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The d i ssoc ia t ive  cap ture  of e lec t rons  by  N-oxides  of pyr id ine  and a - ,  fl-.  and T-picol ines  
was inves t iga ted  by m a s s  s p e c t r o m e t r y  [1]. The m a s s  s p e c t r a  of the negative ions were  studied. 
The cu rves  of the effect ive yields  of the negat ive ions as a function of the energ ies  of the 
e lec t rons  were  obtained. 

The in te rac t ion  of e lec t rons  with pyr id ine  and i ts  a lkylated de r iva t ives  [2] leads  to the fo rmat ion  of 
two excited s t a t e s  of negat ive  m o l e c u l a r  ions, which then d is in tegra te  via  the energe t ica l ly  poss ib le  d i s in te -  
g ra t ion  channels to f o r m  s table  negat ive ions.  Alkyl subst i tuents  in the pyr id ine  molecule  do not cause  the 
appea rance  of new s ta tes  of the m o l e c u l a r  ions.  

The expe r imen ta l  data on the d i s soc ia t ive  cap ture  of e lec t rons  by  N-oxides  of methylpyr id ines  a r e  
p r e s e n t e d  in Table  1. The m a s s  s p e c t r u m  of the negat ive ions is  a set  of re la t ive  in tensi t ies  of peaks  of 
ions a t  the m a x i m a  of the i r  effect ive  yields,  so that  s e v e r a l  peaks  with r e s p e c t  to the number  of r esonance  
p r o c e s s e s  involving the fo rma t ion  of the given ions m a y  c o r r e s p o n d  to one m a s s  number .  The r e l a t ive  in- 
t ens i t i e s  of peaks  fo r  two poor ly  r e so lved  (from one another) r e sonance  peaks  a r e  p re sen ted  for  the peak  
of m a x i m u m  intensi ty.  

The oxygen a tom in pyr id ine  N-oxides  has a subs tant ia l  effect  on the p r o c e s s e s  of d issoc ia t ive  capture  
of e lec t rons ,  causing both the appea rance  of new excited s t a t e s  of the negat ive  mo lecu l a r  ions and a change 
in the number  of poss ib le  channels  of d is in tegra t ion  of the m o l e c u l a r  ions.  Five ground s ta tes  of the ex-  
ci ted m o l e c u l a r  ions, which a r e  des ignated by the l e t t e r s  a -e ,  can be  dis t inguished f r o m  the pos i t ion  of the 
m a x i m a  of t h e e f f e c t i v e  yield of ions on the sca le  of the energy  of the e lec t rons  and f r o m  the paths of dis in-  
t eg ra~on .  We will examine  the indicated s t a t e s  for  the pyr id ine  N-oxide molecule .  

L o w - e n e r g y  s ta te  a of the negat ive  m o l e c u l a r  ions is r e p r e s e n t e d  in the m a s s  spec t rum of pyr idine 
N-oxide by the l ines of the (M - H)- ,  NC3H 3-, NC 3H2-, and NC 3- f r agmen t  ions. The re la t ive  intensi t ies  of the peaks  
of the indicated ions a r e  r e l a t ive ly  low, and the m a x i m u m  effec t iveness  of the fo rmat ion  of ions during the 
d is in tegra t ion  of the negat ive  m o l e c u l a r  ions of s ta te  a is  obse rved  at e lec t ron  energies  of 0.2-0.5 eV. 

The d is in tegra t ion  of mo lecu l a r  ions of the b s ta te  is  accompanied  by  eject ion of a C2H 3 group (ions 
with m / e  68). The m a x i m u m  of the r e sonance  peak  on the curve  of the effect ive yield of 0VI-C2I-I3)- ions is  
found at an e lec t ron  ene rgy  of 0.8 eV. 

