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Mass Spectrum of Sulfur Vapor

Paul Bradt, Fred L. Mohler, and Vernon H. Dibeler

The mess apectmm of sulfor vapor hes bech micasured by evaporating salfur from &

heated tube dicestly inko the jonization chamber of & maas apectrometer.
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hin enggesta that the vapor in the jonizatbon chambor ia a

Tangin
puted [com the 35 jona.
and 53402 cloattron volts.

Ioane 8 with =
[actope abundances were con-
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1. Introduction

Tlhe maes spectrum of sulfur vapor hee been studied
in conuection with a progrem to establish reference
aamples of naturel isotopic abundamce [1].0 While
one aobjactive of this study was to check the isptope
ratios and the chemical purity of the reference sample,
the taas=s spectrum and the appesrance potontials are
of rescarch interest.  The molecular weight of sulfur
vapor indicates thet the vapor in equiliboum with
sulfur at 175% C iz predomioantly Sy [2]. Thi= iz a
relatively unstabie configuration, and in the presence
of an electiic discharge an S; band spectrnm is
obgerved [3]. The vibretion =enies and predissocip-
tion apeetra give with some uwneertointy o volua of
4.4 ev for the 3; hond energy, indicating that 5, is
quite stable.

2. Experimental Procedurs

The sulfur from the reference=ample stock is virgin
sulfur from a dome in Wharton County, Tex. a
sulfur-vapor pressure i3 too small to rmmensure the
msass gpectrum ot room  temperature, and the
meazuraments were made by evaporating the sulfur
from a heated tube into the jonization c]gamher of a
60" mess apectrometer. A few milligrams= of coarse
powder were held in a capillary tuba with & thermo-
couple in contact with the tube. This in turn was
in & G-momn tube, wlieh extended about 2 em to the
entrance port of the ionization chamber. The jon-
ization chamber reached a temperatura of 136° C
during operation, and the sample attained a steady
temperature of 84° C by heat conduction and radia-
tipn, This preved o be a convenient temperature
for recovding the spectrum.

Sulfur dicxide was made by burning the sulfur in
air, and the mass E.Eent.rum of 30, and the air oxygen
wae measured with p 150° gas-analysis mass spec-
trometer. ‘This is the conventional method of meas-
uring aulfur-ieotope abundances,

1 Figuren In brackets indicate the literature refarances st the end of thie peper.

3. Results
3.1. Masz Spectrum

Table 1 gives the principal ioua observed in the
mazs spectrum of sulfur vapor. Column 3 gives the
relative abundanee of the ions ¥ whereas column 4
gives the manojsotopic speetrum. It is the sum of
the isptope peaks in each 3, group relative to the 5,
wns taken as 100. The rather complicated 1sgto
strueture identifies ]l these jons as predomipan
singly charged jons, except for the following: Mass 16
from S5+ was 0.05 percent of the 64 peak in a spec-
trum where OF from O. and C(h was nepligible,
Mass 32% from S85%+ was 0.06 percent of the 64
peak, ond i= about 4 percent of the 65 peak. Hence,
duubijr chargad ions of mass 64 contribule 4 percent
to the 32 peak. A peak at mass 830 from 577 is
(.04 percent of the 64 peale

Impurities that cen be secrihed to the sulfur rather
than the mass-spectrometer background sre volatile
gases, which decrease with time. H5% renged from
1.2 to 0.15 percent of the 64 peak, and C5F was 0,13
to 0.07 percent. A 48 peak ranging from 317 to
o.02 pement-bmagzhe S0* from S{k. The molecule

¥

int1 masked ¢ would be nbout twice the SO+
peak.
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3.2, Isotope Ruatice

Sulfur has four isotopes of sbundance 5%, 05.0;
B8, 0.,76; 5%, 4.2; 5%, 0.014 (see table 2}. The
relntive intensity of the isotope peaks in a molecule
containing » atoms csn be expressed formally by
means of the » powsr of the expresaion,

