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Of the possible isomeric ions of the formula C2H5S+, a-f 
(Table I), several have been postulated as products of unimo-
lecular ion decompositions in the mass spectra of thiols and 
thioethers36 and of ion-molecule reactions.7'8 In an effort to 
obtain more conclusive data, we have examined 02HsS+ iso
mers from a variety of sources using collisional activation (CA) 
mass spectra; such data have proven to be uniquely useful for 
structural characterization of gaseous organic ions of lifetimes 
5:1O-5 s, as CA spectra are insensitive to ion internal ener
gy.9 This report constitutes an extension of previous CA studies 
of analogous even-electron C2H5O+ and C2H6N+ isomers,10 

probing the effect of replacing a first-row heteroatom by a 
second-row analog. 

The major fragmentation pathways proposed previously for 
the mass spectra of thiols and thioethers are shown in Scheme 
I; formation of isomers a-c, and d or e, is consistent with iso-
topic labeling and correlative evidence.3-6 No studies postu
lating the formation of isomer f were found. 
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mass spectra of the corresponding oxygen-containing com
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Appearance potential studies find the heat of formation (AHr) 
of C2H5S+ ions thought to have structures a, b, and c to be 
experimentally indistinguishable,5'6 and higher than the esti
mated value of d;7 in contrast, the values for the oxygenated 
analogs show substanital differences (Table I). The AHr value 
of (C2H5S)+ derived from C2H5SH of 203 kcal/mol6 (210 for 
C2HD4S+ from C2D5SH)5 presents a special dilemma, as this 
should represent a minimum value for ions b, c, and d (eq 1, 
4, and 5, respectively) if these are formed without reverse ac
tivation energy. The apparent equivalence in stability of c to 
that of a and b, in contrast to their oxygen analogs, has been 
attributed by Keyes and Harrison5 to the much less effective 
resonance stabilization of a and b, lowering their stabilities to 
be comparable to that of c. However, SCF molecular orbital 
calculations12 for HOCH2

+ and HSCH2
+ indicate that sulfur 

forms a stronger ir bond to the adjacent cationic center than 
does oxygen. It has also been suggested that the formation of 
c is more competitive relative to that of its oxygen analog owing 
to the greater ability of sulfur to stabilize the positive charge 
on itself in ion c. 3cIt should be noted that no direct experi
mental evidence for the existence of the CHsCH2S+ isomer 
c appears to have been reported. 

The cyclic ion d has also eluded direct experimental char
acterization.13 Formation of d by eq 5 has been proposed to 
account for the much larger relative abundance of (C2H5S)+ 

ions in the spectra of n-alkyl thiols than that of (C2H5O)+ in 
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Table I. C2H5S+ Ions 

Ion 

a CH2=S+CH3 
b CH3CH=S+H 
c CH3CH2S+ 

d CH2CH2SH+ 

e +CH2CH2SH 
f CH2=CHS+H2 

AHu kcal/mol 

205,5 203° 
197,5203* 
202,52036 

192c'7 

(210)rf 

A//f of the 
analogous 
oxygen ion 

1588 

1438 

~195c-5 

1698 

a Mean value from four precursors.6 * Value using C2H5SH as the 
precursor, so that ions formed were presumed to be isomers b and/or 
c.6 c Estimated value. d Value derived from C2D5SH; structure e 
suggested as possible explanation for large discrepancy in comparison 
to value found for b.5 

Scheme I 

R - C H 2 - S C H 3 

R-(CH 3)CH-^SH 

R - ( C H 3 ) C H - S - R ' -

R- + CH2=SCH3 

a (D 

R- + CH3CH=SH 
b 

N i 
f — Il + ^ S + (2) 

-H —* C H 3 C H = S - R - H 
- R - 3 

-Z-* CH3CH=SH (3) 

b 

CH 3 CH 2 S-R — • CH3CH2S+ R- (4) 
c 

+ 
HC-

\ / 
H,C 

-SH (or CH2CH2SH) 

(5) 