The m o s t  in tense  peaks  in the m a s s  s p e c t r u m  of pyr id ine  N-oxide a r e  affi l iated with the ions fo rmed  
dur ing the d issoc ia t ion  of the negat ive  mo lecu l a r  ions of  the c state,  and the m a x i m u m  effect ive yield of 
ions is obse rved  at e lec t ron  energ ies  of 3-3.2 eV. The dis in tegra t ion of the mo lecu l a r  ions of this s ta te  
is  r e p r e s e n t e d  in the  m a s s  s p e c t r u m  by peaks  of the (M--H)-, (M-OH)-.  (M--OCH)-. O-, and OH- ions and 
of ions with m / e  64. 

The s ta tes  of the m o l e c u l a r  ions enumera ted  above a r e  observed  only during the in terac t ion  of e lec-  
t rons  with the pyr id ine  N-oxide molecu les ,  and the oxygen a tom linked by a s e m i p o l a r  bond to the pyr id ine  
n i t rogen a tom affec ts  t he i r  fo rmat ion .  The h ighe r - ene rgy  s ta tes  of the negat ive  m o l e c u l a r  ions have 
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T A B L E  1. M a s s  S p e c t r a  of  t h e  N e g a t i v e  I o n s  of  N - O x i d e s  of l>yri  - 
d i n e  a n d  I t s  M e t h y l  D e r i v a t i v e s  

m/e Pyridine a-Pieoline S-Picoline ), -Picoline 
N-oxide N-oxide N-oxide N-oxide ' 

l 2 3 4 5 
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68 

67 

66 

65 

64 
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53 

52 

51 

5O 

49 

43 

42 

41 

4O 

6,61 (8,8) * 
lOO (3,1) 
5,7 (0,3) 

4 (4,2) 

0,25 (8,5) 

0,29 (8,8) 

12 (8,45) 
3,14 (3,16) 

1.07 (8,55) 
1,15 (4,08) 
2,06 (~8,1) 
1,24 (3,8) 
1,87 (0,8) 
1,2.4 (8, I ) 

6,2 (3,8) 

5,1.5 (3.2) 

0,91 (8,3) 
8,26 (4,2) 

3,47 (8,2) 
0,57 (3,4) 

058 (8.3) 
0,16 (4,3) 

0,49 (8,2) 
0,44 (4,3) 

o , 3  (o,2) 
0,91 (8,1) 
0,88 (4,0) 
0,22 (o,21" 
1,65 (8,1) 

6,83 (8,2) 
1,93 (3,02) 
2,24 (0,2) 
3,72 (8,3) 

o,~2 (.8) 

6,83 (8,28) 
1,46 (3,28) 
3,3 (0,12) 
6,Z2 (8,1) 
3,06 (3,Z2) 
4,55 (8,3) 
14 (3,94) 

16,8 (8,8) 
I00 (3,26) 
62 (o,2) 
5,2 (8,8) 
1,0 (3,6) 

0,67 (.8,8) 
0,6 (3,6) 

3,78 (8,5) 
65,3 (3~24) 
10 (0,36) 
0,4 (8,5) 
1,86 (4) 

5,05 (8,7) 
9,3 (3~3) 
0,67 (0,34) 
1,46 (8,64) 
5 (3,3) 
1,3 (,0,24) 
3,84 (8,25) 
4,27 (3,2) 
1,27 (0,2) 
o,8 (8,5) 
0,16 (4,2) 
2,'33 (1,2) 
0,67 (8,6) 
0,47 (3,3) 
1,13 (8,8) 
2,67 
0,2 (0,28) 
0,27 (9) 
2 (4,7) 
2.96 (8,7) 
2,3,3 (6,8) 
0,23 (4,8) 
0,23 (8,7) 
0.53 (3,7) 
0,67 (8.8) 

26,7 (1,24) 
0,6 (8,6) 

14 (3,6) 
1,1 (9) 
47,5 (3,7) 

0,6 (8,65) 
0,25 (425) 
0,36 (0,24) 
1,6 (8,85) 
0,26 (4,36) 

0,8 (8,72) 
0,13 (4) 

2,8 (8,96) 
o,13 (4,~2) 

0,93 (9,16) 
1,16 (3,64) 

1,93 (9) 
0,13 (3,56) 
4,0 (8,96) 
1,0 (4,4) 
1,3 (0,2) 
0,87 (9) 

