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Molecules
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A aury
warigty of chemisal componds.

wag made of negatlve-lon production in 27 different molecules covering 3 wide
In nine cotipounda no iome wens Found,  For

g ather

& portnds rovgh Measrrements of the sppearanes potendials and relative abundance of the

ione are reported.  About 60 diferent ionization
Farmuetion of iona hy disrociative resonance attac

es are obaerved in 18 compounds.
ont i3 the Most coman process, but

there are meversal cases of ion pair formation and of attachwment without disseciation.
PerchlorylAuoride glves by Tar the grertess abundance and variety of jons,

1, Introduction

Experimental data on mase spectra of nepative
ionz |1, 2, 3, 4] are fragmentary and incomplete as
mmpareJ with the extensive volume of research on

oeitive ions. Thers are threo different mechanisme
¥ which negative lons can be formed by electron
collision.

1. Ion pair formation XY +e—Xt3+Y 4o,

2. Resonance attachment XY 4 e—-XY".

3. Resonance attachment with dissocietion XY te
—=X4+¥Y~.

In ion-pair formaticn the probability of ion forma-
tion: increasss with vol above the ionization
threshold in & mapner similar to that of simple posi-
tive ion formation. Inthe two resonance attachment
processes, jon formation ocours over & Narrow rango
oi voltage [5] at voltages ranging from 0 up to 10 v
or more. Thua a eurvey of negative-ion formation
in a compound requires repeated sweeps of the mass
specirum at voltaga intervals from zero up.
Prelimingry to a more detailed study of bond-
dissociationn encrgies and electron affinities of helo-
venated molacules, & survey has heen made of
pegative-ion production for a wide waciety of com-
pounds, and the results are reported in this paper.

« 2. Experimental Detaila

Moast of the mass spectra were obtained with & 150°
Consohidated masa spectrometer of 5-in. radius of
curvature with ita eireuits modifed for appesrance
potential messurements [3). Heversal of fields to
collect either positive or negetive lons was socom-
plished without difficulty, except that the d-¢ ampli-
fier showed marked ﬂjineanty for nepative-ion
carrents greater than 33107 amp. In a recont
experiment with CCL, a new 60% sector fleld inatru-
ment was n=ed, and, probably becauee of improved
means of focusing, some details were observed that
were unmeasurable with the 180° instrument. In
an experiment with (O, F; a tungsten filament coated

1 Figmrsa In brackets Indlols the Hlgmaluce: coferemeas ol b etd of Lhld Fopar,

with lanthanum boride was sybastituted for the pure
tungsten filament that 1= used rouiinely as an
electron source. This resulted in an ion acuree
temperaturs of about 150° C instead of 2507 C.,

egative jons formed by attachment CERREs
were first datected by repesated sweeping of portions
of the spectrum whils varying the electron energy
from O to 20 v, and negative ions formed hy ion-pair
processes were detected ot 100 v,  Data for iohiza-
tion-efficiency curvea were then obtained by varyin
the electron energy in 0.2-v steps from 0 to 20 v nug
in lorger increments up to 100 v. Curves were
plotted on & linear acale.

The relative efficiency for collesting negative ions
produced by resonance capture as compared with
positive ions depends eriticslly on the igemtm%
conditions, The collecting ciency of the 180
mass spectrometer has been estimeted by a method
used by Marriott and Craggs [2]. Lozier (8] made
measurements of the relative abundanee of itive
and negative ions from oxygen in a nearly field-free
gpace g0d found the ratie O j0+=0.04 at 35 7.
Thiz instrument gave a ratio of about 0.0125, and
the collecting efficiency i= taken to be 31 percant.

This paper reporia ohserved appearance potentials
without any correction for effects of contact poten-
tials and the slectric field aeross the ipmization
chamber. A comparison with published results in-
dicates that the correction would be less than 1 v.

3. Regults

Tabla 1 summarizes the data obtained for 18
compounds, Nine othere—diborane, B.H,; decabe-
rane, B, Hy,; triethylborane B{C:H},; ciimet.h}rl—
aminediborane, (CH,LNB.H,; sthana; 1-pentene;
benzene ; methyfAuoroform, CHyCF;; and 1 1-difluoro-
ethylene, CHy=0CF;; were also investigated. No
negative ions were observad for thess compounds
over an electron energy range from O to 90 v.