HC-
\ / 
H,C 

-R' — H 

EC SH 
~ * " \ / (6> 

H2C 
d 

the corresponding alcohol spectra.3-4 It has also been postulated 
that d is formed by loss of water from protonated /3-mercap-
toethanol,7 and from the ion-molecule reaction of H2S and 
protonated ethylene oxide.8 It is pointed out that the cyclic ion 
d should be favored energetically over protonated ethylene 
oxide, there being considerably less ring strain energy with the 
second-row atom.7-8 

Results and Discussion 

Reference Ions. The CA spectra of C 2 H 5 S + ions prepared 
from a variety of percursors are shown in Table II. Unless 
noted otherwise, spectra taken at low ionizing electron voltages 
were the same within experimental error, indicating that the 
02HsS + isomeric composition is independent of energy. In
spection of such spectra utilizing a computer error minimiza
tion program shows that only tnree characteristic patterns are 
distinguishable. The a-cleavage reaction (eq 1) is probably the 
best documented of the pathways shown, and leads to the as
signment of structures a and b to the C 2 HjS + ions produced 

from methyl alkyl sulfides (without a substituents) and a-
methylalkyl thiols, respectively. However, the CA spectrum 
of C 2 H 5 S + ions from C2H5SCD3, which presumably are 
formed as c by reaction 4, is identical within experimental error 
with the spectrum from b. Although the CA spectrum of b is 
also similar to that from the protonation of ethylene sulfide (d), 
in this case the differences are statistically significant and re
producible in measurements on different days. As justified 
further below, a rapid isomerization involving H-atom transfer 
(eq 7) is indicated; note that methyl transfer to yield a is not 
competitive. 

C H i — C H — S+ - ° * CH 1 —CH=SH (7) 
c b 

The spectrum of d cannot be matched to that of any com
bination of a and b, but does fit the CA spectra of CzHsS+ ions 
from all «-alkyl thiols examined (eq 5, vide infra). We conclude 
that the protonation of ethylene sulfide does yield stable ions 
of isomer d; the spectrum measured could arise in part from 
b formed by isomerization, but its lack of dependence on 
electron energy indicates that this is minor. The isomerization 
of d to e should be insignificant based on their predicted sta
bilities;3,4 further evidence of this will be given below. Thus the 
CA spectra indicate that the isomerizations of a, b, and d in
volve substantial activation energies and provide no evidence 
for the formation of c, e, or f ions of lifetimes > 10 - 5 s from the 
variety of precursors studied. 

The C 2 H 5 S + decomposition reactions producing the peaks 
observed in the three distinguishable CA spectra support their 
assignment to isomers a, b (not c), and d (although equally 
consistent with e). The spectrum assigned to a, which does not 
have adjacent carbon atoms, shows C 2 H ^ + ions (m/e 25-28) 
of much lower abundance than those of b and d. The ratio 
[C 2 H 5 S + - C H 2 ] / [C 2 H 5 S + - CH3] is smaller for a (0.15) 
and b (0.2) than for d (0.5), consistent with the CH3 groups 
in a and b and the type of CH2 group in d; a similar CA be
havior was noted for the linear vs. cyclic isomers of C2H4O+-103 

and C 2 H 5 O + . 1 0 b The CA spectrum of c should show sub
stantial differences vs. that of b, such as the presence of C2H5

+ 

and/or S + peaks; these are not significant in the spectrum of 
C 2 H 5 S + from C2H5SCD3 . 

Heats of Formation of CH2=SCH3
+ (a) and CH3CH=SH+ 

(b). The similarities of the AHf values of a, b, and c found by 
Keyes and Harrison raised doubts as to whether these ions 
actually have the indicated structures.5 For isomers a and b, 
the CA data fully support these structure assignments; further, 
indirect evidence will be given below that b is somewhat more 
stable than a, qualitatively consistent with the measured dif
ference of 8 kcal/mol in their AHf values. Note the corre
sponding ~15 kcal/mol difference for the C 2 H 5 O + isomeric 
analogs.8 