0,4 (8,5) 
0,33 (4,.6) 
4,66 (8,6) 
2,0 (4,3) 
8,68 (0,2) 
7,34 (8,92) 
5,33 (4,4) 
7,0 (8,95) 
16,6 (3,88) 

17,8 (8,55) 
100 (3,1'2) 
19,2 (0,4) 
0,98 (8,5) 
2,2 (3,2) 
0,89 (0,3) 

0,79 (3,2) 
0,29 (0.3) 
0.5 (8,6) 
15,7 (3,14) 
3,0 (0,3) 
0,29 (8,6) 
0,74 (3,2) 
0,24 (0,3) 
2,32 (8,55) 
3,94 (3,2) 
0,07 (0,3) 
0,39 (8,9) 
1,38 (3) 
0,07 (5,3) 
0~ (8,56) 
0,99 (3,32) 
0,14 (0.48) 
0,08 (8,48) 
8,4 (1,l) 

1,57 (4,1) 
0.15 (8.4) 
7,9 (3,2) 

0,29 (8,2) 
6,4 (4,25) 
0,49 (8,8) 
0,69 (4,4) 

0,1 (4) 
1,~2 (8,45) 

18,5 (1,10) 
0,6 (8.56) 

0,74 (3,6) 
0,6 (8,6) 
4,33 (3,52) 

0,34 (8,6) 
0,1'2 (3,6) 

0,94 (8,7) 

0,69 (8,8) 

0,44 (8,7) 
0,40 (4,2) 

1,5 (s,~) 
10,3 (4) 

0,49 (8,5) 

1,72 (9) 
0,29 (4,5) 
4,92 (0,,2) 
0,2,4 (9) 

0,40 (8,8) 
0,49 (4,2) 
1,97 (8,48) 
0,5 (3,9) 
1,2 (0,12) 
11,3 (8,6) 
1,48 (4,26) 
23 (8,4) 
2,46 (3,8) 

37,6 (8,95) 
67,5 (4,25) 
'53. (0,2) 
27,3 (8,56) 
2,6 (4,8) 
3,6 (0,2) 
1,43 (8,6) 
1,04 (4,8) 

2,6 ('8,23) 
16,1 (3,4) 
1,0,4 (0,34) 
5,71 (8,6) 
1,95 (4,35) 
3,9 (0,3) 
67,5 (9,2) 
9,1 (4,35) 
13 (0,32) 
8,3 (9,1) 
3,9 (3,2) 

29,9 (9.12) 
8,85 (4,64) 
23,4 (0,2) 
1,55 (9) 

1,3 (1,1) 
2,08 (9) 
6,35 (4,5) 
13 (9,2) 
83 (Z26) 
1,3 (0.2) 
2,08 (9,2) 
14,5 (4,56) 
5,7 (9,1) 
8,85 (3,28) 
3,6 (0,24) 
0,78 (9,1) 
1,04 (4,5) 
3,38 (8,8) 
10 (4,28) 
1,04 (1,1) 
1o,4 (9,28) 
1'5 (5,84) 
100 (4,28} 
5,2 (9,2) 
6 (4,32) 
1,65 (0,28) 
3,9 (9,1) 
0,78 (4,2) 

46,7 (K28) 
10,9 (4,31) 
10,4 (0,2) 
1,82 (9,1) 

4,42 ( 9 , 2 )  
0,78 (4,5) 

1,09 (9,2) 
0,91 (4,2) 

2,47 (9,2) 

1,,95 (9,2) 
1,18 (4,5) 
19,5 (O,3) 
1,3 (9) 

2,86 (9) 
2,6 (4,2) 
3,12 (8,9) 

23 (0,2) 
10,4 (a,9) 
5,7 (4,2) 
22,4 (8.95) 
28,6 (5,8) 
57 (4.32) 
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TABLE 1 (Continued) 

m/e .:. Pyridine r  /~ -P ico l ine  I-Picoline 
N-oxide N-oxide N-oxide N-oxide 

1 2 3 4 5 
s .  