%+ 0,52+ aS%+ a5,

where the ¢’s are abundances relative to that of 5 as
unity, but the 5 terms sre chemicel eymbols, not
algebraic terms. Thus the izotopes of &, give the
terms:
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‘Clollecting terms of equal-tnass numbers vives the
relative intensities of the &; jon= 83 listed in colymn 2
of table 2. Becauss of intensity and resolution, the
8, 10ms are best edapted to deriving isctope retios,
and mass peaks 64, 64, 66, and 68 were used to deter-
mine @, &, and g;. Five successive slow seans of
the 5; pesks under steady conditions gave the rela-
tive intensities listed 1o colummn 3, where uncertaio-
ties listed are the maximum spread of the data,
In thess measurements the 64 peak waa abowt 5,600
seale divisiong on the most fensitive scale, and a
emall drift in the 64-peek height was corrected by a
linagr interpolation ie tha positions of the meas-
ured peaks on the record. The fourth ecolumn pives
the derived relative abundanees.
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Table 3 givez pereontage sbundances from dats
of tehle & and values derived from the mass spectrum
of B0, made from this sulfur. The correction for
() isotopes was bascd on messurements of the air
oxygen nsed in meking 0., The (ahle also incluodes
published values from 30, speetrs.

The 5; ione are not favorable for the computation
of a;, for the contribution of 2¢; to the 63 peak is
ooly 1§ poreent of the ¢f term. A source of un-
certainty in evaluating oy from the 85 peak ariscs
from the possibility that & trace of S may ba
present, The eomparative values of table 2 give no
evidenee of this.

TaBLE 3. Sulfur-daslope adyndonces
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2.3. Appearance Potentials

Some measurements of appasrance potentisls were
made to ses whether or not 8 was a fragment ion
from & iomization. The experimental conditions
were not woll adapted to aeeurate messurementa,
The ion-repeller voltage was kept rather high to
maintain esensitivity, and there were irregularities
in the current-voltage curves that may come from
aurfaca charges on rbed sulfur. Mercury vapor
was introdeced with the sulfur vapor, and the ap-
pearance potentials of sulfur jons were measured
relative to that of Hg* (spectroscopic velue 10.34
ev} [4]. Measurements arc based on semilog plots,
with current plotted on & seale to maks the 10n cur-
rent ab 50 v nnity.  Values of the appasrance po-
tentlals a6 an ordinate of 0.003 of the current at
50 v are: 3 50102 evend 5F 83+02ev. Varia-
tions in the elopes of the current-voltage curves
give some added uncertainty. Some meazurements
on 51 indicete an appearance potential rouphly 2 v
higher than 5§ and 8. A =earch for negative jona
gave negative resulta, bui there was no ba=e to
appraise the sensitivity for pegative-ion detaction.

4. Discussion

The fact that the appearance potential of 8 is
somewhat less than that of 5% oate that 5
molecules are present and 8.3 ev is the ionization
potential of 5,. Ionization resulting in & pair of
positive and negative iona could give fragment iong
at an appearunce potential less than the ipnizetion
potential of the Sy molecule, but there is no evidenca
that this ceeurs.  As vapor in the ionization chamber
is gt & pressure less than 107¢ mm and &¢ & tcmpera-
tura of 186° (), dissocintion of S; into the relatively
stable %; molecule is not unexpected. The mass
gpectrum of sulfor vapor given in table 1 is probably
to be interpreted as the spectrum of 5 mixture of
moleoules.

The appearance potentials ere unexpectedly low.
Smyth and Blewett [7] reported &n appearance (Em-
tentiel of 10.7+0.3 ev for 3¢ from thermally dis-
sociated OF;, as ¢compared with 8.3 ev found in this
work. An ionization potential of S, lower than that
observed by Smyth and Blewett is suggested by
analogy with ;. The ionization potential of O 18
13.61 ov |[4] nnd that of O, 13 12.2 ov [8]. A= the
jonization potential of S is 10.36 ev [4], the ionization
potential of S, is expecied to be conaiderably lower
than this, not slightly Ligher as reported by Smyth
and Blowatt,




The isotope ratios of sulfur are fairly consistent
with pyblished valyes, as i3 evident in table 2, but
there 18 considerable variation in izotope sbundances
of aulfur. Thode and his colleagues [6] have made
an intensive survey of relative abundances of 3 in
sulfur from verigue sourees and find values ranping
from 4.39 to 4.19 percent, with a value of akout
4.20 percent reported for native sulfur from the
saIne region 89 the reference aample.

WasHINGTON, May &, 1858,
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