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MASS SPECTRA AND ANALYTICAL CORRELATIONS 
FOR 32 ALKYL ARYL SULFIDES 

by 

J, E. Dooley 1 and R. F. Kendall 2 

ABSTRACT 

A mass spectral scheme of analysis was devised which can be used to iden­
tify individually a single compound from a larger group of similar compounds. 
Mass spectra for 32 alkyl aryl sulfides are provided for future reference work, 
and analytical c orrelations used in producing the analytical scheme are dis­
cussed. Some of the correlations show that base peaks are either the same 
mass as the parent peaks or may be derived from cleavage alpha to the sulfur 
atom with migration of one hydrogen to the sulfur atom. Other spectral con­
sistencies provide means of separating ortho-, meta-, and para-tolyl arrange­
ments in an overall analytical scheme. Determinations of chain lengths and 
separation of isomeric species are also discussed. 

INTRODUCTION 

Recent developments (f) 3 
in mass spectrometry have utilized computers to 

compare large volumes of reference data with an unknown mass spectrum and, 
hopefully, resolve the identity of the unknown compound. These computer tech­
niques would be virtually nonexistent if appropriate catalogs4 of reference 
spectral data were not available. Some of the excellent analyses and struc­
tural elucidations that are now being performed would likewise be tremendously 
hampered. Thus, the need and demand for standard spectral data are great, and 
the data reported here for 32 alkyl aryl sulfides represent another contribu­
tion in this area by the Bureau of Mines. 

Chemist . 
2 Research physicist (optics). 
3 Underlined numbers in parentheses refer to items in the list of references 

preceding the appendix. 
4 American Petroleum Institute Research Project 44. Catalog of Mass Spectral 

Data. Chemical Thermodynamics Properties Center, Texas Agricultura l and 
Mechanical University, College Station, Tex. 77840. 

American Society for Testing and Materials. Index of Mass Spectral Data. 
Corrnnittee E-14 on Mass Spectrometry, 1916 Race Street, Philadelphia, Pa. 
19103. 

Sadtler Research Laboratories, Inc., 3316 Spring Garden Street, Philadelphia, 
Pa . 19104, keeps a spectral data file for many compounds and continually 
adds to the file. To obtain spectra for compounds, one must contact Sadtler. 
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Several authors (l-l, l-~) have discussed mass spectral characteristics 
for a variety of organic sulfur compounds, but the availability of information 
for alkyl aryl sulfides has been limited. These compounds contain an aromatic 
ring and it was necessary in some instances to use the spectra of aromatic 
hydrocarbons (l, lQ) in comparing structures of similar composition. Meyerson 
(J:Q) observed that it is rather difficult to distinguish ortho-, meta-, and 
para-substituted tolyl rings and that no definitive rules can be established 
to resolve such isomers based strictly upon ring sites. Similar difficulties 
were encountered in attempting to distinguish the ortho-, meta-, and para­
substituted alkyl aryl sulfides; however, some minute differentiations were 
observed that could be used in an isolation scheme to separate one isomer from 
another. Spectral consistencies used in the development of a characterization 
scheme are presented in addition to the mass spectral data for 32 alkyl aryl 
sulfides. Application of the analytical method is also discussed. 

EXPERIMENTAL WORK 

Data were obtained on a Consolidated Electrodynamics Corp. (CEC) 5 mass 
spectrometer, model 21-102, modified to the equivalent of model 21-103C. A 
CEC heated inlet system maintained sample vapor temperature at 140° C. Isa­
tron temperature was controlled at 250° C. Magneti c field strength was 3,225 
gauss with an ionizing current of 10 microamperes and an ionizing voltage of 
70 volts. A 0.5-microliter constant-volume pipet was used to charge samples 
to the inlet through a gallium-covered glass frit. Pressures were measured 
with a CEC micromanometer. Sensitivities for parent and base peaks are given 
with each spectrum. 

The phenyl and tolyl sulfides were synthesized by two different chemical 
procedures. Compounds that contained at-butyl group were synthesized by the 
method of Fehnel and Carmack(~), and the other compounds were synthesized by 
the classical chemical process which incorporates the alkylation of the appro­
priate aromatic thiol with appropriate alkyl bromide. The synthesized com­
pounds were purified by preparatory gas-liquid chromatography, and final puri­
ties were detennined by standard gas-liquid chromatographic procedures. All 
compounds were purified to greater than 98.0 percent, except for 2-methyl-1-

c C 
(2, 2-dimethyl-1-thiapropyl ) benzene (fs-c-c and 3-methyl-1-(2, 2-dimethyl-1-

, 
C 

thiapropyl) 

C , C 
benzene 0 -s-c-c , which had purities of 95.9 and 97.4 percent, 

I 

C 

respectively. 

5The mention of brand names is for identification only and does n ot imply 
endorsement by the Bureau of Mines. 
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DISCUSSION 

Mass Spectral Data 

Mass spectral data for the 32 alkyl aryl sulfides are presented in 
tables A- 1 through A-4. A relative intensity (Rl), given for each ion in eac h 
s pec t r um, is based upon the percentage relationship of an ion to the most 
abu ndant ion species (base peak) in the spectrum. Base peaks and parent peaks 
are underlined, and the parent peaks are further denoted by the letter •~. ' ' 
Per tinent sensitivity data are provided at the top of each table. At the end 
of each table, the metastable and half peaks are listed. Since most of these 
peaks have insufficient resolution for accurate measurement of relative inten ­
sities, the suggested ion and location of each is noted. The approximate loca ­
tion was determined from spectral charts. 

Analytical Correlations 

Analytical correlations were observed which ultimately led to the devel ­
o pmen t of a mas s spectral method for identifying individual a l kyl aryl sul ­
f ides. Regularities occurring in the spectra for base and parent peaks, alkyl 
c hains, and ring sites provided the basis for a reasonable analytical scheme 
that was devised. 

Base Peaks 

Phenyl alkyl sulfides with a methyl or ethyl group attached to the sulfur 
p r oduce a base and parent peak at the same m/e. Propyl or butyl substitutions 
r esult in cleavage alpha to the sulfur accompanied by hydrogen migration (from 
the chain to the sulfur) to form the base peak at m/e 110. 

Tolyl alkyl sulfides show cleavages and rearrangements similar to those 
of the phenyl alkyl variety, except that in the case of a n - propyl substituent , 
the base peak appears one carbon number higher in mass number. The most 
in tense ion in the spectra is either the parent ion (methyl, ethyl, n - propyl 
subs titutions) or the m/e 124 ion (isopropyl and all butyl substitutions). In 
a manner similar to the processes occurring in the phenyl sulfides, cleavag e 
alpha to the sulfur with accompanying hydrogen migration results in the 
m/e 124 i on in isopropyl- and butyl-substituted compounds . 

Longer chains and branching at the carbon alpha to the sulfur enhanc e the 
intensity of the base peak with a corresponding loss in intensity of the par ­
ent ion. 

Ring Differentiation 

The m/e 91 ion intensity will resolve the phenyl and tolyl structures. 
An m/e 91 relative intensity of more than 24.19 percent verifies the tolyl 
st r ucture. An intensity of less than 3.48 identifies the phenyl ring; the 
ob s ervation ignores the m/e 91 intensity of 22. 74 shown for methyl phenyl sul­
fi d e since this compound would be eliminated by molecular weight 
c on siderations. 
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To make a reasonable separation of the three possible tolyl configura­
tions (ortho-, meta-, para-), individual ion species from similar alkyl sub­
stitutions must be considered. For instance, in methyl-substituted tolyl sul­
fides, a compound showing an m/e 92 ion intensity equal to about 50 percent of 
the m/e 91 can only be a meta-tolyl type because the ortho and para arrange­
ments show less than 20 percent m/e 92 to m/e 91. Confirmation of the methyl 
substitution in a meta-tolyl species may be found at m/e 105. In meta-tolyl, 
m/e 105 is about 18 percent relative to the base peak; ortho and para com­
pounds with methyl substitution show less than 4.5-percent intensity relative 
to their respective base peaks. 

Identification of Alkyl Chains 

Compounds having methyl substitution can generally be determined from the 
parent ion and/or base peak. To resolve a tolyl methyl configuration from a 
phenyl ethyl sulfide, the m/e 110 intensity is useful. Tolyl methyl sulfides 
have m/e 110 ions less than 0.52 percent relative intensity, whereas phenyl 
ethyl sulfide has an m/e 110 intensity of 66.47 percent. 

In addition to molecular weight considerations, an ethyl substitution in 
tolyl sulfides may be determined by the intensity of the m/e 119 ion. An 
m/e 119 ion intensity between 2.37 percent and 5.80 percent indicates the 
alkyl substituent is ethyl. For phenyl sulfides, however, the ethyl substitu­
tion is better defined by the m/e 110 to m/e 109 ratio of intensities. A 
ratio more than 1.0 and less than 3.0 identifies the alkyl chain as an ethyl 
group. 

Propyl groups may be determined from the intensity of m/e 43 ions. An 
intensity greater than 14.28 percent shows the ion is derived mainly from the 
propyl grouping. To resolve isopropyl and n-propyl groups, the ratio of 
m/e 43 to m/e 29 may be used. An m/e 43 to m/e 29 ratio more than 3.0 but 
less than 5.0 verifies the group to be n-propyl. A ratio greater than 26.0 
but less than 99.0 indicates the group is isopropyl. Metastable ions at 
m/e 39.1 and 42.6 also support the propyl substituent identification. 

Butyl groups are easily defined by the presence of a metastable peak at 
m/e 29.5 (l) and by the intensity of the m/e 57 peak. An m/e 57 intensity 
greater than 5.68 percent determines the alkyl substituent to be a butyl group. 
In addition, the intensity of the m/e 57 ion indicates, to some extent, which 
particular butyl group may be present. An m/e 57 ion intensity of 5.68 to 
8.05 percent indicates then-butyl grouping; 10.03 to 14.76 percent identifies 
as-butyl group; 19.23 to 40.75 percent indicates isobutyl or t-butyl. For 
tolyl sulfides, the overlap of ion intensities for isobutyl and t-butyl groups 
can be resolved by consideration of the intensity of the m/e 45 ion. After 
the group has been determined to be either isobutyl or t-butyl by the above 
procedure, then an m/e 45 ion intensity of approximately 10 to 24 percent veri­
fies t-butyl, and about 35 to 50 percent identifies isobutyl. 
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Mass Spectral Method for Identifying Individual Alkyl Aryl Sulfides 

From the mass spectral data and correlations, an analytical scheme, shown 
in figure 1, was developed which utilizes intensity and m/e differences in 
parent, base, and other peaks to separate the various isomers in this group of 
alkyl aryl sulfides. To apply the scheme to an unknown spectrum, the parent 
mass peak must first be determined and located on the chart. Obviously, a 
parent peak at m/e 124 can only result from the methyl-substituted phenyl sul­
fide, thereby establishing the identity of the compound as indicated on the 
schematic. 