Heat of Formation of CH3CH2S+ (c). The ready isomer
ization c —• b indicated by the CA data is surprising because 
of the near equivalence of the heat of formation values reported 
for b and c.5-6 Measurements on C2H5SCD3 gave appearance 
potentials of 10.75 eV for C 2 H 5 S + ions and 10.84 eV for 
C 2H 2D 3S+ ions, presumed to be c and a, respectively;5 the CA 
spectrum (Table II) shows the former to have the structure b. 
Further, only 25% of the C 2 H 5 S + ions from C2H5SCH3 have 
structure b, the remaining being a; this would not be expected 
if the loose complex reaction (eq 4) forming c had a lower ac
tivation energy than the a-cleavage reaction (eq 1) forming 
a. Alternatively, the lowest energy reaction could be an an-
chimeric assisted rearrangement leading directly to b (eq 8; 

H 1 C - H C — S—CD, H;C—HC=SH •+- -CD3 (8) 

van der Graaf, McLafferty / Structure of Gaseous C2H5S
+ Ions 
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Table II. Collisional Activation Spectra of CaHsS+ Ions 

Reac-
Compound tion 25 26 27 28 32 33 

m/e of daughter ion" 

34 35 44 45 46 47 56 57 58 59 
Ion 

60 structure* 

CH3S(CH2)SCH3^ 
CH3SCH2CH-

(CH3)2 
CH3SCH2Cl 
((CH3)2CH-

CH2)2S 
(CH3CH2-

CH2)2S<< 
CH3SSCH3 
(CHj)2CHSH 
CH3CH2(CH3)-

CHSH 
((CH3)2CH)2S 
(CH3CH2(CH3)-

CH)2S 
(CH3)2CHS-

(CH2)3CH3 
(CH3CH2)2S 
CH3CH2SCH-

(CH3)2 
CH3CH2SCH-

(CH3)CH2CH3 
CH3CH2SCH3 

13eV/ 

CH3CH2S-
(CH2)2CH3 
12eV/ 

CH3CH2S-
(CH2J3CH3 

17eV/ 

CH2CH2SH? 
CH3(CH2J3SH 

12eV/ 

CH3(CH2)4SH 

CH3(CH2)6SH 

CH3CH2SH 

14 eV/ 

CH3S(CH2J2-
CH3* 

(CH3)2CHSH'' 
CH3CH2SCH3*' 

CH3CH2SCD3*-'' 

-SH 
1 
1 

3 
3 

3,4 
3,4 

3,4 

1,4 

1,4 

2,4 

2,4 

2,4 

2,4 

CI 

5 

5 

5 

5 

1,4,5 

1,4,5 

1 

1 
1,4 
4,7 

2.5 
2.5 

2.9 
3.0 

0.9 
0.9 

0.8 
1.2 

6.1 12 
6.1 12 

5.5 11 
5.9 13 

11 
11 

10 
13 

(4.0) a 
(3.7) a 

(5.2) a 
(9.6) a 

0.2 0.8 6.2 0.2 0.6 0.7 0.8 (18) 4.2 36 17 
0.2 0.7 6.1 0.1 0.6 0.7 0.7 (18) 4.2 37 17 

0.1 0.7 5.6 0.1 0.6 0.7 0.6 (13) 4.5 38 18 

0.2 1.1 5.7 0.4 0.6 0.6 0.7 (7.6) 3.9 35 16 

0.2 0.8 5.8 0.4 0.7 0.8 0.7 (8.0) 4.0 35 16 2.7 1.1 6.7 12 13 (9.3) ae 

0.2 0.7 6.10.2 0.8 0.8 0.7 (13) 4.2 38 17 2.4 0.9 5.5 12 11 (3.2) a 
0.5 3.4 11 0.8 1.2 2.2 1.8 (27) 2.7 18 2.9 0.6 1.8 12 22 20 (8.1) b 
0.6 3.8 12 1.3 1.4 2.6 1.9 (19) 2.5 17 2.5 0.5 1.8 12 22 19 (8.8) b 
0.6 3.4 11 1.8 1.3 2.5 1.7 (8.1) 2.2 16 2.1 0.5 1.6 11 23 22 (14) b 
0.7 4.2 12 2.0 1.5 3.1 2.2 (10) 2.2 16 1.9 0.5 1.5 10 22 19 (11) b 

