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TECHNICAL REPORT /4/ ;

\

In 1970 we proposed a research project directed towards develﬁﬁment
of information that might lead to a method of scavenging electrons from
hot gases such as jet and rocket engine exhausts. 'The presence of
electrons in such hot gases interferes with communication to the vehicle
and it would be desirable to remove them. Such removal would almost

certainly have to be accomplished by attachment to molecules or free

radicals normally present or introduced into the hot gases. Unfortunately,

at the time there was relatively little infsrmation concerning electron
affinities of molecules and radicals or of the processes leading to the
formation of such negative ions. Our project, then, was directed towards
the study of such processes with a view to identifying those that would
lead to the formation of negative ions in the appropriate eneréy range
and of measuring the electron affinities of various important species. A
Cross sections would also be desirable to determine. Thus, it was
necessary from the beginning to develop some understanding of the rules
involved in the formation of negative ions and to measure the energies
at which eléctrons are attached to various molecular Specie;.

Since electrons do not attach directly to molecules, except in rare
instances, the practical formation of negative ions must involve the
process of dissociative resonance capture and the greater part of the

work done on the research project has involved studies of dissociative

resonance capture processes. A number of such reactions were known but
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in most instances it was very obvious that a great amount of excess energy
was involved. Thus, while we could measure the appearance potentials;
i.e., the minimum electron energy at which a negative 1on.1s formed from
a given molecule, it was often very evident that at least one of the
products of decomposition was highly excited. The only method available
to us for measuring this excess energy was to measure the translational
energy of the product ion. A technique for making such measurements had
been developed in our laboratory and our first effort was to develop a
means of applying this technique to negative ions. This was difficult
because the intensities of negative ions is normally much less than those
of positive ions. There was an advantage, however, in that with:
dissociative resonance capture processes the electron and its energy
remains with the system and thkus meaningful measurements of translational
energy as a function of electron energy was possible. We found, in most
instances, that translational energy increased linearly with electron
energy. It was thus possible to extrapolate the translational energy
curve to a thermal onset which would represent the energy of formation of '
the ions and accompanying neutrals in the ground, vibrational, rotational
and translational ene:g& states. In a number of instances one of the
products proved to be electronically excited. This was usually the
neutral partner but in one or two instances the negative ion proved to be
electronically excited.

As our techniques improved, it became possible to make meaningful
measurements on a considerable number of compounds that yielded an

abundance of negative ions. The electron affinities and electronic
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transition energies have been measured for a considerable number of
molecular species and these results have been included in several
publications. A list of these publications is attached. Note
that one paper has been accepted for publication but hasn't yet appeared
and a second has been completed but has not yet been accepted. One or
two more papers dealing with posifive ions are being prepared and will
shortly be submitted for publication. b

As a result of our studies, we have now determined a considerable
number of electron affinities not previously determined and have begun

to develop an understanding of the behavior of dissociative resonance

capture processes. This has been especially true of the relation of

molecular structure to the energy distribution in the products of reaction.

We think that this has been an important development and we hope
eventually to continue studies along this line. Although much remains
to be done in this field, we are encouraged to think that we have made

some very important developments with the support of the Navy.

J. L. Franklin 1/31/77
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“Electron Impact Studies of Tin Tetrahalides: SnCl,, SnBr, and SnI,,"
R. E. Pabst, D. L. Perry, J. L. Margrave and J. L. Franklin, Int'l

J. Mass Spectrom. Ion Phys. (accepted).

“Electron Impact Studies of the Tetrachlorides and Tetrabromides of Silicon
and Germanium,” R. E. Pabst, J. L. Margrave, J. L. Franklin (submitted)

"Negative Ion Electron Impact Studies of Arsenic Trihalides: AsF3, AsClj,
and AsBr3," R. E. Pabst, S. L. Bennett, J. L. Margrave and J. L. Franklin,

J. Chem. Phys., 65(4), 1550-1560 (1976)

"Energy Partitioning in the Products of Ionic Decomposition,” J. L.
Franklin, Science, 193, p725-732 (1976) ‘

“High Temperature Negative Ions. The Enthalpies of Formation of Gaseous
PbF3 and SnFy from Low-energy Electron Impact Studies,” S. L. Bennett,
J. Ling-Fai Wang, J. L. Margrave and J. L. Franklin, High Temperature
Science, 7, 142-151 (1975) : ]