The phenyl ethyl sulfide and three tolyl methyl sulfides require more 
deduction. All of these have the same base peaks and the same parent peaks 
at m/e 138. However, the intensity of m/e 110 in these compounds provides 
guidance in separating the phenyl structure from the tolyl configuration. An 
m/e 110 intensity greater than 65 percent of the base peak shows the compound 
is phenyl ethyl sulfide. An m/e 110 intensity less than 65 percent means the 
compound is one of the tolyl methyl sulfides. As shown in figure 1, the 
m/e 137 intensity will then ~erve to identify the individual tolyl methyl 
sulfide. 

Phenyl propyl and tolyl ethyl sulfide identification require a similar 
approach. Parent peaks appear in the spectra at m/e 152. Phenyl propyl com­
pounds show base peaks at m/ e 110, whereas tolyl ethyl sulfides have base 
peaks at m/e 152. To further separate the n-propyl from the isopropyl group 
in the phenyl propyl sulfides, the parent peak intensity is considered. A 
parent peak intensity of about 40 percent relative to the base peak means the 
compound contains the n-propy l group. Otherwise, a relative intensity of 
about 75 percent. indicates the isopropyl group. Tolyl ethyl sulfides are sep­
arated by the m/e 123 to m/e 124 ratio as illustrated in figure 1. 

A parent peak at m/e 166 indicates either a phenyl butyl sulfide or a 
tolyl propyl sulfide. A base peak at m/e 110 establishes the phenyl structure 
with further characterization of the butyl chains accomplished by the inten­
sity of the m/e 57 ion. A base peak at m/e 166 indicates the tolyl n-propyl 
structure with the relative intensities of the m/e 45 and m/e 124 ions used to 
further deduce the individual tolyl ring involved. A base peak at m/e 124 
appears in tolyl isopropyl sulfide spectra, and identity of the tolyl ring is 
derived from the m/e 91 to m/e 89 ratio. 

Tolyl butyl sulfides are indicated by the appearance of a parent peak at 
m/e 180 and a base peak at m/e 124. The relative intensity of the m/e 57 ion 
may be used to separate n-butyl ands-butyl chains from isobutyl and t - butyl 
groups. An m/e 57 relative intensity of 5 to 9 percent of the base peak shows 
the alkyl group is n-butyl, 10 to 15 percent verifies the s-butyl group, and 
19 to 41 percent indicates the isobutyl and t-butyl groups. The m/e 45 and 
m/e 123 relative intensities are then useful in isolating the isobutyl from 
the t-butyl chain and in characterizing the three tolyl configurations 
involved. · 



Parent peak 

Bose peak -----

R I 
>65 

Compound 0 -s-c 

FIGURE l. - Mass Spectra l Scheme for Isolating Indiv idual Alkyl Aryl Sulfides. 
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CONCLUSIONS 

Mass spectral data were determined on 32 previously unavailable alkyl 
aryl sulfides. Some spectral consistencies observed in the data have made 
possible the deve lopment of an analytical scheme for detecting and identify ing 
individual sulfide isomers from a larger group of sulfur compounds. The 
method utilizes spectral characteristics derived from parent and base peaks, 
alkyl chain lengths and structural configurations, and differences in ring 
structure to determine the identity of an individual compound. In block dia­
gram form, the scheme provides a useful technique for the identification of 
alkyl aryl sulfides on an individual basis. 
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APPENDIX. --MASS SPECTRAL DATA FOR 32 ALKYL ARYL SULFIDES 

TABLE A-l. - Mass s pectral data for eight alkyl phenyl sulfides 

(1 - Thiaethyl) - ( 1- Thiapropy 1)- (1-Thiabutyl)- (2 - Methyl -1- (l - Thiapentyl) - (2 -Methyl - 1- (3-Methyl-1 - (2, 2 - Dime thyl - l-
benz ene benzene benzene thiapropyl)- benzene thiabuty 1) - thiabutyl) - thiapropyl) -

benzene benzene benzene benzene 
Alkv l substituent ... . . .. .. . . . . Methvl Ethvl n -Proovl Isopropy l n - Butyl s - Butyl Isobuty l t - Butvl 
Molecular weight 124 138 152 152 166 166 166 166 
Magnetic field, gauss 3,225 3,225 3,225 3 , 225 3,225 3,225 3,225 3,225 
Sensitivity, divisions/micron 

Base peak 54 .86 42. 26 52. 25 87 . 12 77. 37 90 .64 56 . 91 100.91 
Parent peak 54 .86 42 . 26 39 . 24 34 . 75 37 .07 29.44 35 . 65 11.38 
n-Butane, m/e 43 peak 49 . 28 49 . 04 49 . 04 49 . 28 49.04 49.04 49 . 28 49 . 04 

Ionizinl:l cur rent microamoeres 10 10 10 10 10 10 10 10 
m/e Relative in t ensities 1 percent 

24 0.09 o . 18 0.04 0 . 02 0 . 02 0 . 01 0 . 01 
25 .40 1.47 . 33 .18 .17 . 14 0. 13 .09 
26 2 . 09 10 . 63 4 . 21 1.99 3 .46 2 .so 2 . 28 1.21 
27 3 . 67 31.32 29 . 74 15 . 90 21. 19 15 . 93 20. 98 9 . 15 
28 .10 2 . 69 1.93 . Bl 3.37 2 . 28 2 . 03 1.39 
29 .03 18 . 23 3 .40 . 18 24. 95 24 .22 24 . 81 17 . 55 
30 - . 39 . 07 .ss .57 . 57 . 41 
32 . 91 . 76 . 56 .26 . 21 .17 .23 . 18 
33 . 37 . so . 24 . 15 . 12 . II . 14 . 10 
34 . 25 .43 . 25 . 16 . 17 . 13 .20 . II 
35 .os . 90 . 06 . 04 .10 . 12 .07 .02 
36 . 35 . 20 . 13 . 08 .03 . 03 . 06 . 04 
37 3. 12 2 . 53 1.95 1.36 . 75 . 7 I 1.24 . 84 
38 4 . 73 4 . 80 4 .so 3.24 2 .10 1.95 3 .49 2 . 31 
39 14 . 77 20 . 69 26 . 85 19 . 54 16 . 83 16 . 31 28 . 30 18 . 85 
40 .56 1.05 1.88 1.55 1.17 1.06 2 . 20 1.55 
41 .24 . 33 17 .30 12 .69 13. 99 16 . 58 26 . 58 20 . 91 
42 . 02 . 04 1.36 1.03 . 86 . 88 2. 31 1.18 
43 .OS .09 14. 92 17 .68 . 55 . 10 4 .47 .10 
44 . 91 .41 . 64 . 63 . 13 .09 . 26 .10 
45 21.81 31.82 31.10 6 . 74 17 . 85 6 . 08 31.03 4 . 68 
46 5 . 80 1.75 2 . 29 . 27 l. 30 . 25 2 .33 .17 
47 4 .26 1.68 2 .66 .64 I. 78 . 58 2 . 54 .45 
48 . 65 . 18 .17 .04 .10 .04 . 18 .03 
49 1.93 1.19 . 67 .40 . 35 .27 .46 .35 
50 14 . 23 11.56 7 . 76 4 .01 4 . 60 3.43 6 .44 2 . 88 
51 23 . 32 23 . 01 18 . 88 8 .40 II. 77 8 .08 17 . 00 5 . 56 
52 2. 73 2 .48 1.93 . 90 1.31 . 93 1.87 . 67 
53 . 60 . 79 . 57 . 28 1.21 1.35 1.85 . 97 
54 .2 7 .20 .09 .07 . 22 . 18 . 25 . 16 
55 .OS . 09 . OS . 03 2 . 91 2 . 86 4 .45 2 . 17 
56 . 16 . 19 .06 .OS . 77 .95 . 99 1.02 
57 2 . 56 3.54 1.97 1.46 6 .53 11. 71 24 . 52 34.48 
58 2 . 24 5 . 17 3 . os 2 .22 l. 88 l. 92 2 .56 2 .40 
59 1.07 5 . 56 2 . 14 4 . 07 2 . 15 4 . 33 1.76 2 . 11 
60 . 38 4 . 19 .35 .49 .44 . 62 .27 . IS 
61 1.38 3 . 90 . 71 . 59 .47 . 62 .48 .34 
62 4 . 75 2 . so 1.39 . 62 . 73 . 65 . 98 .60 
63 4 .35 5 . 09 3.42 2 . 22 2 .03 1.63 2 . 73 1.61 
64 . 73 . 97 .67 .45 .41 .35 .55 .32 
65 15 . 06 20 . 75 16 .41 12 . 01 11.30 10 . 94 13 . 75 10 . 53 
66 1.07 17 . 22 10 . 56 9 . 20 6 .02 6.01 6 . 12 4 . 69 
67 .19 1.03 . 67 .56 . 35 . 35 .42 . 27 
68 .40 .31 . 21 .14 . IQ . 08 .33 . 12 
69 11 . 68 15 . 56 10.29 6.97 6 . 15 5 . so 7 . 90 5 . 36 
70 l. 11 1.30 . 93 .61 .53 .47 . 74 .45 
71 1.31 2 . 16 1.97 1.08 1.10 .96 l. 76 . 71 
72 .42 . 19 .24 .09 . II . II .32 . 07 
73 1. 14 . 78 1.18 .64 .45 . 68 1.18 1.19 
74 4 . 58 3 . 36 2 . 59 1.28 l. 10 . 81 1.64 . 76 
75 2 .53 2 . 24 1. 87 1.08 . 98 .69 1.38 . 57 
76 1.68 l. 69 I.SI . 75 . 79 . 57 1.24 .46 
77 9 . 23 14 .80 14. 78 6 . 01 9 . 65 5 . 72 13 . 65 3 . 52 
78 29 .45 5 .89 3 .19 1.44 2 .42 1.4 7 3 . 71 • 76 
79 4 .29 4 . 80 3 . 74 .28 2 .18 . 32 3. 89 . 13 
80 .48 .43 .41 . 12 . 17 .OS . 30 . 04 
81 2 .08 2 .26 1.34 . 92 . 71 . 63 . 95 .62 
82 3.88 4 . 33 2 .53 1.83 1.58 1.38 2 . 03 1.31 
83 1.54 2 .09 1.47 1.06 . 92 . 87 1.17 . 79 
84 . 54 6. 99 4 .so 3 . 96 2 . 34 2 . 31 2 .48 1.92 
85 .18 . so .33 . 27 . 28 . 2 I . 30 . 16 
86 .08 . 35 .23 . 19 . 13 . 12 • 15 .09 
87 . OS • IO .OS . 02 . II . 14 .29 . 09 
88 . OS . 16 - - .06 . 06 .08 -
89 . 55 .42 .44 .08 . 37 . IS . SI . 06 
90 .62 . 17 . 20 .04 . 14 . 05 .23 . 02 
91 22. 74 2 . 00 3. 10 . 76 2. 66 . 96 3 .48 . 36 
92 1. 81 . 23 . 34 . 09 .2 5 . 09 . 33 .04 
93 . 70 . 64 . 38 . 28 . 22 . 20 . 28 . 14 
94 . II . 11 . 07 .04 .04 .04 .06 . 03 
95 . 21 .49 . 35 . 21 . 19 . 16 .27 .12 
96 . 14 . IO . 08 . 02 . 04 .01 . 08 
97 . 73 . 65 . 57 . 10 .39 . 12 .61 .04 
98 . 10 . 07 . 06 .03 . os 
99 . 04 .04 . 06 - . 02 - . 04 