0.7 3.1 9.3 1.7 1.4 2.2 1.8 (14) 2.4 18 3.2 1.0 1.8 11 21 22 (17) be 

0.5 3.1 11 1.0 1.1 2.1 1.9 (23) 2.4 18 
0.6 2.9 11 1.0 1.1 2.3 2.0 (21) 2.4 17 

3.3 0.6 1.7 11 23 20 (11) b 
2.6 0.6 1.5 11 23 21 (12) b 

0.5 3.0 10 1.0 1.3 2.2 2.0 (19) 2.3 18 2.8 0.6 2.0 

0.2 1.5 7.7 0.4 0.9 1.0 1.1 (21) 3.9 32 14 2.0 1.2 

0.2 0.9 6.3 0.3 1.0 1.3 0.8 (12) 4.5 32 14 2.3 1.1 

12 23 21 (11) b 

7.2 14 13 (5.0) a (85%), 
b 

7.5 15 13 (5.5) a (80%), 
b 

0.6 2.8 9.8 1.0 1.2 1.8 1.8 (22) 3.2 21 6.2 1.2 1.6 9.9 19 19 (14) a (25%), 
be 

0.7 3.0 9.4 1.3 1.6 2.4 1.4 (7.3) 4.8 23 8.4 1.3 1.5 7.9 17 17 (14) a (40%), 
be 

0.3 1.8 8.20.6 1.0 1.6 1.7 (20) 3.6 26 10 1.8 1.3 8.4 18 17 (11) a (50%), 
b* 

<0.2 1.4 7.20.7 1.3 1.1 0.8 (7.5) 4.5 30 11 2.2 1.7 8.116 14 (13) a (65%), 
be 

0.9 3.4 12 1.5 1.7 2.7 2.5 (22) 2.9 20 3.7 1.7 1.7 10 18 18 (—) d 
0.8 3.3 12 0.8 1.4 2.3 2.6 (30) 3.0 20 3.7 1.5 1.9 11 18 18 (7.8) b (15%), 

d 
0.9 3.7 13 1.2 1.4 1.6 1.7 (22) 2.4 21 3.8 1.7 1.3 10 18 19 (7.1) b (15%), 

d 
0.7 3.3 12 0.9 1.7 2.3 2.4 (30) 2.8 20 3.9 1.3 1.6 11 18 19 (12) b (15%), 

d 
0.8 3.4 11 1.0 1.3 2.2 2.1 (28) 2.7 20 4.1 1.6 1.6 9.8 18 20 (12) b (15%), 

d 
2 0.9 1.4 2.3 2.2 (32) 2.7 17 0.9 3.5 

1.2 4.5 

0.3 1.1 

1.1 5.5 
0.5 2.2 

12 1.4 2.8 3.0 2.2 (15) 3.8 18 

6.8 0.2 1.3 0.9 0.6 (13) 5.6 39 

13 1.2 2.3 3.0 2.2 (19) 3.1 17 
8.8 0.4 1.7 1.5 1.1 (15) 5.8 33 

1.2 5.2 14 1.5 2.2 3.5 2.3 3.3 17 

3.4 0.8 2.0 11 20 20 (14) b (60%), 
d 

2.7 0.4 2.2 11 19 17 (13) b (50%), 
d 

17 2.2 0.9 5.3 10 8.4(3.0) a 

2.3 0.4 1.8 11 19 17 (5.0) b 
13 1.8 1.3 6.9 12 10 (3.5) a (75%), 

b 
2.3 0.5 1.7 11 19 18 b 

" Abundances relative to the total ion abundance = 100 excluding small peaks at m/e 14, 15, and 29, and those from metastable ion decom
positions at m/e 35 and 60. b Mixtures were analyzed using a weighted least-squares method. Accuracy of compositions 5% absolute for mixtures 
of a and b and for mixtures of a and d, 30% absolute for mixtures of b and d. c The spectra of H-propyl and «-pentyl methyl sulfide are identical 
within experimental error. d The spectrum of di-n-butyl sulfide is identical within experimental error. e Some d cannot be excluded, so that 
reaction 6 is an additional possible pathway for C2HsS+ formation. / Ionizing electron energy; in other cases 70 eV was used. * Produced from 
ethylene sulfide and water at high pressure. Data are an average of several spectra and are corrected for isotopic contributions from C2H4S+ 

and C2H3S+ ions. * Data measured several months later under somewhat different experimental conditions. ' Ionizing electron energy 20 
eV. J Corrected for unlabeled ethyl methyl sulfide and for C2HD2S+ formed from C2H2D3S+-. 

