, as pointed out before, the steep
increase is probably real, This can be deduced directly
from the measured electron and ion currents. The'alope of
the electron current as a function of decreasing electron
energy close to zero energy approaches zero slope much
faster than the corresponding slope of the negative ion
current, The explanation could be that this large peak
corresponds to excitation into the first vibrational state
where only a single vibrational quantum is transferred. It
is quite clear that measurements of higher accuracy at very

low electron energies are needed.
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At the high energy end of the range investigated
around 1.5 eV, a small peak has been found. It is believed

that it corresponds to dissociative attachment
89!‘6 + 6 — 89!’5 + F

or other dissociative products,

?1n111y it should be mentioned that due to.the con-
struction of the tube, transit times of negative ions
generated in the attachment chamber are of the order of
10'5 sec, Therefore, conclusions drawn from these experi-
ments are not necessarily valid for negative ions of much
longer or much shorter lifetimes.

It is believed that the measurements reflect the rela-
tive energy dependence of the electron capture cross section
quite well., The absolute values‘night have uncertainties of
as large as 30%. The energy scale is, apart from the uncer-
tainty of the absolute zero point by about 0.1 eV, likely to
be accurate to within 10-20%. In particular slight non-
linearities are expected to have influenced the energy
scale.

CONCLUSIONS

From the experimental evidence prese‘ted on the energy
dependence of the electron capture cross section of SeF6 it
can be concluded that excitation of vibrational levels on
electron capture can be of importance. At the low pressure
applied it is unlikely that the observed vibrational struc-
ture is feigned by other collision processes but such an
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interference cannot be wholly excluded, Since the traansit
time of negative ions generated in the tube ade of the

order of 10~°

sec experimental results refer to negative ions
having lifetimes of this order or greater,
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Table I

Fundamental Wavenumber
Frequencies cm-1
Vz 662
V3 405
AP 245
Vs 461

Normal Frequencies of SeF. (Ref. 8)

Table II
Group
I Vls V2: VG
II v3» Vs
IIT Vg

Grouping of Normal Frequencies of SeF6
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Table IIIX

Fundamental NavenETbor

Frequencies om
vy 715
2 645
v3 525
Vg 363
Vg 617
Ve 965

Normal Frequencies of SFg¢ (Ref. 8)
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EMISSION CURRENT (AMPS)
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FIGURE 3

ELETRON BEAM CURRENT AS A FUNCTION OF RETARDING VOLTAGE IN
EVACCUATED ATTACHMENT TUBE
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