100 - - - -
101 - .06 .06 .02 .02 .03 - -
102 - .20 . II . 08 . 08 .10 .09 .03 
103 1.27 .38 . 86 .45 1.08 .25 . 06 
104 . 03 1.08 . 26 . 81 . 38 . 99 .16 .03 

See footnote at end of table . 
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TABLE A-l. - Mass spectral data fo r eigh t alky l phe ny l s ulfides --Cont inued 

(1 - Thiaethyl)- (1 - Thiapropyl) - (1-Thiabutyl) - (2 - Methyl - 1- ( 1- Thiapenty l)- (2 -Methyl-1 - (3-Me thy 1-1- (2, 2 -Dimethy 1-1 -
benzene benzene benzene thiapropy 1) - benzene thiabutyl)- thiabutyl) • thiap r opyl) -

benzene benzene benzene benzene 
Alkvl substituent ....... . . . . .. Methvl I Ethvl I n-Proovl Isooroovl n-Butvl s - Butvl I Isobutvl t - Butvl 
m/e Relative intensities percent- - Continued 
105 0.24 4. lJ 0.25 0.21 0.52 0 . 24 0. 33 0 . 09 
106 . 25 .54 .16 .10 .19 . 08 . 13 .06 
107 .40 .41 .28 . LB .19 .15 .23 . 13 
108 4 .46 4.88 3 . 32 2 . 09 2.19 l. 74 2. 77 L.63 
109 45 .48 23 . 97 LB . 79 15 . 27 16 . 48 14 . BL 15 .85 ll.09 
LIO 3 . 61 66 .47 LOO.OD 100 .00 100 . 00 LOO.OD 100.00 LOO.OD 
111 2 .09 6 .15 8.41 ~ ~ 8.41 ~ ---s:TI 
112 . 14 3 . 16 4 .56 4 .59 4 . 66 4. 78 4 . 61 4 . 70 
113 - . 26 . 30 . 31 . 32 .31 . 33 . 33 
114 - - . 04 . 03 . 03 . 04 . 05 .03 
ll5 - . 39 .14 .18 . 16 . 51 . 14 
116 - - . 16 . 06 . ll . 09 . 26 . 06 
117 . 02 - .34 . 12 .29 . LJ . 34 . 17 
118 - - . 20 .05 .05 .05 .09 . 07 
ll9 . 02 - .07 .05 . 03 - . 05 -
120 . 02 - .03 - . 03 -
121 .98 1.34 L. 27 .25 . 77 .30 1.32 . 08 
122 .43 .so . 39 . 06 .22 . 06 .38 . 01 
123 8.48 65 . 26 61.40 1.09 28 . 36 1.58 61.21 . 62 
124 100 . 00P 5 . 53 5 .31 . lJ 3 . 23 . 17 8. 74 .06 
125 ~ 3 . 07 2 . 86 .05 1.41 . 07 3 . 16 . 03 
126 4 .68 . 23 .23 - . 14 - .38 -
127 .34 .03 - - .02 - . 05 -
128 .03 - - . 03 . 01 .07 
129 - - . 02 - .05 -
130 - - - - - .03 -
131 - - - . 04 . 01 .05 
132 - - - . 04 . 03 -
133 . 08 . 04 . 07 . 05 . 10 . 05 -
LJ4 . 34 . 38 . 26 .30 . 36 .43 .14 
135 - l.05 . 90 . 95 l.05 1.31 . 70 . 15 
136 . 24 . 15 . 19 . 21 . 28 .15 . 03 
137 - 1.84 l.41 4 . 81 2 . 78 10 . 62 1. 70 . 03 
138 100 . 00P . 21 . 63 .29 1.08 . 17 -
139 - 7":ss . 07 . 24 . 14 . 25 . 09 -
140 - 4. 76 .03 .04 - -
141 - .40 - - - - - -
142 - . 04 - - - - -
145 - - - - . 04 -
147 - . 10 . 02 . 07 . 06 . 19 .03 
148 - - . 02 - - . 03 . 07 -
149 - - .25 . 08 . 07 . 24 .49 . ll 
150 - - . 07 .03 . 04 .09 . 02 
151 - - .40 . 22 . ll .57 .71 1.64 
152 
153 

-
-

. lO(imp) 
-

75 . lOP 
7.% 

39 . 89P 
4.21 

. 04 . 08 
. 03 

. 23 

.05 
. 17 
. 08 

154 - - 3 . 65 l.95 - -
155 - - .34 . 18 - -
156 - - - .01 -
161 - - - - . 03 -
163 - - - - . 02 .04 
164 - - . 03 . 02 . 04 -
165 - - - . 25 . 16 .49 . 05 
166 - - - - 4 7 .92 P 32 . 48P 62 . 64P 11.28P 
167 - - - 5.63 J°:86 7.33 1.31 
168 - - - - 2 . 30 1.64 3 . 14 .56 
169 - - - - .24 . 16 . 32 . 06 
170 - - - - - - . 02 -
180 - - - - . 04 - -
m/e Metastable peaks (X - present 0 - undetected) 

25 .2 0 X 0 0 0 X 0 X 
26 . 8 0 X 0 0 0 0 0 0 
28 . 8 0 X 0 0 0 0 0 0 
29 . 5 0 0 0 0 X X X X 
37 . 2 0 0 X X X X X X 
38 . 8 0 X 0 0 X X X X 
39 . 1 0 0 X X 0 0 0 0 
40.8 0 0 0 0 0 X X X 
41.0 0 0 0 X 0 0 0 0 
41.8 0 0 0 0 X 0 0 0 
42 . 6 0 0 X X 0 0 0 0 
44.0 0 X 0 0 0 0 0 0 
44 . 8 X X X X X 0 X 0 
45 . 8 X 0 0 0 0 0 0 0 
49.5 X X 0 0 0 0 0 0 
50 . 6 X X X 0 X 0 X 0 
56. 7 0 0 0 0 X X X X 
58 . 8 0 0 0 0 0 X 0 0 
64. 7 X X X X X X X X 
65 . 7 0 X 0 0 X X 0 0 
67 .o X 0 0 0 0 0 0 0 
73 . 0 0 0 0 0 X X X X 
76.5 X X 0 0 0 0 0 0 
77 . 5 X 0 0 0 0 0 0 0 
80 . 0 0 0 X X 0 0 0 0 
83 . 5 0 X 0 X 0 0 0 0 
88 . 0 X X 0 0 0 0 0 0 

107 .0 X 0 X X X X X X 
122 .0 X X X 0 0 0 X 0 

See footnote at end of tab le . 
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TABLE A-1. - Mass spectral data for eight alkyl phenyl sulfides --Continued 

(1 -Thiaethyl) - (1 - Thiapropyl) - (1-Thiabutyl)- (2 -Methyl -1- (1 - Thiapentyl)- (2-Methyl-1- (3 - Methyl -1- (2,2-Dimethyl-l-
benzene benzene benzene thiapropyl)- benzene thiabutyl)- thiabutyl)- thiapropyl)-

benzene benzene benzene benzene 
Alkvl substituent .... . .. .. . . . . Methvl Ethvl n - Proovl I Isooroovl I n-Butvl s -Butvl Isobutvl I t - Butvl 
m/e Half peaks (X = present 0 - undetected) 
2> .5 0 0 0 0 0 X 0 0 
37 .s X X 0 0 0 0 0 0 
38.5 X X 0 0 0 0 0 0 
40 . S X 0 0 0 0 0 0 0 
46 .5 X 0 0 0 0 0 0 0 
52 . 5 X X 0 X 0 0 0 0 
53 .s X X 0 0 0 0 0 0 
54 .s X X X X X X X X 
55 .s X X 0 0 0 0 0 0 
58 . 5 X 0 0 0 0 0 0 0 
60 . 5 X X X 0 X 0 X 0 
61.5 X X X 0 X 0 X 0 
62 .s X 0 0 0 0 X 0 0 
67 .s 0 X X X X X X X 
68 . 5 0 X X X X 0 X X 
73 .s 0 0 0 0 0 0 X X 
74 .s 0 0 0 0 0 0 X X 
75 .s 0 0 0 0 0 0 X X -Underlined values indicate parent and base peaks. Parent peaks are further noted with a "P" after the appropriate relative intensity. Ion contribu 

tions due to impur ities are indicated by 11 imp" afte r the appropr iate relative intensities. 