note the similarity to eq 7); this is consistent with the CA evi
dence and the indicated lower A/ff value of b compared to a.5 

The bulk of C2H5S+ ions could still be formed as c from higher 
energy molecular ions through simple cleavage (eq 4); because 
reaction 4 involves less double bond formation than the com
peting reaction 1, it presumably has a looser activated complex, 
and so could still be competitive at higher energies despite a 

higher activation energy requirement. To test this alternative 
explanation, we remeasured [CiHsS+]/ [C2F^D3S+] from 
C2H5SCD3 as a function of electron energy. This ratio was 
<0.35 at all energies, and dropped relatively rapidly (0.35 -»• 
0.2) from ~15 to ~12 eV, observations consistent with a higher 
heat of formation for c than a;14 in contrast, when the electron 
energy was lowered below there was no further change in this 
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ratio within experimental error (the ratio actually appeared 
to rise slightly), consistent with the formation of b by eq 8 and 
with Harrison's5 measurements. However, there were sub
stantial experimental uncertainties in our ratio determina
tions. 

Another conflicting indication of the high tendency for c 
formation is the report6 that the mass spectrum OfCHaCD2SH 
yields (M - D)+ (b, eq 1) and (M - H)+ (presumed6 to be c, 
eq 4) in the ratio 45:55. However, we find for the mass spec
trum of C2H5SD that [(M - H)]/[(M - D)+] = 82:18, so 
that losses of the H atoms from the a- and /3-carbon atoms in 
CHaCH2SH (eq 1 and 5) are approximately equivalent, and 
much larger than H loss from S (eq 4). Because eq 4 should 
have a looser activated complex than eq 1 (vide supra), 5, or 
8, this should indicate that H loss from S has the highest ac
tivation energy of the H losses from C2H5SH. We thus con
clude that AHf(c) is substanitally greater than 205 kcal/mol,15 

which is consistent with the facile isomerization of c to b, and 
there is no need to invoke any unusual degree of ionic stabili
zation by sulfur in CH3CH2S+. In the mass spectra of 
C2H5S-R compounds the higher abundance of (C2H5S)+ ions, 
relative to that of (C2H5O)+ from C2H5O-R, thus does not 
show that ions such as a and b which are formed in competing 
reactions are necessarily less well stabilized by resonance than 
their oxygen-containing counterparts. The main characteristic 
of the CH3CH2S+ ion favoring its formation appears to be that 
the charge stabilization, although limited, does not produce 
double bond character, with concomitant loss of free rotors, 
in the activated complex to the degree found for even en-
cleavage reactions (eq 1), making eq 4 competitive with such 
lower activation energy reactions for higher energy molecular 
ions. 

Fragmentation Pathways. There do not appear to be any 
reasonable alternatives to the assumption that the ubiquitous 
a-cleavage reaction (eq 1) gives the stable isomers a and b. 
These CA spectral assignments are also consistent with the 
products expected for the general reactions which involve a-
cleavage followed by rearrangement through unsaturated (eq 
2) and saturated (eq 3) ring transition states.3,4 Sulfides in 
which neither alkyl group has a-substituents and one has at 
least a three-carbon chain, here illustrated by di-n-propyl, 
di-n-butyl, and diisobutyl sulfide, give predominantly the a 
isomer, as predicted by eq 2. Sulfides with an a-methylalkyl 
and an alkyl larger than methyl can yield the b isomer (eq 3), 
as shown by the data from diisopropyl, di-sec-butyl, and iso-
propyl n-butyl sulfide; b could also be formed in these com
pounds by the reverse of these steps, initial rearrangement loss 
of the olefin R' to form R-(CH3)CH-SH+- followed by a-
cleavage (eq l).4bThe C2H5S+ ion formed from CH3SSCH3 
by the rearrangement elimination of SH has the a structure 
as predicted.16 