39 

25' 

17 

16 

6,61 (7,92) 
1,23(4,52) 
24,8 (8,2) 

24,8(&:5,) 
14 ,(3,2) 
89,5 (8) 
~68 (3A2) 
0,49 (82) 

8 (8,68) 

18,6 (8,72) 

21,8 (8,8) 
48 (3,54) 
120 (8) 
6~) (3,48) 
2,8 (8,96) 

3,45 (825) 
0,34 (4,,16) 
8,1.3 (82) 

8,2 (8,2) 
18,5 (3,64) 
1Z,3 (&,92) 
185 (,3,16) 
0,44 (&7) 

2,86 (8,9) 

12,5 (9) 

6,23 (9,1) 
3,9 (4,4) 
33,8 (825) 
83 (4,3~) 
4,42 (9,,2) 

* The energy of the electrons of the maximum yield is given in paren-  
theses  in e lectron volts.  

= lp8(.o,o25)111 ~ ^ 
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Fig. 1. Dependence of the effective 
yield of negative ions on the electron 
energy  in pyridine N-oxide (the mass  
numbers  a re  indicated by the numbers  
beside the curves) .  

a l ready been observed during a study of the dissociat ive capture 
of e lect rons  by pyridine molecules .  

The d state of the molecular  ions is revealed distinctly 
f rom the curves  of the effective yield of O- ions, on wkich there  
are  two poor ly  resolved peaks (see Fig. 1). The f i rs t  peak has a 
maximum at an electron energy of 3.2 eV and cor responds  to 
s tate  c of the negative molecular  ions. The second peak, with a 
maximum at an electron energy of 4 eV, shows the existence of 
yet another state of the negative molecular  ions. which disinte- 
gra tes  with the format ion of O- ions. The dissociat ion of the 
negative molecular  ions of the indicated state also leads to the 
formation of (M-CH3)-, (M-OCH)-, (M-NO)-, NC3H3- , NC3H2- , 
NC3-, and (M-2H)- ions and of ions with m / e  68, 41, 40, and 39. 
In cont ras t  to p r o c e s s e s  of dissociat ive capture of electrons by 
pyridine molecules  [only (M-H)-, NC3-, C2H-, and C 2- ions are  
formed in this range of e lect ron energies],  the disintegrat ion of 
the molecu la r  ions of pyridine N-oxide proceeds  via a considera-  
bly l a rge r  number  of channels. Moreover.  a channel for  the for -  

Ions with m / e  65 a re  formed by detachment of an NO group and ap- mat ion of C2H- and C2 ions is opened. 
parenf ly  have the s t ruc tu re  of the eyelopentadienyl anion. The inflection of the peak on the curve of the 
effective yield of ions with m / e  65 on the lower  e l ec t ron-ene rgy  side shows that the ions are  also formed 
during the dis integrat ion of the molecular  ions of the c state, but with a lower probability. Similar 
p r o c e s s e s  are  also noted on the curves  of the effective yield of ions with m / e  53, 52, and 50. 

The disintegrat ion of the molecular  ions of h igh-energy state e fo rms  a mass  spec t rum with many 
m a s s  peaks,  although the i r  re la t ive  intensit ies a re  re la t ively low. In addition to the purely  "pyridine" 
NC3H2- , NC3H-, NC2H2- , NC2H- , and CzH- ions, one also observes  f ragments ,  the formation of which is ex- 
plained by par t ic ipat ion of the oxygen atom in the dissociat ion p r o c e s s e s :  (M-OH)-. (M-H30)-, (M-OC)-, 
(M-OCH)-, O-. and OH-, and ions with m / e  68, 49, 43, 42, and 41. The maxima of the resonance peaks of 
the format ion of the indicated ions are  si tuated at 8-9 eV along the e lec t ron-energy  scale.  

Just  as in the case  of alkylpyridines,  rep lacement  of the hydrogen atom in the pyridine N-oxide mole-  
cule by a methyl  group does not cause the format ion of new states  of the negative molecular  ions. One ob- 
s e r v e s  only a cer ta in  redis t r ibut ion of the probabil i t ies  of the various disintegrat ive channels. 