TABLE A-2 . - Mass s pect ra l data for eight alkyl - o - tolyl sulfides 

2 -Methyl- l- 2 - Methy l - l- 2 - Methyl-l - 2 -Methyl - l - 2 - Methyl-l - 2 - Methyl - 1- 2-Methyl-l - 2 - Methyl - l -
(l-thiaethyl)- (l - thiapropyl)- (l - thiabutyl)- (2 -methyl-l- (l - thiapenty 1)- (2-methyl-1- (3 -methy l-1- (2, 2 - dimethyl - 1-

benzene benzene benzene thiapropyl)- benzene thiabutyl)- thiabut y l)- thiapropyl)-
benzene benzene benzene benzene 

Alkvl substituent .. . ..... . .... Methvl Ethvl n - Pronvl Isooronv 1 n -Butvl s-Butvl Isobutvl t-Butyl 
Molecular weight 138 152 166 166 180 180 180 180 
Magnetic field, gauss 3,225 3,225 3,225 3,225 3,225 3,225 3 , 225 3,225 
Sensitivity, divisions/micron 

Base peak 52 . 56 47 . 64 42 . 90 60 . 95 59 . 69 73.40 48.31 89 . 35 
Parent peak 52 .56 47 .64 42 . 90 36 .1 7 39.46 32 .50 37 .38 11.93 
n-Butane, m/e 43 peak 49 .43 49 .43 49.43 49.43 48 . 08 49 . 43 48.08 48 . 08 

Ionizinll current. microamoeres 10 10 10 10 10 10 10 10 
m/ e Relative intensities nercent1 

24 0 . 03 0.07 0 . 03 - - 0 . 03 - -
25 . 19 . 67 .21 o. 14 0.13 .09 0 . 08 0 . 06 
26 1.98 8.50 4 . 38 2 . 35 3 . 67 2 . 53 2. 21 1.19 
27 5 .29 28.64 37 .18 22 .42 25 .so 18 . 33 23 .28 10 . 20 
28 .29 2. 73 2 .50 1.10 4. 18 2 . 57 2. 22 1.42 
29 .46 17. 93 4 . 20 . 93 32 .10 29 .97 29 . 62 18.47 
30 .38 .09 - .71 .66 .64 .42 
32 .63 . 53 .42 . 24 . 17 . 15 . 20 . 15 
33 .42 .45 . 28 .19 . 14 . 14 . 15 . 13 
34 .37 .so . 37 .25 .22 .21 .24 . 17 
35 . 20 . 72 .05 .06 .13 .13 . 07 .03 
36 . 12 .07 .08 . 06 . 03 . 03 . 03 . 03 
37 l. 93 1.22 1.48 1.12 .57 .so • 92 . 57 
38 4 .52 3 .40 4 .43 3.24 2 .08 l. 74 3.20 1.81 
39 19 . 81 19 . 19 31.57 23.13 19.66 17 .22 30 . 88 17 . 30 
40 1.45 1.37 2. 75 2 .15 1.59 1.37 2 . 79 1.68 
41 2 .26 2 .44 21.34 17 .00 18 . 23 19.35 31.24 21.56 
42 . 09 . 11 l. 74 1.35 1.09 1.11 2 . 75 1.22 
43 . 21 . 12 19 . 26 24 .24 . 75 .15 5. 21 .so 
44 .64 .34 .83 .89 . 19 • 13 .31 . 10 
45 46 . 26 so. 76 55 .43 30 . 07 37. 37 25 .67 48.29 21.82 
46 3 .51 1.83 2 .4 7 .82 1.56 .69 2 .06 .56 
47 4 . 06 3.02 4 .31 2 . 12 3.03 l. 75 3 . 51 1.46 
48 .63 .12 . 16 .06 .11 . 05 .14 .OS 
49 .82 .45 . 34 . 26 . 20 .16 . 24 .23 
so 5 . 72 4 . 61 3 .28 2 .64 2 . 32 1.96 2. 94 l. 75 
51 10.35 10 . 71 10 .83 7 .03 6 . 60 5 .47 8 . 35 4 .66 
52 2 .54 2 .80 2 . 80 1.92 l. 79 1.55 2 . 30 1.33 
53 2 .38 3.37 3.58 2.45 3 .16 2 . 87 4 . 09 2 .41 
54 .16 .18 . 20 • 13 . 32 .24 . 33 .21 
55 .OS .06 .16 .04 3 .47 2. 75 4 . 09 1.93 
56 . 08 . 07 . OS . 02 . 57 . 64 . 74 .85 
57 . 97 1.14 .82 .62 8.05 14 . 76 29.62 40 . 75 
58 1.58 2 .57 2 . 10 1.65 1.44 1.46 2. 18 2 . 32 
59 1.30 3 . 87 2 .61 3 .66 2 . 15 3 .18 2.42 1.73 
60 . 77 1.33 .39 . 48 .47 .48 .29 .16 
61 2 .44 2 . 97 1.02 . 75 .61 .65 .68 . 38 
62 4. 99 3.66 3 . 06 1.91 1.62 1.21 2.06 1.01 
63 12 .68 10. 74 10.38 6 . 46 5 . 37 4 .56 7 .81 3 . 65 
64 3.22 2. 79 2 .87 l. 78 l. 76 1.31 2.24 1.01 
65 11.88 12 . 62 15 . 59 8 . 15 10 . 31 6. 75 13.55 4 .28 
66 . 94 1.13 1.29 • 79 . 85 .63 1.07 .43 
67 .45 .37 .53 .40 . 34 .23 .42 . 25 
68 .44 .32 . 32 . 27 . 17 .16 . 21 . 13 
69 9 .so 8.06 7 .12 5 .30 4 . 01 3.48 4 . 91 3 .25 
70 1.83 l. 73 1.63 1.18 . 94 . 81 1.15 • 77 
71 2 .28 3 . 02 3 .26 2 . 22 1.95 1.69 2 .54 1.47 
72 . 33 . 27 .33 .19 . 18 .17 .30 . 13 
73 .47 .41 1.24 .90 . 37 .59 .92 1.07 
74 1.54 1.20 1.60 .94 .56 .45 . 90 .49 
75 1.26 1.19 1.53 1.07 . 71 .55 1.11 . SI 
76 .81 . 95 .86 . 59 . 55 . 39 . 72 . 31 
77 12 .44 17 .83 18.62 12 .89 12 . 53 9.96 14 . 61 8. 76 

See footno t e at end of tab le. 
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TABLE A- 2. - Hass spectral data for eight alkyl - o - tolyl sulfides --Continued 

Alkvl substituent . .......... .. 
m/e 

78 
79 
80 
81 
82 
83 
84 
85 
86 
8 7 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
I ll 
112 
113 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
145 
146 
14 7 
148 
14 9 
150 
151 
152 
153 
154 
155 
156 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
177 
178 

See footnote at en d of table. 

2-Methyl- 1-
(1 - thiaethyl) -

benzene 

Methvl 

5.41 
7. 63 

. 59 
1. 0 1 
l.94 

. 66 

. 68 

. 65 

. 93 

. 79 

.45 
8. 54 
6. 23 

37. 76 
6 .81 
2. 64 

. 53 
1.32 

. 66 
2. 14 

. 21 

. ll 
-

.04 

.19 

.77 

. 71 
3. 14 

. 39 

. 15 
1. 57 

. 55 

. 52 

.41 

. 20 
-
-

. OS 

. 19 

. 06 

. 17 

. 27 
10. 22 
3. 56 

56. 52 
s. 21 
2. 65 

. 21 

. 03 

-
-
-
-
-

.08 

. 60 

. 72 

. 21 
2. 52 

100. OOP 
~ 

4. 77 
. 39 
.04 

-
-
-
-
-
-

. 04 (imp) 

. 32( imp) 

. 06(imp) 

. 03(imp) 

.03(imp) 