"Negative Ion Electron Impact Studies of Titanium Tetrahalides,” S. L.
Bennett, R. E. Pabst, J. L. Margrave and J. L. Franklin, Int'l J. Mass
Spectrom. Ion Phys., 15, 451-461 (1974)

T

¢ 'ﬁhgative Ion Electron Impact Studies of Inorganic Halides. Niobium and

! Tantalum Pentachlorides,” J. L. Margrave, S. L. Bennett, and J. L. Franklin,
g J. Inorg. & Nuclear Chem., 37, 937-941 (1975)

1

"Interpretation of Dissociative~Electron Attachment Processes for Silicon
Tetrachloride," J. Ling-Fai Wang, J. L. Margrave and J. L. Franklin,
J. Chem. Phys., 61(4), 1357-1360 (1974)

“Low Energy Electron Attachment to Gaseous Chromium Oxides," J. Ling-Fai

Wang, J. L. Margrave and J. L. Franklin, J. Inorg. Nuclear Chem., 37,
‘1107-1110 (1975)

"High Tenperature Negative Ions. Electron Impact Study of Tetraatomic
! Phosphorus Vapor,"” S. L. Bennett, J. L. Margrave and J. L. Franklin,
1 J. Chem, Phys., 61(5), 1647-1651 (1974)

"Studies of the Energies of Negative Ions at High Temperature,” J. L.
Franklin, John Ling-Fai Wang, S. L. Bennett, P. W. Harland and J. L.
Margrave, Advances in Mass Spectrometry, Volume 6, p319-325 (1974)

: (Proceedings of the International Mass Spectrometry Conference, Edinburgh,
d Scotland, September 1973) :

“High Temperature Negative Ions: Electron Impact of As4Vapor,” S. L. Bennett,
J. L. Margrave, J. L. Franklin and J. E. Hudson, J. Chem. Phys., 39,
5814-5819 (1973)

R e

"The Enthalpy of Formation of Germanium Trifluoride," J. Ling-Fai Wang,
J. L. Margrave and J. L. Franklin, J. Chem. Phys., 60, 2158 (1974)
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"Interpretation of Dissociative-Electron Attachment Processes of Carbon
and Silicon Tetrafluorides,”" J. Ling-Fai Wang, J. L. Margrave and
J. L. Franklin, J. Chem. Phys., 58, 5417-5421 (1973)

"High Temperature Negative Ions: Gaseous Group III Fluorides," F. Petty,
J. Ling-Fai Wang, R. P. Steiger, P. W. Harland, J. L. Franklin and J. L.
Margrave, High Temp. Sci., 5, 25 (1973)

"Energy Distribution in the Products of Ionic Reactions," D. A. Bafus,
J. J. DeCorpo and J. L. Franklin, Advances in Mass Spectrometry, Vol. 5,
P 159 (Institute of Petroleum) (1971)

"Electron Affinities of the Halogen Molecules by Dissociative.Electron
Attachment," J. J. DeCorpo and J. L. Franklin, J. Chem. Phys., 54, 1885
(1971)

"Correlation of Excess Euergies of Dissociative Electron Attachment Processes
with the Translational Energies of their Products,”" J. J. DeCorpo,
D. A. Bafus and J. L. Franklin, J. Chem. Phys., 54, 1592 (1971)

"Dissociation Energy of F2," J. J. DeCorpo, R. P. Steiger, J. L. Franklin
and J. L. Margrave, J. Chem. Phys., 53, 936 (1970)

"Enthalpies of Formation of the Monohalomethyl Radicals from Mass
Spectrometric Studies of the Dihalomethanes," J. J. DeCorpo, D. A. Bafus
and J. L. Franklin, J. Chem. Thermodynamics, 3, 125 (1971)

"Energetics of Positive Ion Formation from the Arsenic Halidés,“ R. E.
Pabst, Mary C. Sharpe, J. L. Margrave and J. L. Franklin (in preparation)

"Energetics of Positive Ion Formation from the Group IV Halides," R. E.
Pabst, J. L. Margrave, J. L. Franklin (in preparation)
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