Detachment of a methyl  group f rom the molecular  ions occurs  during the dissociat ive capture of elec- 
t rons  by N-oxides of methylpyridines  with a quite high probability,  while for  the methylpyridines themselves  
the indicated p roce s s  is noted only during the capture of e lect rons  by 2-methylpyridine molecules,  and the 
probabi l i ty  of the p r o c e s s  is ve ry  low. Depending on the e lectron energy, the curves  of the effective yield 
of (M-CH3)- ions contain three  peaks of resonance  p r o c e s s e s .  The f i rs t  peak cor responds  to disintegration 
of the molecular  ions of the a state at an electron energy of 0.2 eV. The maximum of the second peak is 
si tuated at 3-3.2 eV on the e l ec t ron-ene rgy  scale, and (M--CH3)- ions are  formed during the disintegration 
of the negative molecular  ions of the e state.  The third p e a k -  a maximum at 8-8.6 e V -  is caused by dis- 
soeiation of the molecu la r  ions of the e state.  
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Peaks  of (M-H30)-  ions a r e  obse rved  in the m a s s  spec t r a  of all  of the inves t iga ted  compounds.  I t  
should be  noted that  during the cap tu re  of e lec t rons  by  N-oxides  of pyr id ine  and T-picol ine ,  0VI-H30 )- ions 
a r e  f o rmed  during the d is in tegra t ion  of the m o l e c u l a r  ions of the c s ta te .  Capture  of e lec t rons  by  N-oxides  
of a -p i eo l i ne  and f l -picol ine  is accompanied  by the fo rmat ion  of (M-H30)-  ions. which a r e  caused  by dis in-  
t eg ra t ion  of the mo lecu l a r  ions of both s ta te  c and s ta te  d with di f ferent  deg ree s  of e f fec t iveness  of f o r m a -  
tion: this i s  conf i rmed  by the p r e s e n c e  of inflections on the curves  of the effect ive yield of ions. 

The peaks  of the r e sonance  p r o c e s s e s  involved in the fo rmat ion  of {M-H)- ions during the d i s in tegra -  
t ion of the negat ive m o l e c u l a r  ions of the e s ta te  have a s y m m e t r i c a l  f o r m  for  the molecules  of the f i r s t  
t h r ee  compounds.  The fo rmat ion  of (M-H)-  ions during the in te rac t ion  of e lec t rons  with T-pieol ine  N-oxide 
molecu les  occurs  in a m o r e  complex manner .  The re  a r e  two b r eaks  on the curve  of the effect ive yield of 
ions at e lec t ron  energ ies  of 2.8 and 3.1 eV,. in addition, (M--H)- ions a r e  f o rmed  during the d is in tegra t ion  of 
the negat ive  m o l e c u l a r  ions of 7 -p ico l ine  N-oxide of the d s ta te  with a high effect ive yield.  The re la t ive  
in tens i ty  of the l ines  of the f r agmen t  ions fo rmed  by dis in tegra t ion of the negat ive mo lecu l a r  ions of the d 
s ta te  i n c r e a s e s  in the m a s s  s p e c t r u m  of ~/-picoline N-oxide.  

EXPERIMENTAL 

The m a s s  s p e c t r a  were  r eco rded  with an MKh-1303 s p e c t r o m e t e r  r emode led  fo r  the record ing  of 
negat ive  ions.  The conditions mainta ined dur ing the r ecord ing  of the m a s s  s p e c t r a  were  as  follows: the 
ionizing e lec t ron  cu r ren t  was 1 pA. and the ionizat ion chambe r  t e m p e r a t u r e  was 150 ~ The e l e c t r o n - e n e r g y  
sca le  was moni to red  f r o m  the cu rve  of the effect ive yield of SF 6- ions. The cu rves  of the effect ive yield 
of negat ive ions as a ftmetion of the e lec t ron  ene rgy  were  obtained by means  of an automat ic  record ing  
device  with a PDS-021M two-coord ina te  po ten t iomete r .  

11 
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