. 02 (imp) 
-
-
-
-
-
-
-
-
-
-
-
-

2- Meth y l - 1-
(1-thiapropyl} -

benzene 

Ethvl 

6 .17 
8. 20 
l.ll 

. 94 
2 . 0 1 

.82 
l. 11 

.47 

. 62 

. 58 

. 36 
7 88 
s . 53 

Sl.82 
8. 06 
3. 87 

. 57 
1. 21 

. 67 
3 .06 

.41 

. 22 

. 16 

. 19 

. 31 

. 85 

.82 

.80 

.19 

. 16 
2 . 14 
1.00 

. 27 

. I 7 
-
-

. 69 

. 28 

.96 

.72 
2. 72 

. 51 
10 OJ 
4 27 

55 . 15 
24. 34 
4. 33 
l. 19 

. IS 
-
-
-
-
-

10 
. 89 

1.40 
.87 

32. 78 
3. 29 
I. 58 

. I S 
-
-
-
-

.14 

.07 

. 34 

. 16 
1.18 

100. OOP 
lQ.67 

4.88 
.46 
.OS 

-
-
-
-
-
-
-
-
-
-
-
-

2-Methyl-1 -
( 1- thiabutyl) -

benzene 

n - Pr oovl 
Relative 

6. 53 
8 . 26 
l. 28 

. 78 
l. 79 

. 90 
l. 18 

.4 5 

. 52 

. 54 

.40 
8.45 
6. 19 

71. 97 
6. 95 
5. 17 

. 60 
l. 11 

. 66 
3. 57 

.47 

. 19 
-

. 06 

. 27 
1.10 
l. 17 
l.86 

. 33 

. 15 
2. 17 
1. 19 

. 31 

. 17 

.04 
-

. 68 

. 34 

. 59 

. 27 

. 31 

. 27 
9.41 
3. 62 

21. 21 
82. 20 

7 88 
J 90 

. 34 

.15 

.11 

. 06 
21 

. 15 

.49 
1.22 
2 .00 

. 61 
60.48 

6.02 
2. 95 

. 27 
-
-
-
-

. 28 

. I 7 

. 37 

. 15 
1.46 

. 23 

.09 
-
-
-
-
-

. 23 

. 14 

. 59 
100.00P 
11.80 

S . 06 
. 51 

-
-
-

2-Methyl - 1-
(2 -methy l - 1 -
thiapropyl) -

benzene 
Isooroovl 

intensities 1 

3 . 94 
s . 67 
1.07 

. 60 
l. 32 

. 59 

. 95 

. 27 

.32 

. J2 

. 28 
s. 68 
S. JS 

61.32 
s. 25 
1.00 

. 21 

. 77 

. 45 
2.06 

. 35 

. II 

.08 

. I S 

.09 

. 53 

. 12 

. II 
1 54 

. 73 

. 23 

. 10 

. 51 

. 26 

. 70 

. 8 1 

. 19 

. 12 
5 . 21 
1.50 

11.89 
100.00 
~ 

4 . 57 
. 37 
. 07 
. OS 

.07 

. 06 

. 19 

. 55 

. 60 

. 70 

. 99 

. 26 

.06 

. 19 

. II 

. 59 

. 15 
4 . 44 

.82 

. 25 

.04 

. 06 

. 04 

. 30 
59. 34P 
6.85 

2 . 96 
. 29 
. 02 

2 -Methyl - 1- 2 -Methy l - 1-
(1 - th iapentyl) - (2-methyl-1 -

benzene thiabu ty l ) -
benzene 

n- Butv l s -Butvl 
oercent--Continued 

4. 23 
s. 64 

. 79 

.43 
1.04 

. 51 

. 74 

.43 

.40 

. 63 

. 37 
5. 38 
3.84 

43. 73 
4 . 31 
2. 69 

. 29 

. 61 

.41 
2. 22 

. 28 

. 13 

.OS 

. 18 

. 70 

. 79 
1.38 

.19 

.09 
1. 36 

. 70 

. 23 

.11 

. 52 

. 23 

.34 

. 28 

. 70 

. 30 
6.1) 
2 . 32 

13. 26 
100. 00 
9.17 

4. 71 
. 39 
. 13 
. 09 
. 07 
. 17 
.04 
.0 9 
.85 

1. 67 
.47 

29 .15 
3 . 32 
1.44 

. 14 

. 03 

. 03 

. 03 

. 25 

. 09 

. 35 

. 10 
2. 21 

. 28 

.09 

.04 

. OS 

. 24 

.04 

. 06 

3 . 04 
4 . 77 

. 75 

. 38 

.89 

.43 

. 67 

. 23 

. 23 

. 51 

. 29 
4. 29 
3. 58 

40. 22 
3 . 69 

. 63 

. 12 

. 52 

. 32 
l. 54 

. 23 

.09 

. 09 

. 16 

. 10 

. 56 

. 11 

. 09 
l. 16 
.so 
. 17 
. 07 

. 56 

. 24 

. 75 

. 93 

. 21 

. 11 
J. 90 
1. 05 
8. 76 

100. 00 
~ 

4. 67 
.40 
. 11 
. 0 7 
.06 
.09 
.OS 
. 04 
. 56 
. 77 
.83 

1.22 
. 18 
. 07 

. 03 

. OS 

. 25 

. 16 

. 71 

. 20 
9. 66 
l. 18 

.49 

.OS 

.04 

. 16 

. OS 

. 52 

. 12 

. 03 

.03 

. 03 

2 -Methyl - 1-
(3-methyl-1-
thiabuty l ) -

benzene 
lsobutvl 

s. 35 
6.09 

.86 

. 55 
l. 26 

. 59 

. 80 

. 45 

. 43 
1. 08 

.44 
6. so 
4. 18 

48 .89 
4. 54 
4. 66 

.45 

. 74 

.45 
2 82 

.32 

.14 

.OS 

. 25 
1.14 
1.30 
1.45 

. 23 

.08 
I 52 

.84 

. 24 

.14 

.45 

. 23 

. 25 

. 13 

. 20 

. 21 
7. 6 1 
3 . 0 1 

10.48 
100.00 
--:TL; 

4. 69 
.42 
. 23 
. 19 
. II 
. 18 
. 07 
. 10 

1.06 
1.97 

.48 
59 . 25 

7. 59 
2. 99 

.31 

. 03 

. 04 

.04 

. 34 

. 19 

.47 

.13 
1.43 

. I 7 

.07 

.07 

.04 

. 28 

. 07 

. 93 

.48 

. 07 

. 07 

.07 

2- Methyl - 1-
(2, 2- dimethyl-1-

thiapropyl) -
benzene 
t-Bu t v l 

2.44 
3 . 90 

. 57 

.36 

.81 

.54 

. 68 

. 37 

. 21 

. 35 

.17 
3. 21 
2 . 55 

27. 69 
2. 36 

.46 

. 10 

. 47 

. 26 
1.36 

. 19 

. 08 

. 03 

. 06 

.04 

. 14 

. 06 

. OS 
I 02 

. 38 

. 13 

. 07 

.03 

.02 

. 16 

. 09 

. 09 

. 03 

.07 

. 07 
2 .84 

. 73 
4. 67 

100.00 
~ 

4. 68 
. 38 
. 08 
. 06 
. 03 
. 09 
. 07 
. 02 
. 21 
.13 
. 04 
.45 
. 16 
. 04 
. 02 
. 02 

. 02 

. 02 

. 10 

.06 

. 16 

. 04 

.04 

.42 

.06 

.03 

.02 

. 02 

. 07 

.02 
1.44 

. 18 

. 08 

.03 

.02 
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TABLE A- 2. - Mass spectral data for eight alkyl-o-tolyl sulfides--Continued 

2 -Methyl-1 - 2 -Methyl -1- 2 -Methyl-l - 2-Methyl-1- 2-Methyl-1- 2-Methyl-1- 2-Methyl - l- 2-Methyl-1-
(1-thiaethyl) - (l-thiapropyl) - (1 - thiabutyl)- (2 -methyl - 1- (1 - thiapentyl)- (2-methyl-1 - (3 -methyl-1 - (2 , 2-d imethyl -1-

benzene benzene benzene thiapropyl) - benzene thiabutyl) - thiabutyl) - thiapropyl)-
benzene benzene benzene benzene 

Alkvl subst ituent . .. . .. .. . .... Methyl Ethyl n- Pronvl lsopropyl n- Butvl s - Butvl lsobutv l t - Butv l 
m/e Relative intensities l nercent--Continued 
179 - - - - 0. 29 o. 21 o. 56 0.06 
180 - - 0.14(imp) - 66. !OP 44. 28P 77 . 38P 13. 36P 
181 - - - - 8.50 5.71 9.93 Tn 
182 - - - - 3.40 2. 28 3. 96 . 68 
183 - - - - .37 . 25 .42 . 08 
184 - - - - . 04 .02 .03 -
m/e Metastable eaks (X = ore sent 0 "" unde tected) 

25. 2 0 X 0 0 X X X X 
29.5 0 0 0 0 X X X X 
37 .2 0 0 X X X X X X 
38 .8 X 0 0 0 X X X X 
39.1 0 0 X X 0 0 0 0 
40.8 0 0 X X X X X X 
42. 6 0 0 X X 0 0 0 0 
44 . 8 X X X X X X X X 
56. 7 0 0 0 0 0 0 0 X 
57 . 2 X 0 0 0 0 0 0 0 
67 .0 0 X X X X X X X 
68 .o 0 X 0 0 0 0 0 0 
75. 2 0 0 X X X X X X 
76. 5 X X X X X X X X 
77.5 0 0 0 0 X X 0 0 
78 . 5 0 0 0 X 0 0 0 X 
85 . 5 0 0 0 0 X X X X 
88 .2 X X X X 0 0 0 0 
88 .s 0 0 0 0 X X X X 
90 . 5 X X X X X X X X 
93.0 0 0 X X 0 0 0 0 

120.0 X X X X X X X X 
m/e Half neaks (X = nresent 0 = undetected) 

25. 5 0 0 0 0 0 0 0 X 
42.5 X 0 0 0 0 0 0 0 
43. 5 X 0 0 0 0 0 0 0 
44. 5 X 0 0 0 0 0 0 0 
45. 5 X X 0 0 0 0 0 0 
46 . 5 X X 0 0 0 0 0 0 
47 . 5 X X 0 0 0 0 0 0 
52. 5 X 0 0 0 0 0 0 0 
58 . 5 X X X 0 0 0 0 0 
59. 5 X X 0 0 0 0 0 0 
60 . 5 X X X X X X X X 
61. 5 X X X X X X X X 
66. 5 X 0 0 0 0 0 0 0 
67 .s X X X X X X X X 
68.5 X X X X X 0 X X 
69.5 X 0 0 0 0 0 0 0 
73.5 0 0 X X X X X X 
74.5 0 0 X X X X X X 
75. 5 0 0 0 X 0 0 0 0 
80.5 0 0 0 0 0 0 X 0 
81.5 0 0 0 0 0 0 X X 
82. 5 0 0 0 0 0 0 X X 

1 Underlined values 1.nd1cate par ent and base peaks. Parent peaks are further noted with a "P" after the appropriate relative 1.ntens1ty . Ion contri ­
butions due to impurities are indicated by 11 imp" after the appropriate relative intensities. 

TABLE A-3. - Mass spectral data for eight alkyl- m-tolyl sulfides 

3-Methyl - 1- 3 -Methyl - 1- 3 -Methyl - 1- 3 -Methyl -1- 3 -Methyl - l - 3 -Methyl -l- 3 -Methy l-1- 3 -Methyl - l-
(1 - thiaethyl) - (1 - thiapropyl) - ( l- thiabut yl) - (2-methyl - 1- (1 - thiapentyl) - (2 -methyl -1- (3 -methy l- l - (2, 2-dimethyl-1-

benzene benzene benzene thiapro pyl ) - benzene thiabutyl) - thiabutyl) - thiapropyl) -
benzene benzene benzene benzene 

Alkvl substituent.. . . Meth v l Ethv l n - Pronvl Isopronv l n-Butvl s - Butvl Isobutvl t-Butvl 
Molecular weight 138 152 166 166 180 180 180 180 
Magnetic field, gauss 3,225 3,22 5 3,225 3,225 3,225 3 , 225 3,225 3 , 225 
Sensitivity, divisions/micron 

Base peak 59. 99 48.37 40. 96 64 . 76 60.42 77.47 48. 16 94 . 79 
Parent peak 59 . 99 48.37 40. 96 37. 54 39.37 34 . 43 36.01 13. 30 
n-Butane, m/e 43 peak 49. 28 49. 28 49. 28 49. 36 49. 36 49 . 43 49 . 36 48 .08 

Ionizimz current micr oamoeres 10 10 10 10 10 10 10 10 
m/e Re lative intensities 1 oercent 

········ · · 

24 0.03 0. 07 0 . 04 - - - - -
25 . 15 . 63 . 22 0 . 13 0.11 0.09 0.08 0.05 
26 1.53 7. 99 4. 38 2. 13 3.49 2. 31 2 .02 1.02 
27 4.45 28. 63 36. 73 21.08 25 . 57 17 .48 22.84 9.46 
28 . 22 2. 60 2 . 27 1.09 4. 18 2.46 2 . 23 1.35 
29 . 21 18.34 5.12 . 31 29. 53 27. 12 25. 64 16. 92 
30 - .40 . 12 - .64 . 61 . 57 . 39 
32 . 57 .48 .47 . 22 . 20 .14 . 22 . 13 
33 . 27 .37 . 26 . 15 . 13 . 11 . 14 . 09 
34 . 21 .39 . 33 . 19 . 26 . 15 . 23 .11 
35 .08 .71 .06 .04 . 11 .12 . 07 . 02 
36 .11 .07 .07 . 05 .02 .03 .04 .02 
37 I. 75 1.26 I. 54 1. 08 . 59 . 50 . 91 . 55 
38 4. 24 3.67 4. 79 3. 27 2 . 20 I.Bl 3. 26 I. 79 
39 18.48 20.38 34.00 23. 30 20. 55 17. 63 31.07 17 .02 
40 1.33 1.45 2. 97 2.13 I. 65 I. 39 2.81 I. 65 
41 2.34 2 . 80 21. 67 16. 35 17 .03 17. 98 28. 38 20. 29 
42 . 11 .13 I. 76 1.28 1.07 1.04 2.44 I. 14 

See foot note at end of table. 
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TABLE A-3. - Mass s pectral data for eight alkyl -m- tolyl sulfides --Continued 

