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Mass Spectrum of Sulfur Vapor 
Paul Bradt, Fred 1. Mohler, and Vernon H. Dibeler 

The mass spect rum of sulfur vapor has been measured by evapo ra t ing sulfur from a 
heated t ube directly in to t he ionization chamber of a mass spectrometer. I ons S;; wit h x 
ranging fro m 1 to 8 are observed with St most ab unda nt. I sotopc abundances were com­
p uted f rom t he S;- ions. The appearance potentials of S: and St are respectIvcl.v 8.9 ± 0.2 
and 8.3 ± 0.2 electron volts. This suggests t hat t he vapor in t he ioni zat ion chamber is a 
mixture of molecules co ntaining S2 a nd S8 and poss ibly other molecules. 

1. Introduction 

The mass spectrum of sulfur vapor ha s been studied 
in connec t ion with a program to establish reference 
samples of natural isotopic abundance [lV . While 
one objective of this study was to check the Isotope 
ratios and the chem ical puri ty of the reference sample, 
the mass spectrum and the appearance potentials arc 
of research interest. The molecular weigh t of sulfur 
vapor indi cates that the vapor in equilibrium wi th 
sulfur at 1750 C is predominan tly S8 [2] . This is a 
relatively unstable configuration, and in the presence 
of an c'Iectric dischluge an S2 band spectrum is 
observed [3]. The v ibration series and predissocia­
tion spectra. give wi th some uncertain ty a value of 
4.4 ev for the 82 bond energy, indica ting tlla t S2 is 
quite stable. 

2 . Experimental Procedure 

The sulfur from the reference-sample stock is virgin 
sulfur from a dome in vVhar ton County, T ex. The 
sulfur-vapor preSS Ul'e is too small to meaSUl'e the 
mass spectrum at room temperatl~re , and t.he 
m easurements were made by evaporfl tmg the sulfur 
from a heated tube in to the ioniza Lio n chamber of a 
60 0 mass spectrometer . A few milligrams of coarse 
powder were held in a capillary tube with a thermo­
couple in contact with the tube. This in turn wa s 
in a 6-mm tube, which extended about 2 cm to the 
entrance port of the ionization chamber. The ion­
iza tion chamber reached a tempernture of 1860 C 
duri l1g operation and the sample attained a steady 
temp erature of 94 0 C by heat conduction and radia­
tion . This proved to be a convenient temperature 
for recording the spectrum. . 

Sulfur dioxide was made by burning the sulfur 111 

a,ir, and the mass spectrum of S02 and the ail" oxygen 
was measured with a 1800 gas-a nalysis mass spec­
trometer. This is the co nventional method of meas­
Ul'ing sulfur-isotope abundances. 

1 Figures ill brackets intlicate the litcratlll'e references at th e end of this papC!'. 

3 . Results 

3 .1 . Mass Spectrum 

Table 1 gives the principal ions observed in the 
mass spectrum of sulfur vapor . Column 3 gives the 
relative abundan ce of the ions S~2, whereas column 4 
gives the monoi sotopic spertrum. It is the sum. of 
the isotope peaks in each Sx group relative to the S2 
ions taken as 100. The rather complicated isotope 
stru cture iden tifies all these ions as predominan tly 
singly charged ions, except for th e following.: l\1ass 16 
from S++ was 0.05 perce n t of t lte 64 peak m a spec­
trum where 0 + from O2 and CO2 was neglig ible. 
~lass 32}~ from S328 33++ was 0.06 percent of the 64 
peak, ancl is abou t 4 percen t of the 65 peak. Hence, 
doubly charged ions of mass 64 co ntribute 4 percent 
to the 32 peak. A peak at mass 80 from St+ is 
0.06 percent of the 64 peal\:. 

