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The mass spectra of the negative ions from the dissociative capture of electrons were
obtained for thiophane and its alkyl derivatives. With a few exceptions, all of these
negative ions of the spectrum contain sulfur atoms: electron capture is not observed
in cyclic compounds — cyclopentane and methylcyclopentane. The principle routes of
dissociation during electron capture were isolated for thiophane and alkylthiophanes
and explain the greater portion of the observed lines.

The use of mass spectrometry of negative ions for the solution of structural and analytical problems
of organic chemistry has deficiencies with respect to information relating to the fundamental principles
of disintegration of molecules of organic compounds during the addition of a "superfluous" electron to the
molecule.

The negative ions of aliphatic sulfides and disulfides have been studied in a number of papers [1-3];
in the present paper, we have for the first time studied the mass spectra of negative ions of alkylthiophanes.
The relative intensities of the observed negative ions are presented in Table 1. (The intensity of the max-
imum yield ions was taken as 100%.)

In contrast to aliphatic sulfides, the mass spectra of the negative ions of alkylthiophanes contain in-
tense M~—1 peaks, the relative amount of which is insignificant for thiophane itself and increases as the
length of the alkyl chain increases. The S~ ions and rearranged SH~ ions characteristic for organosulfur
compounds are observed in high relative yields. The mass spectra of thiophane and alkylthiophanes con-
tain a line with a mass number of 47, to which the SCH;~ ions, also formed by rearrangement of the bonds,
correspond.

An examination of the mass spectra presented in Table 1 made it possible to establish that the larger
group of spectral lines is explained by disintegration of the negative molecular ion via schemes A and B:
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(In scheme A, the ring disintegrates with detachment of still another hydrogen atom.) According to this
scheme, SCH," ions are formed in all of the compounds except 2,5-dimethylthiophane (in which the intensity
of the peak with m/e 46 is insignificant, since only process A to form SC,H;~ is possible), SC3H;™ ions in
2,4-dimethylthiophane, SC,H,” ions in 2-propylthiophane, etc. This scheme explains the higher intensity

of the lines of SCH,~ ions in f~substituted compounds as compared with a-substituted compounds (amyl-
and hexylthiophanes).

All of the mass-spectral ions except CyH;~, which has a low relative yield, contain sulfur atoms. The
center of capture of electrons is probably the sulfur atom, since electron capture does not occur in cyclo-
pentane and methyleyclopentane molecules.
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TABLE 1. Mass Spectra of the Negative Ions of Thiophane and Its
Alkyl Derivatives
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SCyoHye™ 171 1 100|100
SCeH 7~ 157 I 100 100
SCeHis~ 143 ‘ 100 — — 241 —
SC7H3~ 129 100 — 71 86 1o . —
SCeHyy— 115 263 ] 225 164 | — | 28| — 17.2 01| —
SCsHg~ 101 — | = =1 31|81 - 2,1 12 08
SCHq~ 87 06! 12 — — | 833 | 03] 22 07 — 3.0
SC,Hs™ 85 | 003 ~— —_ = = — | 21 0,6 — | 22
SC3Hy~ 73 — 13341 301 21| 04| 15| — — e —
SC,Hay~ 59 371 571 17,5 100 62 73| 83 8,6 104 | 12,0
SCH;3~ 47 041 43| 250| — 2,3 2,1 | 122 39 2,7 | 16,0
SCH,~ 46 | 139 97 | 310 03| 60| 441 127 7.7 7,1 | 128
CqaHs™ 41 151 38| — | -— 19 LI] 10 3.6 241 —
SH- 33 |100 |100 = |100 684 | 533 | 50,5 | 858 96,2 96,0 | 964
S- 32 | 11,01 320 | 125 381 | 160 | 202 | 735 51,8 68,4 | 90,0
Relative 6,4 261 27| 36| 21 1,5 12
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It is apparent from Table 1 that the relative probability of disintegration of the ring during the ad-
dition of an electron is high for thiophane and 2,4~ and 2,5-dimethylthiophane and decreases in molecules
with longer alkyl substituents.

When a "superfluous" electron is added, a much smaller amount of charged fragments is formed as
compared with fragmentation of molecules of alkylthiophanes during the formation of positive ions [4]. No
correlation was observed between the disintegrations of the positive and negative molecular ions.

The last line of Table 1 contains the relative sensitivity, which is the ratio of the current of the ions
of maximum intensity (100%) to the current of ions with m/e 77 in the spectrum of benzene [5] when iden-
tical volumes of the investigated substance and benzene are admitted into the device.

In addition to the ions of the mass spectrum described here, S— and SCZH3_ ions are observed when
thiophane and alkylthiophanes are admitted into the device at electron energies of 5=0.5 eV,

EXPERIMENTAL

The experiments were carried out with an MKh-1303 mass spectrometer equipped for recording neg-
ative ions. The electron energies at which the maximum yields of ions of the mass spectrum presented
are observed are grouped about 8 eV with a scatter of £0.5 eV, The conditions for obtaining the mass spec-
tra are as follows: the temperature of the ionization chamber was 150+ 1°C, the ionizing electron current
was 4.0 pA, and the half-width of the distribution of electrons with respect to energy was 0.5-0.6 eV.

In addition to thiophanes, cyclopentane and methylcyclopentane vapors were admitted into the ion

source, but the formation of negative ions by these molecules was not detected in the range of electron en~
ergies from 0 to 50 eV,
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