The n-alkyl thiols CnH2n+1SH, where n = 4, 5, and 7, yield 
C2H5S+ ions whose CA spectra indicate that these are mainly 
the d isomer, consistent with primary formation through dis
placement rearrangement (eq 5).3'4 Formation of d from 
C2H5SH should involve the loss of the /3-hydrogen atom (eq 
5); the abundances of (M - H)+ and ( M - D ) + in the spectra 
OfCH3CD2SH6 and C2H5SD (vide supra) are in approximate 
agreement with the ~40% d indicated by the CA spectrum. 
Reaction 5 should involve a tighter activated complex than 
reactions 1 or 4, consistent with the ~50% d (a value with a 
large experimental uncertainty) formed from C2H5SH with 
14-eV ionizing electrons. Based on the appearance potential 
studies OfC2H5SH, this suggests that AHf(A) < 203 kcal/mol6 

(or 210 kcal/mol using the value5 for C2HD4S+ from 
C2D5SH, which could be high due to an isotope effect); this 
cannot be used as evidence that AHKd) < AHf(b) unless it can 
be established that there is no reverse activation energy for the 
formation of b from C2H5SH. Thus the high tendency to form 

d in the mass spectra of n-alicyl thiols, in comparison to the 
formation of protonated ethylene oxide in alcohols,1013 derives 
from the relative stability of the cyclic ion d; this supports the 
previous postulation of the lower ring strain energy which 
should result from sulfur incorporation.7'8 

Some of the compounds studied could yield C2H5S+ ions 
from more than one of the mechanisms outlined above. The 
ethyl a-methylalkyl sulfides yield only the b isomer, but this 
could occur through both reactions 3 and 4. The ethyl alkyl 
sulfides in which the alkyl group does not contain an a-methyl 
can produce a by reaction 2 as well as b by reaction 4. In con
trast to the 3:1 dominance in methyl ethyl sulfide of a forma
tion by reaction 1 over b by 4, a yields are 25,50, and 40% for 
the n-propyl, n-butyl, and isobutyl, respectively, ethyl sulfides; 
these values increase with decreasing energy of the ionizing 
electrons. In line with the previous discussion concerning the 
looseness of the activated complex for eq 4, here in competition 
with a rearrangement (eq 2) the reaction producing the less 
stable c ions is actually favored. 

Formation of d has also been postulated by a two-step pro
cess (eq 6) for sulfides RSCH2CH2R', where R is larger than 
methyl; isotopic labeling indicated that 27% of the C2H5S+ 

ions are formed by reaction 6 for n-butyl and n-amyl isopropyl 
sulfide, but none for n-amyl isoamyl sulfide.3b Our CA results 
are consistent with this conclusion for n-butyl isopropyl sulfide, 
but show that at most 10% d is formed in competition with eq 
2 for di-n-propyl and di-n-butyl sulfide. For the mass spectra 
of compounds in which eq 6 is in competition with reactions 
forming b the yield of d is not large; the quantity cannot be 
determined because of the similarities in the CA spectra of b 
and d. 

Relative Stabilities of the C2HsS+ Isomers. These studies 
thus indicate that the stabilities of CH3CH=SH+ (b) and the 
cyclic ion d are comparable, and that CH3S=CH2

+ (a) could 
be slightly less stable than b. Isomer c containing monovalent 
sulfur is clearly less stable than b, indicating that TT bonding 
to the heteroatom is indeed important in the stabilization of 
ions a and b; this is also supported by the observation that the 
formation of a by reaction 1 involves a tighter activated com
plex than the formation of c by reaction 4. Formation c by 
reaction 4 can be dominant when the competing formation of 
a more stable ion involves a reaction with an even tighter ac
tivated complex, such as reaction 2 forming a in ethyl n-propyl 
sulfide; thus CH3CH2S+ (c) appears to be significantly more 
stable than HSCH2CH2

+ (e) (for whose formation no CA 
evidence could be found), suggesting that there is appreciable 
charge stabilization by the monovalent sulfur.3b Preliminary 
STO-3G calculations by Dr. J. D. Dill qualitatively support 
these conclusions in finding much higher AHf values for c and 
f than for a, b, or d. Isomer a is indicated as less stable than b 
but more than d; calculations employing full geometry opti
mization are planned, as this refinement could be especially 
important in determining an accurate value for AHf(A). 