Impuriti es that ca n be ascribed to the sulfur ]'atl~er 
than the mass-spectrometer background arc vo latIle 
gases, which decrease wit,h time. H 2S+ ranged from. 
1.2 to 0.1 5 percen t of the 64 peak, an d Cst WfiS 0.13 
Lo 0.07 percent. A 48 peak rangi ng from 0.17 to 
0.02 pOl'cent ma~T be 80 + from S0 2. ' l ~he molec:ule 
ion masked by St would be about LWlce the SO+ 
peak. 

l' ABLE 1. Jlr ass spec/nl1n oj sulfur vapor 

mle Ion 

32 ______________ S 32 
64 ___ ___________ S~2 
96 ____ __________ S32 

3 
128 ___ __________ S:' 
160 _____________ S~' 

192 _____________ S~' 
224 _____________ S~' 
256 ____________ _ S~2 

R ela tive 
intensity 

1:3. 5 
100. 0 

4. 7 
8. 1 
5. 2 

3. 2 
O. 3:3 
5. .J. 

Monoiso­
topic spec­

trL1m 

12. 8 
100. 0 

5. 0 
9. 0 
6. 1 

3. 9 
O. 43 
7. 3 
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3.2. Isotope Ratios 

8ulfur has four isotopes of abundance 832, 95.0 ; 
833 , 0.76 ; 834 , 4.2 ; 836, 0.014 (see table 2). The 
relative intensity of the isotope peaks in a molecule 
containing x atoms can be expressed formally by 
means of the x power of the expfession, 

S32 + a1 S33 + az834 + a3836, 

where the a's are abundances relative to that of 832 as 
unity , but the 8 terms are chemical symbols, not 
algebraic terms. Thus the isotopes of 82 give the 
terms: 

83ZS32 + 2a1 832S33 + 2az83Z834 + ai833833 + 2 a1 az S33835 + 
2a3S32836 + a§834834 + 2a1 a3833S36 + 2aZa38HS36 + a~836S36. 

Collecting terms of equal-mass numbers gives the 
relative intensities of the 8z ions as listed in col umn 2 
of table 2. Because of intensity and resolution, the 
S2 ions are best adapted to deriving isotope ratios, 
and mass peaks 64, 65, 66, and 68 were used to deter­
mine ai, az, and a3' Five successive slow scans of 
the 82 peaks under steady conditions gave the rela­
tive intensities listed in column 3, where uncertain­
ties listed are the maximum spread of the data. 
In these measmements the 64 peak was about 5,600 
scale divisions on the most sensitive scale, and a 
small drift in the 64-peak height was corrected by a 
linear interpolation to the positions of the meas­
. med peaks on the record. The fourth column gives 
the derived relative abundances. 

TABLE 2. I sotope abundances and relative intensities of 82 ions 

mle R.elative Observ ed Derived ralat ive 
intensities intensities abundances 

64 ____ ___ 1 ------------65 _______ 2a, O. 01596 ± 7 al= O. 00798 ± 4 
66 _______ 2az+ a; 08897 ± 20 a,=O. 04445 ± 20 
67 _______ 2a,az --------- ----------- -68 _______ 2a3+ a~ 00228 ± 2 a3= 0. 00015 

69 _______ 2a,a3 --------- ----- ---- -- -70 ___ ____ 2aZa3 - - ------- ------ - -----72 _______ a~ -- - ------ - --- ------- -

Table 3 gives percentage abundances from data 
of table 2 and values derived from the mass spectrum 
of S02 made from this sulfur. The correction for 
O2 isotopes wa" based on measurements of the ail' 
oxygen used in making SO;;. The table also includes 
published values from S02 spectra. 

The S2 ions are not favorable for the computation 
of a3, for the contribution of 2a3 to the 68 peak is 
only 15 percent of the a~ term. A somce of un­
certainty in evaluat.ing a) from the 65 peak arises 
from the possibility that a trace of S~2S34++ may be 
present. The comparative values of table 2 give no 
evidence of this. 

