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The m a s s  spec t r a  of the negative ions f rom the dissocia t ive  capture  of e lec t rons  were  
obtained for  thiophane and its alkyl der iva t ives .  With a few except ions,  all of these 
negat ive ions of the s pec t rum  contain sulfur  a toms:  e lec t ron capture  is not obse rved  
in cycl ic  compounds - cyclopentane and methylcyclopentane.  The pr inciple  routes  of 
d issoc ia t ion  during e lec t ron  capture were  isola ted for thiophane and alkylthiophanes 
and explain the g r e a t e r  port ion of the obse rved  l ines.  

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 organosnlfur 
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 3- 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: 

F----T-R. i & -  [~c~,~,..,I- 

Li B j ~ scH: 

(In scheme  A, the ring d i s in tegra tes  with detachment  of still  another  hydrogen atom.) According to this 
scheme ,  SCH 2- ions a re  f o r m e d  in all  of the compounds except 2 ,5-dimethyl thiophane (in which the intensity 
os the peak with m / e  46 is insignificant,  since only p r o c e s s  A to f o r m  SCzH 3- is possible) ,  SC3H 3- ions in 
2 ,4-dimethyl thiophane,  SC4H ~- ions in 2-propyl thiophane,  etc.  This scheme explains the higher intensity 
of the l ines of SCH 2- ions in f l -subst i tu ted compounds as compared  with c~-substituted compounds (amyi-  
and hexylthiophanes).  

All of the mass-spectral ions except C3H5- , 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 methylcyelopentane molecules. 
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T A B L E  1. M a s s  S p e c t r a  of the N e g a t i v e  Ions  of T h i o p h a n e  and  I t s  

Alkyl Derivatives 

Ion 

SC,0HIg- 
SCgHS 
SCsH,s- 
8C7H13 
SC~Hu 
SCsHg- 
SC~HT- 
SC4Hs- 
SCaHa- 
SC2Ha- 
SCHa- 
SCH~- 
CaHs- 
SH- 
S- 

Relative ] 
sensitivity 

m/e 

171 
157 
143 
129 
115 
101 
87 
85 
73 
59 
47 
46 
41 
33 
32 

r n  O 

26,3 

0,6 1,2 

13,9 5,7 0,4 4,3 
9,7 

1001,5 3,8 100 
1 ,0 32,0 

6,4 2,6 

t i 

~ >~iN z"'=' o 'x:: >"">"~c~ 
' ~  0 . ~  [ Lea �9 , ~  ~ .~ 

100 
22,5__ 16,4__ &-,l 

53,3 

17,5 6,2 
25,0 - -  2,3 
31,0 0,3 6,0 

10g 6~,4 1,9 53,3 
12,5 38,1 16,0 

2,7 3,6 2,l 

i 

I00 
100 

2 , 8  7,1 
33,1 
0,3 
~,5 2,1 

7,3 8,,3 
2,1 12,2 
4,4 12,7 
1,1 1,0 

50,5 85,8 
20,2 73,5 

1,5 

IO0 

8 , 6  
17,2 
2,1 
0,7 
o,6 

g,6 
3,9 
7,7 
3,6 

96,2 
51,8 

, I E  o 

cq  I r  

100 100 

2.4 - -  
1 1 , 0  - -  

0 , 1  - -  
1,2 0 ,8  
- -  3 ,0  
- -  2,2 

10,,4 12,0 
2,7 16,0 
7,1 12,8 
2,4 --  

96,0 95,4 
68,4 90,0 

1.2 

It is apparent from Table i that the relative probability of disintegration of the ring during the ad- 
dition of an electron is high for thiopl~ane 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 tile ions of the mass spectrum described here, S- and SC2H 3- ions are observed when 
thiophane and alkyltMophanes are admitted into the device at electron energies of 5 = 0.5 eV. 

E X P E R I M E N T A L  

The  e x p e r i m e n t s  w e r e  c a r r i e d  out  w i t h  an  M K h - 1 3 0 3  m a s s  s p e c t r o m e t e r  e q u i p p e d  for  r e c o r d i n g  n e g -  
a t i ve  i o n s .  The  e l e c t r o n  e n e r g i e s  a t  w h i c h  the  m a x i m u m  y i e l d s  of i ons  of the  m a s s  s p e c t r u m  p r e s e n t e d  
a r e  o b s e r v e d  a r e  g r o u p e d  a b o u t  8 eV w i t h  a s c a t t e r  of * 0.5 eV.  The  c o n d i t i o n s  fo r  o b t a i n i n g  the  m a s s  s p e c -  
t r a  a r e  as  f o l l o w s :  the  t e m p e r a t u r e  of the  i o n i z a t i o n  c h a m b e r  was  150 ~ 1~ t he  i o n i z i n g  e l e c t r o n  c u r r e n t  
w a s  4.0 ~A,  and  the  h a K - w i d t h  of the  d i s t r i b u t i o n  of e l e c t r o n s  w i t h  r e s p e c t  to e n e r g y  w a s  0 . 5 - 0 . 6  eV.  

In a d d i t i o n  to t h i o p h a n e s ,  c y c l o p e n t a n e  a n d  m e t h y l c y e i o p e n t a n e  v a p o r s  w e r e  a d m i t t e d  in to  the  ion  
s o u r c e ,  bu t  the  f o r m a t i o n  of n e g a t i v e  i ons  by t h e s e  m o l e c u l e s  was  no t  d e t e c t e d  in  the  r a n g e  of e l e c t r o n  e n -  
e r g i e s  f r o m  0 to 50 eV.  
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