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Negative ions of aluminum, gallium, indium, and thallium were observed when electrons

interacted with molecules of halides of these elements.

These were the first observations of

negative gallium and indium ions. Negative ions of aluminum, indium, and thallium were
formed on the interaction of electrons with AICl3, InBr, and thallium halide molecules
through the resonance capture of electrons by molecules followed by the dissociation of the
latter into negative ions and neutral halogen atoms.

A.TOMS of B, Al, Ga, In, and T1, which belong to
group III in the periodic table, have one p-electron
in the outer electron shell; therefore, we may as-
sume that all these atoms have electron affinity,
i.e., they may form stable negative jons.[1]

B~ ions were detected by Branscomb and Smith
in a BF3 discharge;[zj Fogel’ et al. obtained these
ions by the double charge-exchange of B* ions in
various gases.[3] Blewett and Jones[%] investi-
gated the ion emission of hot Al,0s; they noted a
weak mass-spectrometric line representing nega-
tive ions of mass number 27 and ascribed it to
Al” ions. Ions of mass number 27 were recorded
also in the spectrum of negative ions emitted by
barium-oxide cathodes.[®] The existence of TI-
ions was established by Dukel’skii and Za.ndbergDj
by analyzing ions produced by a discharge in thal-
lium halide vapor.

The purpose of the present work was to find
whether it is possible to form negative Al~, Ge~,
In” and T1™ ions on the interaction of molecules
of halides of these elements with electrons. To
observe and identify the ions, we used a magnetic
mass spectrometer in which ions were recorded
by an open electron multiplier (with a threshold
sensitivity of 5 x 107! A per scale division). The
electron current in the ion source was 1—50 uA,
and the electron energy ranged from 0.1 to 100 eV.

Aluminum. It is difficult to identity Al™ ions
because aluminum is a one-isotope element. The
same mass number 27 may represent ions of

HCN™ and C,H; radicals, as well as CN~ ions con- .

taining C® or N'° atoms. CN~ ions are formed
easily by surface ionization and give one of the
strongest ‘‘background lines’’ in investigations of
negative ion spectra. A background line of mass

number 26 was also observed in our work.

We used AICl; as the working substance be-
cause it is least subject to dissociation in vacuum.
On the introduction of a vapor of this compound
into an ion source, CI7, AICI" and AlCl;, as well
as ions of mass number 27, were observed in the
negative ion spectrum.

The ion current, corresponding to the mass
number 27, increased when the AIC1® vapor
pressure increased. To check whether ions of
mass number 27 were Al™ ions, and not C,Hj,
HCN-, (CBN™"), or (C”™N')" ions, we investi-
gated the spectrum of negative ions formed on the
introduction into the ion source of vinyl cyanide
(acrylonitrile) C,H3CN. An intense line of mass
number 26 and a weak line of mass number 27
were observed in the same spectrum. The former
was much more intense and the latter much less
intense than the lines of the same mass numbers
observed on the introduction of AICl; vapor into
the ion source. When AICl; vapor and C,H3CN
vapor were introduced simultaneously, both lines,
26 and 27, were observed, but the intensity of the
27 line depended only on the vapor pressure of
AICl;, while the intensity of the 26 line depended
on the vapor pressure of C,H;CN. The results of
these control tests gave ground for believing that
the negative ions of mass number 27, appearing on
the introduction of AICl; vapor into the ion source,
were Al” ions. These were observed only over a
narrow range of electron energies (2—4.5 eV),
i.e., they were formed as the result of the reso-
nance capture of electrons by molecules.

Gallium. Negative Ga~ ions were observed on
the introduction of Gal; vapor into the ion source.
The identification presented no difficulties since

1086



NEGATIVE ALUMINUM, GALLIUM,

the relationship between the intensities of the lines
with mass numbers 69 and 71 corresponded to the
isotopic composition of gallium. The formation of
Ga” ions was observed at electron energies from
4 to 8 eV.

Indium. In~ ions were observed on the intro-
duction of InBr vapor into the ion source. The
lines of the two isotopes In!"® (4%) and In'?
(96%) were completely resolved by the mass
spectrometer. The figure shows the dependence
of the yield of In™ and Br~ ions on the energy of
the electrons interacting with InBr molecules.
In~ ions were formed only on the capture of
3.5—6.5 eV electrons by InBr molecules:
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Dependence of the yield of Br~ and In~ ions on the energy
of electrons interacting with InBr molecules.

InBr + e — (InBr) * — In~ + Br. The curve for
Br~ ions shows that, apart from the resonance
capture of 0—3 eV electrons, InBr molecules may
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be dissociated by electron impact into In" and
Br~ ions (this is represented by a part of the
curve in the 3.5—8 eV region).

Thallium. The introduction into the ion source
of TICl, T1Br, or TII vapor caused the appearance,
in the negative ion spectrum, of two lines corre-
sponding to the two isotopes of thallium with mass
numbers 203 and 205, with the same ratio of inten-
sities as in the spectrum of positive thallium ions.
The dependence of the negative ion yield on the
electron energy was studied in detail for thallium
halides and the appearance potentials of thallium
ions and of other positive and negative ions were
carefully determined. The results will be pub-
lished in a separate communication.

In conclusion, the authors express their grati-
tude to Professor V. M. Dukel’skii for suggesting
the problem and directing the present work.
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