TABLE 3. Sulfur-isotope abundances 

l\!lass num bel' 

32 33 34 36 

St(sulfur vapor) ___ _____ 95.0 O. 76±0. 004 4. 22±0. OJ 0.014 
SO, (same sulfur) ______ 95. 0 . 77,±. 01 4. 23±.07 
Niel' [51 ---------------- 95.1 . 74±. 02 4.20±. 1 . 0l6±. 0016 
Thode [61 sulfur from 

same regioll __________ --- - - --- ---- 4.293 

3.3. Appearance Potentials 

Some measurements of appearance potentials were 
made to see whether or not Si was a fragment ion 
from S8 ionization. The experimental conditions 
were not well adapted to accurate measurements. 
The ion-repeller voltage was kept rather high to 
maintain sensitivity, and there were irregularities 
in the current-voltage curves that may come from 
surface charges on adsorbed sulfur. }.If ercury vapor 
was introduced with the sulfur vapor, and the ap­
pearance potentials of sulfur ions were measured 
relative to tha t of Hg+ (spectroscopic value 10.34 
ev) [4]. Measurements are based on semilog plots, 
with current plotted on a scale to make the ion cur­
rent at 50 v unity. Values of the appearance po­
tentials at an ordinate of 0.003 of the current at 
50 v are: Sit 8.9 ± 0.2 ev and 8i 8.3 ± 0.2 ev. Varia­
tions in the slopes of the current-vol tage curves 
give some added uncertainty. 80me measurements 
on S+ indicate an appearance potential roughly 2 v 
higher than Si and Sit. A search for negative ions 
gave negative results , but there was no basis to 
appraise the sensitivity for negative-ion detection. 

4. Discussion 

The fact that the appearance potential of 8; is 
somewhat less than that of Sit suggests that S2 
molecules are present and 8.3 ev is the ionization 
potential of S2. Ionization resulting in a pair of 
positive and n ega tive ions could give fragment ions 
at an appearance potential less than the ionization 
potential of the S8 molecule, but there is no evidence 
that this occurs. As vapor in the ionization chamber 
is a t a pressure less than 10- 4 mm and at a tempera­
ture of 186 0 C, dissociation of S8 into the relatively 
stable Sz molecule is not unexpected. The mass 
spectrum of sulfur vapor given in table 1 is probably 
to be interpreted as the spectrum of a mixture of 
molecules. 

The appearance potentials are unexpectedly low. 
Smyth and Blewett [7] reported an appearance po­
tential of 10.7 ± 0.3 ev for Si from thermally dis­
sociated CS2, as compared with 8.3 ev found in this 
work. An ionization potential of 82 lower than that 
observed by 8myth and Blewett is suggested by 
analogy with O2 • The ionization potential of 0 is 
13.61 ev [4] and that of O2 is 12.2 ev [8]. As the 
ionization potential of 8 is 10.36 ev [4], the ionization 
potential of S2 is expected to be considerably lower 
than this, not slightly higher as reported by 8myth 
and Blewett. 
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The isotope ratios of sulfur are fairly consistent 
with published values, as is evident in table 2, but 
there is considerable variation in isotope abundances 
of sulfur. Thode and his colleagues [6] have made 
an intensive survey of rela ti ve ab u ndances of 834 in 
sulfur from various sources and find values ranging 
from 4.39 to 4.19 percent, with a value of about 
4.29 percell t reported for native sulfur from the 
same regio n a s the reference sample. 

WA SHING'l'ON, May 9,1956. 

5. References 

[1] F. L. Mohl er, Science 122, 334 (1955). 
[2] G. B . Guthrie, Jr. , D. W . Scott, and G. 'Naddin gton , 

J. Am. Chem. Soc. 7G, 1488 (1954) . 
[3] A. G. Gaydoll , Dissociation energies a nd s pectra of 

diatomic molecules (John Wiley &. Sons, III c. , Kew 
York, N. Y., 1947). 

[4] Charlotte E. Moore, Atomic energy levels I , NBS Circ. 
467 (1949). 

[5] A. O. C. N ier, Phys. R ev. 53, 282 (1938). 
[6] H . G. Thode, R. 1<:' 'Wa nless, and R. Wallouch, Geochim. 

et Cosmochim. Acta 5,286 (1954). 
[7] H. D . Smyth a nd J . P . Blewett, Ph ys . R ev. "'G, 276 (1934). 
[8] T. M. Sugden a nd IV. C. Price, Trans. Faraday Soc. H, 

116 (1948). 

225 


	jresv57n4p_223
	jresv57n4p_224
	jresv57n4p_225
	jresv57n4p_226