3-Methyl - 1- 3 -Methyl -1- 3 -Methyl - l - 3 - Methyl-1- 3-Methyl-1- 3 -Methyl - 1 - 3-Methyl-l - 3 - Methyl-1 -
(1-thi aethyl)- (1 -thiapropy l) - (1-thiabutyl) - (2-methyl - 1- (1 -thiapentyl) - (2 -methyl-1 - (3-methyl-1- (2, 2 - dimethy 1-1-

be nzen e benzene benzene thiapropyl)- benzene thiabutyl)- thiabuty 1) - thiapropyl)-
benzene benzene benzene benzene 

Alkvl substituent. . .. ........ . Methvl Ethvl n - Proovl Isooroovl n-Butvl s - Butvl tsobutvl t-Butvl 
m/e Relative in t ensities oercent - -Continued 

43 0.28 o . 20 15 .87 20. 95 o . 98 0.18 5 .69 0 . 66 
44 .55 .31 . 73 . 76 . 20 .12 .32 .10 
45 25 . 9 1 30.04 44.84 18.24 27. 77 15. 35 38. 76 12 .03 
46 3 .48 l. 72 2 . 60 .55 1.52 .48 2. 13 . 34 
47 3.46 2. 09 3 .52 1. 42 2 .47 1.19 2. 97 . 91 
48 .43 .11 .19 .05 . 10 .05 .16 . 03 
4 9 . 71 .41 . 33 . 24 . 20 .15 .23 . 21 
50 5 .08 4 .41 4 .oo 2.42 2 .34 1.88 2. 92 1.52 
51 8 . 01 9 . 00 9.20 5 . 66 5 . 74 4 .29 6. 74 3 . 58 
52 2 .26 2 .85 3 .oo l. 93 1.89 1.57 2 .32 1.29 
53 2 .56 4 .05 4 .26 2.82 3 . 61 3 . 19 4 .56 2 . 35 
54 . 17 .22 . 23 . 15 . 32 .26 . 35 . 24 
55 .14 .15 .11 .05 3 .43 2 . 82 4 .OS l. 98 
56 . 12 .08 .04 .02 . 64 . 69 . 73 . 88 
57 1.16 1.47 1.10 .84 5 . 68 11.50 20.21 35 . 33 
58 1.49 2. 97 2 .52 l. 92 1.61 1.54 2 .oo 2 .15 
59 1.07 4 .33 2 . 90 3.98 2 .44 3 .66 2 . 52 l. 74 
60 .57 1.59 .45 .55 .47 .54 . 29 . 15 
61 2.12 3.02 1.06 . 75 .64 . 66 . 70 .36 
62 4 .42 3.60 3 .25 1.81 1. 66 1.19 2 . 09 . 90 
63 10 . 5 l 9.91 10.20 5. 72 5. 84 4. 17 7 . 33 3.02 
64 2 . 35 2 .29 2 .52 1. 33 1.49 1.03 1. 93 .70 
65 10.30 12 . 71 16 . 91 8 . 06 10. 70 6 . 74 13. 90 4. 10 
66 .84 1. 15 1.52 .82 .92 . 66 1.13 .45 
67 .38 .44 . 55 . 39 . 36 . 31 .43 . 32 
68 . 77 . 38 .41 . 26 . 24 . 18 .37 . 19 
69 8.45 7 .85 6 .85 5 .22 4 .10 3 .59 4.88 3 . 29 
70 1.55 1.56 1.48 1.05 . 85 . 75 1.03 . 66 
71 2 . 02 2 . 97 4.01 2 . 12 l. 98 1.69 2 . 55 1.41 
72 . 37 . 26 .35 . 19 . 19 .18 . 35 . 12 
73 .43 .41 1.34 . 92 . 4 7 . 76 1.07 1.37 
74 1.36 1.14 1.50 . 88 . 59 .46 . 95 .46 
75 1.14 1.17 1.51 1.05 . 77 .58 1.13 .49 
76 .82 1.09 . 99 . 59 . 62 .42 1.00 . 33 
77 10 . 37 15 . 62 17 .33 10. 82 10.82 8 .45 12 .63 7. 10 
78 5 .23 6 . 30 6.57 4 . 05 4 . 29 3. 19 4 . 95 2 . 53 
79 8 . 89 9.04 10 . 60 7 . 34 7 . 29 6.32 7. 69 4. 98 
80 .81 2 .08 2 . 26 l. 84 1.36 1.26 1.38 . 94 
81 1.08 1.11 . 94 . 70 .52 .46 . 65 .51 
82 2 .1 9 2 . 37 2 . 29 l. 64 1. 31 1.11 1.53 1.00 
83 1. 02 1.49 1. 72 1.46 . 90 . 76 1.01 l. 12 
84 .6 9 1.38 1.39 1.55 . 86 . 78 . 89 .81 
85 . 70 .61 .59 . 34 .52 . 30 . 55 .49 
86 . 91 . 67 .59 . 33 .44 .25 .48 . 21 
87 . 74 . 56 . 59 .32 .58 .48 . 95 . 33 
88 . 29 .30 .35 . 20 . 29 . 22 .35 .11 
89 4 . 94 5 . 17 6 .21 3 .39 3 . 90 2 . 74 4. 75 l. 79 
90 2. 83 3 . 54 4 .05 2. 80 2 .46 1.99 2.81 1.34 
91 32 . 08 61.44 70 .46 54 .20 41.68 35 . 88 44 . 72 24 .19 
92 16 . 18 8.84 7 .15 5 . 01 4 . 58 3 .60 4 . 83 2 .15 
93 3 .46 5. 71 6.43 1.05 3 . 22 .68 5. 24 .46 
94 .45 .62 . 71 .20 . 33 .12 .49 .09 
95 1.19 1.29 1.17 .80 .64 .54 . 76 . so 
96 .66 . 65 .61 .42 .38 . 30 .42 .29 
97 2 .56 3 . 81 4 .32 2 .38 2. 73 1.88 3 . 27 2.41 
98 . 29 .57 .62 .45 .38 .30 .42 .31 
99 . 14 . 21 .25 .14 . 15 .11 . 18 .09 

100 - .07 .04 .03 .03 .03 - -
101 .08 .22 . 07 .03 .06 .04 . 07 
102 . 22 . 41 .27 .09 .20 .11 . 25 . 02 
103 1.25 1.23 1.32 .17 .83 . 19 1.25 .05 
104 . 95 1.14 1.39 .10 . 88 . 12 1.35 .03 
105 17. 90 1.19 2 . 96 . 72 2. 92 .84 2. 78 . 22 
106 1. 68 .25 .55 .15 .39 . 14 .41 . 07 
107 .21 .22 . 18 .16 .12 . 13 . 13 .08 
108 2 . 58 3 . 55 3 .58 2 .68 2 .40 2 . 08 2.57 1.83 
109 .49 1.63 1. 76 1.09 1.03 . 79 1.16 .61 
110 .32 . 39 .40 .28 .28 .23 .29 . 18 
111 .2 7 . 26 .21 . 12 .14 . 10 .17 .21 
112 .07 .04 - - - - - . 18 
113 - - - - - .09 
115 - .6 7 . 67 .54 .51 .61 . 52 . 16 
116 - . 30 . 39 .2) .24 .28 .29 . 09 
117 . 12 1.19 . 75 .95 .48 1.03 .31 . 11 
118 - .83 . 33 1.09 .42 1.23 . 19 .02 
119 .11 5 .80 .30 . 22 1.09 .27 .25 .05 
120 .21 . 73 .22 .10 .53 .10 .18 .05 
121 7 .05 6. 74 6.51 3.50 4 .14 2. 73 4.87 2.03 
122 2 .44 2 . 58 3 .05 1.10 1.96 .92 2 .55 .69 
123 23 . 54 12.62 13 .39 11.18 11.04 11.00 9 . 96 6.52 
124 2 .06 32 . 50 86. 83 100 . 00 100 . 00 100 . 00 100 .oo 100 . 00 
125 1.05 3 .23 8.18 9Ts ~ ~ 9Ts ~ 
126 . 09 1.52 4 .02 4. 76 4 . 79 4 . 76 4 . 77 4 . 77 
127 - .20 .37 . 38 . 41 .42 .47 . 39 
128 - . 16 . 08 . 15 . 12 .25 . 08 
129 - - . 13 .05 . 13 .10 .23 . 05 
130 - - . 07 . 03 . 11 .07 .17 . 03 
131 - - .2 2 . 13 . 52 . 14 .29 . 12 

See foo tno t e at e nd of table . 
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TABLE A-3. - Mass spectral data for eight alkyl - m-tolyl _sulfides --Continued 

3-Methyl-1 - 3 -Methyl -l- 3-Methyl -l- 3-Methyl -1- 3 -Methyl - 1- 3-Methyl - l- 3-Methyl - l- 3-Methyl - 1-
(1-thiaethyl)- ( 1- thiapropyl) - (1 - thiabutyl) - (2-methy l-1- (1-thiapenty 1) - (2-methyl - 1 - (3 -methyl -1 - (2, 2 -d imethyl-1-

benzene benzene benzene thiapropyl) - benzene thiabutyl) - thiabutyl) - thiapropyl)-
benzene benzene benzene benzene 

Alkvl s ubstituent. . . . ..... . ... Methvl Ethvl n-Proovl I s ooroovl n -Butvl s-Butvl lsobutvl t-Butvl 
m/e Relative intensities 1 oercent- - Continued 
132 - 0 . 19 0.09 0.10 0.07 0.11 0.10 
133 0 . 05 0.11 .29 . 21 . 18 . 05 .13 . 02 
134 .29 . 78 1.02 .45 • 78 . 46 . 78 . 14 
135 . 76 1. 77 2 .25 .64 I. 70 . 74 1.84 . 12 
136 . 30 1.03 . 77 . 92 .63 I.OS .54 . 03 
137 5. 77 52 . 98 72 .65 1.09 36.21 I.SO 69 . 77 .39 
138 100.00P 5.05 7 .43 . 16 4 .31 .22 9 .48 .05 
139 9T!""° 2.57 3. 70 .07 1.83 . 09 3 .61 .05 
140 4 . 79 . 22 .32 - .20 .41 .02 
141 . 39 - .03 - .03 .05 . 02 
142 .03 - - - - - -
145 - - - . 08 .05 .10 . 02 
146 - - - .09 . 07 .08 . 02 
14 7 - . 15 . 33 .20 . 29 .29 .44 .11 
148 - . 09 . 19 . 16 . 14 . 22 .27 .08 
149 - .41 .51 .71 . 52 . 88 . 61 . 13 
150 .22 . 16 . 21 .15 . 28 . 17 . 04 
151 - 1.83 1.38 6 .39 2 . 83 13 . 85 1.66 . 03 
152 - 100.00P . 21 . 77 . 34 1.53 . 18 
153 - ~ . 07 .33 . 15 . 69 • 16 .17 
154 - 4 . 81 . 04 - . 07 - . 02 
155 - . 43 - - -
156 - .04 - - - -
161 - .06 . 06 . 06 .12 .02 
162 - - - - - .04 .07 -
163 . 23 .10 . 09 .23 .36 .08 
164 - .05 (imp) .19 .10 - . 07 . IQ . 02 
165 - . 79 . 46 . 16 . 77 .81 1.51 
166 - - 100 . 00P 57 .97P . 16 . 14 . 14 . 18 
167 - - 11.80 6.81 . 03 . 05 .os . 09 
168 - - 5 .02 2 . 89 - - .09 
169 - - . 51 . 30 - - - .02 
170 - - .04 . 03 - - - -
177 - - - - . 03 . 03 .06 .02 
178 - - - . 16 . 08 . 07 .03 
179 - - - - .56 . 30 .62 .09 
180 - - .07(imp) 65 . ISP 44 .44P 74. 78P 14 . 03P 
181 - - s":46 5.69 9.57 1.83 
182 - - - 3.37 2 .31 3 .85 . 74 
183 - - - . 37 .26 .42 . 08 
184 - - - .04 .03 . 05 -
m/e Metastable peaks (X = present 0 = undetected) 