Experimental Section 
Measurements were made on a Hitachi RMU-7 double-focusing 

mass spectrometer of reversed geometry. 17A 100-/xA ionizing electron 
beam of 70 eV energy (lower where noted) and an accelerating po
tential of 7.8 kV were used; sample reservoir and ion source temper
ature was 150°. The magnetic field is set to select the C2H5S

+ pre
cursor ions; ionic products of their metastable decompositions (the 
MI spectrum) occurring in the field-free drift region between the 
magnetic and electrostatic (ESA) analyzers are measured by scanning 
the ESA potential repeatedly under computer control. The pressure 
in a special collision chamber near the 0-focal point17b is increased 
with helium until the precursor ion intensity is reduced to 25% of its 
original value, and CA product abundances are determined in a second 
ESA scan. The resulting CA spectra are the computer-averaged 
composites of at least 16 scans. 

Comparisons of CA spectra for isomeric identification and mixture 
analysis were made using a computer error minimization program 
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employing a weighted least-squares method. Reference CA spectra 
used for this were the averages of those from several precursors for 
a and b, and of spectra from seven separate protonations of ethylene 
sulfide (four different days) for d. The latter spectra were corrected 
for isotopic contributions from C2H4S

+ and C2HsS+ ions according 
to their relative CA cross sections. The CA spectrum of d fits best a 
computer-synthesized spectrum of a mixture of 12% a and 88% b, but 
the abundances of these peaks differ from those of the d spectrum by 
an average of 1.7 standard deviations (two peaks differ by more than 
three times the standard deviation). For the calculated quantitative 
analysis of assumed isomeric mixtures (last column Table I), the av
erage of the standard deviations was between 0.4 and 1.2 (mean 0.8). 
The reference spectra of a, b, and d did not change at low electron 
energy within a comparable experimental error. 

The ionizing efficiency measurements for the C2HsS+ and 
C2H2DsS+ ions from C2HsSCD3 were the composite values of four 
separate determinations, but were still subject to substantial errors. 
The signal/noise ratio for the m/e 61 peak at 11 eV was ~3/l, and 
the accuracy of the electron energy values was ±~1 eV because the 
fragment and molecular ions showed substantially different slopes 
and the fragment ion curve showed substantial tailing. 

Samples. C2H5SCD3 was prepared from CD3I and C2H5SH3b and 
purified by gas chromatography. C2HsSD was prepared from 
C2HsSH by exchange with D2O in the inlet system. All of the com
pounds were obtained from commercial sources and checked for purity 
by mass spectrometry. 
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Abstract: Seven gaseous C3H7S
+ isomers are shown to be stable for >10-5 s and identifiable from their collisional activation 

(CA) mass spectra: CH3CH=SCH3
+ (a), CH2=SC2H5

+ (b), C2H5CH=SH+ (c), (CH3)2C=SH+ (d), CH3CHCH2SH+ 

(e), CH2CH2SCH3 (f), and CH2CH2CH2SH+ (g). Ions formed as (CH3)2CHS+ rearrange in <10~5 s to d and a (~5:1), and 
those formed as CH3CH2CH2S

+ to c; isomers e and f appear to undergo partial isomerization to c and to a, respectively. Iden
tification using CA of these C3H7S

+ isomers has given detailed information on competing fragmentation mechanisms of alkyl 
thiol and sulfide cations. Seven major pathways are identified, several of which can be competitive in producing C3H7S

+ from 
a single compound. These mechanisms involve a-cleavage, (3-cleavage, and C-S bond cleavage; the first two can be accompa
nied by hydrogen rearrangement through a saturated or unsaturated ring transition state. In general, the factors found to favor 
particular mechanisms are consistent with conclusions from previous studies. 
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