In table 1, column I pives the compound.  Column
2 lists the ions ohaerved in each compound.  Column
3 givea the appearance potentisle of the ions and,
after each entry, the letters (4} and {P) desipgnate
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resonance attachment processes and on pair proe-
easos, respectively, Column 4 gives the relative
nbundence of the negative iona, For attachment
processes the maxiraum of the resonance peak was
compared with the most sbundani posilive ion at
70 v, using the correction factor deseribed above for
relative ciency of cu]]ectingh negative ions, In
some cased the comparison with posilive ion abun-
danhes was Dot made and numbers in parenthesea give
the relative intensity of the different respnanee peaks.
Under “Remarks™ some published measurements of
ap earance potentials of jons in CO and Oy are

mded eze iodicate that the uncorrected
"i"R.ILI.BH- of a peatance potentials in colomn 3 are
within less ¢ 1vaof corrected valuea.

4. Discussion

Table 1 lizts 61 different lonization processes found
in the 1% compounds and moet of these involve dis-
sociative resomance captare. There sre only fiva
ion peir processea snd these are all of low abundance.
Resonance attachment withouvt disscciation jm ob-
served only in B;H,, #-CyFy, 2nd C,F,. In general
the relative abundance of neggtive jons 19 s

e.mgl with positive ions but the compound
ory]ﬂuorlda CIO,F, is a nolable exception. In
und there is 8 wide varicty of ions formed
by nt ment ahd thera are often several attach-
ment potentials for sach ioa. The teble includes
data on seven perflucrohydrocarbons and these show
wide wvariations in the negative lon spectra. In
CsFy only one jon of very low abundance appears
whereas in &ll the haaﬂer fluorocarbons & veriety of
iobs is found. It is of interest that in #-C,Fy; the
molecnle ion is large. In the positive ion spectrum
the molecule jon s nob obaerved.

Fiva compoumule containing boron were atudicd
et only in peniaborane, B;H,, were nogntive ions
found and in this case four different jons were ol-
Borved.

The fal]uwm§ distomic negative 1ons cannot bhe
formed by simple dssoaiation; (i~ from CCL,, FBr-
trom CsF.Br a2d O from ClONF

There are some published reaoamheﬁ on nerative
iohs of HOl and CCl,.  Gutbier and Nenert [B] find
appeacgnce poteotisle for C- from HC a6 0.8+ 0.3
av,4 +1 ev and 13.6 2 0.5 ev, the latter boing an ion
parr process. The jon pair process and the 4 +
resonance cotld not be found n this work although
measurements were made with both the 180° instro-
ment ahd the 607 instrument.

For COCl, Baker and Tate [10] give appeargnce
potentials of C1- a8 1.3 103, 53 0.6, and 12.4
£0.2 ev, which is consistenf with data of tabls 1 but
they find Cl,~ at 4.5 +1 and 17.0 +0.5 and small
%u of O~ and CClm. Craggs, McDowall, and

arren [11] find only ene capture peak for Ol nesr
& ev, and the ion pair process. In thiz research,
messurements with the 180° instrument showed only
the 0— appearance potential for C-.
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The discrepancies in experiments] resulis refect
some of the inherent difficultics in research on nega-
tive ione. One recognized difficulty is that the rela-
- tive intensity of sharp resenance peaks will depend
on the energy spread of the electron beam and, if
the sharp pesk 13 at & v, the fraction of alectrons of
nearly 0 ¥ m:}' be sthect to extrema variations.
Avother difficulty iz that negative iona freguently
have high kmat.m coergy, so that the efficiency of
collacting the ions is low and vaeriable, For these
reasons resealch on the reletive abundanee of nega-
tive ions is in a gualitetive stage of development.

Only a prelimin survey of the negative ion
apectra ia miven and further rescarch an some of the
compounds is now in progress. An apparatus is
bam% aegembled to study ion formstion with a

nesrly monocnergetic  clectron  beam  using  the
technique of Fox at al, [12]. This method should
materially reduce expemmental uncertainties in
agflenmnce potential measurements and afford valu-

information on bond encrpics and  electron
affinities.
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