25 .2 0 X 0 0 X X X X 
29.5 0 0 0 0 X X X X 
37 . 2 0 0 X X X X X X 
38.8 0 0 0 0 X X X X 
39.1 0 0 X X 0 0 0 0 
40 . 8 0 0 0 X X X X X 
42 . 6 0 0 X X 0 0 0 0 
44.8 X X X X X X X X 
56 . 7 0 0 0 0 0 0 0 X 
62 . 5 X 0 0 0 0 0 0 0 
67 .o 0 X X X X X X X 
75 .2 X X X X X X X X 
76 .5 X X X X X X X X 
78 .5 X X X X X X X X 
80 .0 X 0 0 0 0 0 0 0 
85 .5 0 0 0 0 X X X X 
88.2 X X X X X X X X 
90.5 X X X X X X X X 
93 .o 0 0 X X 0 0 0 0 

120 . 0 X 0 X X 0 X X 0 
m/e Half peaks (X = present O = undetec t e d) 

42 .5 X 0 0 0 0 0 0 0 
43.5 X 0 0 0 0 0 0 0 
45 .5 X 0 0 0 0 0 0 0 
46 .5 X X 0 0 0 0 0 0 
47 .5 X 0 0 0 0 0 0 0 
48.5 X 0 0 0 0 0 0 0 
52 .5 X 0 0 0 0 0 0 0 
58.5 X X X X 0 0 0 0 
59.5 X X 0 0 0 0 0 0 
60.5 X X X X X X X X 
61.5 X X X X 0 X X X 
67 .5 X X 0 X X X X X 
68.5 X X 0 X X X X X 
69.5 X 0 0 0 0 0 0 0 
73 .5 0 0 X X X X X X 
74 .5 0 0 X X X X X 0 
75 . 5 0 0 0 X 0 X 0 0 
76.5 0 X 0 0 0 0 0 0 
80.5 0 0 0 0 0 0 X 0 
81.5 0 0 0 0 0 0 X 0 
82 . 5 0 0 0 0 0 0 X X 

Underlined values indicate parent and base peaks. Parent p pprop 
cont ributions due to impurities are indicated by "imp" after the appropriate relative intens itie s . 



16 

TABLE A-4. - Mass spectral data for eight alkyl - p-tolyl sulfides 

4 -Methyl - 1- 4-Methyl-1- 4-Methyl-1- 4-Methyl-1- 4-Methyl-1- 4-Methyl-l- 4-Methyl-1- 4-Methyl-1-
(1-thiaethyl) - (1 - thiapropyl) - (1-thiabutyl) - (2 -methyl-1- (1-thiapentyl)- (2-methyl-1- (3-methyl-1- (2, 2-dimethyl-1 -

benzene benzene benzene thiapropyl) - benzene thiabutyl)- thiabutyl)- thiapropyl) -
benzene benzene benzene benzene 

Alkvl substituent . .. .. . .... . .. Methvl Ethvl n-Propyl lsopropyl n-Butvl s-Butvl Isobutyl t-Butvl 
Mo l ecular weight 138 152 166 166 180 180 180 180 
Magnetic field, gauss 3,225 3,225 3,225 3,225 3,225 3,225 3,225 3,225 
Sensitivity, divisions/micron 

Base peak 59. 13 50. 68 44.89 64.42 57. 38 80. 14 50. 26 96 95 
Parent peak 59. 13 50. 68 44.89 38.51 43. 32 35. 21 39. 81 13. 74 
n - Butane, m/e 43 peak 48 .08 48 .08 48. 37 48.37 48. 37 1,8. 37 48. 37 48 . 37 

Ionizincr current microamoer es 10 10 10 10 10 10 10 10 
m/e Relative intensities l oercent 

24 0.03 0. 07 - 0.02 - - - -
25 . 17 . 60 0 20 . 14 0.13 o . 09 0. 09 0.05 
26 1.80 7 . 75 4. 11 2. 31 3.81 2. 32 2. 10 1. 09 
27 4. 80 27 .41 34. 17 21.30 26.85 17. 06 21. 97 9. 34 
28 . 29 2 .81 2. 50 1.27 4.48 2. 69 1.84 1.47 
29 . 13 16. 79 4 09 . 32 32. 01 25. 76 24. 77 15. 92 
30 - . 36 .09 - . 70 . 57 . 56 . 37 
32 . 52 . 50 . 26 . 24 . 20 .15 . 24 . 17 
33 . 28 . 32 . 19 . 16 .13 . 10 . 13 . 09 
34 . 20 . 34 . 25 . 22 .19 . 14 . 20 . 12 
35 . 08 . 58 .04 .03 .10 . 10 .06 . 02 
36 .10 .06 .07 .05 . 03 .03 .03 . 03 
37 I. 60 1.03 1.29 1.00 . 56 .44 .85 .48 
38 3. 64 2. 78 3 .80 2 . 87 2 02 I. 50 2.86 1. 50 
39 15. 96 15. 76 27. 22 20.89 19. 24 15. 37 27 .80 15. 02 
40 1. 16 I. 14 2. 46 2.02 1. 60 1. 26 2. 66 I. 51 
41 2. 03 2. 37 18. 71 15 .83 17. 61 16. 70 27 . 39 18. 61 
42 . 09 .10 1. 71 I. 37 1.21 1.06 2. 93 1.09 
43 . 17 . 11 14.28 18.80 . 81 . 16 5. 19 . 51 
44 . 22 . 32 . 64 . 70 . 20 .11 . 29 . 11 
45 23. 92 33. 28 40. 65 17. 75 28 . 89 14.07 37. 76 11. 24 
46 3. 19 I. 57 2. 25 . 54 1.52 .44 I. 98 .32 
47 3 . 09 2. 00 3.09 1. 37 2.40 1.08 2. 76 .85 
48 .42 . 12 . 15 .06 . 10 .04 . 13 .04 
49 . 75 .43 . 33 . 28 . 19 . 15 . 23 . 21 
50 5. 60 4 .50 3 . 93 2. 63 2 . 62 1. 90 3. 02 1. 60 
51 8.43 8. 75 8. 67 5. 91 6. 16 4.47 7 . 10 3. 64 
52 2. 36 2. 68 2. 75 1.96 1. 99 1. 52 2. 27 I. 26 
53 2. 70 4.01 4. 23 3 . 05 3. 92 3. 20 4. 53 2. 65 
54 . 18 . 23 . 23 . 16 . 35 . 26 . 35 . 23 
55 .06 .09 .09 . 04 3. 09 2. 32 3. 24 1.83 
56 .14 .08 . 03 . 03 . 55 . 60 .64 .80 
57 1.02 1.28 . 93 . 78 6. 19 10.03 19. 23 27. 10 
58 1.30 2 41 I. 95 I. 62 1.47 I. 28 I. 76 1. 69 
59 .89 3 48 2. 32 3. 58 2. 12 3. 27 2.10 1. 50 
60 . 56 I. 13 . 35 .48 .46 .45 . 29 . 14 
61 2 03 2. 38 . 93 . 70 . 59 . 58 . 62 . 33 
62 4 04 3 22 2.82 1. 74 I. 68 I. 10 1.98 . 85 
63 9. 93 8. 59 8 . 67 5. 28 5. 64 3. 70 6. 66 2. 73 
64 2. 14 1. 94 2 . 06 1.18 1.40 .87 I. 75 . 60 
65 9 04 10. 38 13.45 7 .02 9. 66 5. 61 11.89 3. 50 
66 . 78 . 97 1. 19 . 75 .86 . 58 1.00 . 40 
67 . 34 . 35 .46 . 39 . 35 . 30 .41 . 29 
68 . 53 . 34 .32 . 24 . 21 . 17 . 29 .17 
69 9 . 85 8. 97 7. 95 6 . 22 5. 15 4.06 5. 61 3. 66 
70 2. 16 2. 16 2. 01 1. 57 I. 35 1. 07 1.49 . 95 
71 2. 36 3. 35 3. 58 2. 54 2 . 45 1. 90 2.86 1. 63 
72 .44 . 28 . 36 . 23 . 23 . 19 . 34 . 15 
73 . 50 . 39 . 91 . 81 . 38 . 53 .80 1.06 
74 1.34 1.07 1.26 .81 . 54 . 38 . 72 .40 
75 1. 10 1.07 1.26 . 93 . 75 . 53 . 97 .44 
76 . 79 . 95 .87 . 53 . 65 .40 . 69 . 34 
77 10. 31 14. 98 15. 99 11. 15 11.98 8.44 13 .04 7 .01 
78 5. 57 5. 71 5.85 4.01 4. 37 3.01 4. 75 2. 38 
79 10. 21 10 . 66 11.19 8. 65 9 . 19 6.88 9.00 5 . 70 
80 . 75 I. 59 1. 68 1.49 1.21 1.04 1. 19 . 79 
81 . 75 .77 . 64 . 53 .40 . 32 .48 . 33 
82 I. 74 I. 90 1. 70 1.35 1.12 .89 1.24 . 80 
83 . 71 1.01 1.04 . 78 . 70 . 56 . 76 . 75 
84 . 59 I. 17 I. 18 1.03 .84 . 71 .82 . 79 
85 . 67 .49 .45 . 28 . 48 . 24 .47 . 52 
86 . 94 . 64 . 53 . 33 .48 . 24 .48 . 21 
87 . 78 .58 . 55 . 32 . 59 .42 .86 . 30 
88 . 30 . 27 . 31 .19 .30 . 21 .38 .11 
89 4. 52 4.40 5.13 3.08 3. 68 2. 38 4. 26 1. 62 
90 2. 18 2. 97 3. 38 2. 56 2. 39 1.79 2. 57 1.26 
91 47. 77 58.88 68. 35 62. 91 47. 83 41.13 47 .49 29. 55 
92 8 . 53 7. 77 6. 67 5 . 54 4. 65 3 .82 4. 64 2. 52 
93 2. 57 5. 12 5. 63 1. 15 3. 20 . 67 4.87 .48 
94 .43 . 56 . 64 . 22 .34 . 13 .47 .09 
95 I. 65 1.81 1. 65 I. 24 1.08 .82 1.15 . 72 
96 .80 .80 . 76 . 57 . 59 . 39 .55 .33 
97 2. 32 3. 54 3.85 2 . 34 2 . 79 1. 77 3. 14 1. 57 
98 . 25 . 50 . 55 .42 . 38 . 28 .40 . 24 
99 .13 . 20 . 21 . 13 . 15 .10 . 16 . 09 

100 - .08 - . 03 . 03 - - -
101 . 05 . 19 .06 . 03 . 05 - . 06 -
102 . 16 .33 . 24 . 08 . 18 . 09 . 23 .03 
103 . 73 1.03 1.07 . 15 . 77 . 17 1.10 .06 
104 . 52 . 97 1.11 . 09 .80 .10 1.17 .03 
105 4. 36 ~-07 2. 13 . 63 2 . 12 . 67 2.02 . 18 

See footnote at end of table. 
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TABLE A-4. - Mass spectral data for eight a lkyl-p- tolyl sulfides--Continued 

4-Methyl- l- 4-Methyl-1- 4-Methyl-1- 4-Methyl -1- 4 -Methyl -1- 4-Methyl-1- 4 -Methyl - 1- 4 - Methyl -1-
(1- thiaethyl ) - (1 - thiapropy l ) - ( 1- thiabuty l )- (2 -methyl - 1- (1 - thiapentyl) - (2- methy l-1- (3 -methyl - 1- (2, 2- dimethyl - 1-

benzene benzene benzene thiap ropyl) - benzene thiabutyl) - thiabutyl) - thiapropyl) -
benzene benzene benzene benzene 

Alkvl substituent ..... . ....... Methvl Ethvl n-Pronv l Isopr opv l n-Butyl s - Bu tv l I sobutv l t-Butvl 
m/e Relative intensiti es oercent--Cont inued 
106 o. 51 o. 23 0. 33 0.14 0. 28 0 . 12 0. 29 0. 06 
107 .16 . 18 . 15 .13 .11 . 10 .11 . 06 
108 2.47 3.32 3. 23 2. 54 2 . 49 1.94 2. 51 1. 65 
109 .49 1.32 1. 36 . 95 . 93 . 66 1. 00 . 51 
110 . 30 .31 . 33 . 25 . 27 . 19 . 27 . 15 
111 . 25 . 18 . 16 .09 .13 .08 . 14 . 10 
112 .09 - - - - . 05 
113 - - - - - - - . 03 
ll 5 - .50 . 57 .45 .44 .49 . 42 . 12 
ll 6 - . 22 . 28 . 21 . 18 . 21 . 21 . 07 
ll7 . 13 .81 . 51 . 79 .41 .85 . 26 . 09 
ll8 . 03 .55 . 27 . 90 . 32 . 98 . 17 . 02 
ll9 . 13 2.37 . 21 . 20 .81 . 24 .23 . 05 
120 . 28 . 39 . 21 . 11 . 29 . 10 . 19 . 06 
121 8. 93 7.33 6 . 69 4.46 5 . 18 3. 27 5 . 59 2 . 41 
12 2 4. 79 3.10 3.32 1. 66 2 . 55 1. 29 2 .84 . 89 
123 34 . 06 20.85 19. 78 16. 25 18 . 33 15.01 16 . 12 8 . 97 
124 3 . 20 26.14 76. 98 100. 00 100.00 100. 00 100. 00 100. 00 
125 1. 61 3.30 7. 32 9T9 9Ts ~ 7:35 ~ 
126 .13 1.41 3. 63 4. 74 4 . 73 4. 69 4 . 73 4. 72 
127 - . 23 . 32 . 37 .39 .39 .43 . 38 
128 - . 13 . 07 . 13 .10 .22 .07 
129 - - . 09 . 03 . 10 .06 . 19 .05 
130 - - . 07 . 02 .08 . 05 . 13 .03 
131 - . 14 . 05 . 23 .09 . 20 .09 
132 - .11 . 06 .05 .04 .07 . 07 
133 . 05 .11 .17 .11 .08 . 03 .09 . 03 
134 . 52 . 67 .80 . 36 . 67 . 38 . 66 . 12 
135 . 74 1. 56 1. 76 . 57 1.53 . 61 1. 54 . 10 
136 .47 . 90 . 68 . 74 . 55 .81 . 64 . 03 
137 15. 56 5 1.84 68.17 1. 16 38. 28 1.24 66 . 08 . 32 
138 100. OOP 4. 99 6 . 67 . 15 4 .37 . 17 8. 32 . 05 
139 l(}.03 2.48 3. 30 . 06 1.89 . 06 3. 34 . 03 
140 4. 77 . 23 . 28 - . 18 - . 35 . 02 
141 .43 . 04 . 03 - . 03 - .04 . 03 
142 . 03 - - - - - - -
145 - - - .03 . 02 .05 . 02 
146 - - - - .04 .04 .05 . 02 
147 - . 14 . 26 . 15 . 23 . 21 . 33 .08 
148 - . 10 . 13 . 12 .11 . 16 . 20 . 06 
14 9 - .38 .44 . 57 .47 . 70 . 52 . 11 
150 - . 28 . 11 . 15 .14 . 23 . 13 . 03 
151 - 2.22 I. 16 4 . 99 2. 51 10. 30 1.49 . 03 
152 
153 

.03(imp) 
-

100.00P 
lQ.68 

.14 

. 05 
. 65 
. 25 

. 29 

. 13 
1.11 

. 52 
. 17 
.07 

-
. 03 

154 - 4.88 - . 03 - . 04 - -
155 - .4 5 - - - - -
156 - .04 - - - - - -
161 - - .OJ - . 05 .04 . 10 .02 
162 - - - - - - . 05 -
163 - - .17 .07 . 06 . 15 . 28 . 07 
164 - . 26 . 13 - . 04 . 09 .OJ 
165 - - .81 . 33 . 13 . 57 . 76 1.36 
166 - - 100 . OOP 59 . 77P . 03 .13 .12 . l 7 
167 - - 11.82 6.99 - .03 .05 .08 
168 - - 5 . 04 2 . 99 - - . 02 
169 - - . 50 . 31 - - -
170 - - . 04 . 03 - - - -
177 - - - - . 03 .06 . 02 
178 - - - . 18 . 11 . 19 . 03 

, 179 
180 
181 

-
-
-

-
-
-

-
. 07(imp) 

-
-
-
-

. 59 
75 . SOP 
9.79 

. 22 
43. 94P 
5.66 

. 69 
79 . 20P 
10. 30 

. 07 
14. 17P 
1.85 

182 - - - 3.89 2. 26 4. 10 . 74 
183 - - - - .43 . 24 .45 . 08 
184 - - - - .03 . 02 .04 -
m/e Metastable oeaks (X = oresent 0 :: undetected) 

25. 2 0 X 0 0 X X X X 
29. 5 0 0 0 0 X X X X 
37. 2 0 0 X X X X X X 
38.8 X 0 0 0 0 0 X X 
39. l 0 0 X X 0 0 0 0 
40.8 0 0 X X 0 X X X 
42. 6 0 0 X X 0 0 0 0 
44.8 X X X 0 X X X X 
46.8 0 0 X 0 0 0 0 0 
50 .8 X 0 0 0 0 0 0 0 
56. 7 0 0 0 0 0 0 X X 
60. 2 X 0 0 0 0 0 0 0 
62. 5 X 0 0 0 0 0 0 0 
67 .0 0 X X X X X X X 
75. 2 0 0 X X X X X X 
76. 5 X X X X X X X X 
78. 5 X X X X X X X X 
85 . 5 0 0 0 0 X X X X 
88 . 5 X X X X X X X X 
90. 5 X X X X X X X X 
93.0 0 0 X X 0 0 0 0 

120.0 X X X X X X X X 
See footnote at end of table. 
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TABLE A- 4. - Mass spectral data fo r eight alkyl-p-tolyl sulfides--Continued 

4 -Methyl-l- 4-Methyl-1- 4 -Methyl-l- 4-Methyl-l- 4 -Methyl - 1- 4 -Methyl-l- 4-Methyl -l- 4 -Methyl-l-
(1-thiaethyl)- {1-thiapropyl) - (1-thiabutyl)- (2-methyl-1- (1-thiapentyl)- (2 -methyl-1- (3-methyl-1 - (2, 2-d imethyl-l -

benzene benzene benzene thiapropyl) - benzene thiabutyl) - thiabutyl)- thiapropyl) -
benzene benzene benzene benzene 

Alkvl substituent. .. .... .. . ... Methvl Ethvl n-oroovl Isonronvl n- Butvl s-Butvl Isobutvl t - Butvl 
m/e Half oeaks (X • oresent O "' undetected) 
42 . 5 X 0 0 0 0 0 0 0 
43. 5 X X 0 0 0 0 0 0 
46. 5 X X X X X 0 0 0 
47. 5 X X 0 0 0 0 0 0 
48. 5 X 0 0 0 0 0 0 0 
52. 5 X 0 0 0 0 0 0 0 
58 . 5 X X 0 0 0 0 0 0 
59 . 5 X X 0 0 0 0 0 0 
60. 5 X X X X X X X X 
61. 5 X X X X X X X X 
67. 5 X X X 0 X 0 X 0 
68. 5 X X X 0 X 0 X X 
69. 5 X 0 0 0 0 0 0 0 
73. 5 0 0 X X X X X X 
74. 5 0 0 X X X X X X 
75. 5 0 0 0 X 0 X 0 0 
80. 5 0 0 0 0 0 0 X 0 
81.5 0 0 0 0 0 0 X 0 
82. 5 0 0 0 0 0 0 X X 

1Underlined va lues i ndicate parent and base peaks . Par ent peaks are further noted with a P after the appropriate relative intensity. Ion cont r 1.bu­
tions due to impurities are indicated by "imp" after the appr opriate relative intensities. 
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