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Abstract: The quenchings by oxygen in benzene of the triplet states of a series of simple conjugated olefins (1,3-cyclopentadiene, 
1,3-cyclohexadiene, ergosterol, 1,3,5-cycloheptatriene, neoalloocimene, and vitamin D3) have been examined. Of specific concern 
was the relationship between the efficiency of singlet oxygen, O2(

1Ag), formation and triplet properties, lifetimes, energies, 
geometries, and oxygen quenching rate constants. The key finding is that high-energy triplet states with a single accessible 
geometry do not yield O2(

1Ag) with unit efficiency in situations where oxygen-induced intersystem crossing does not play a 
role. It would appear that efficiency of O2(

1Ag) formation decreases as deviation from planarity increases. These facts, together 
with essential uniformity of oxygen quenching rate constants, lead us to propose tentatively that the consumation of quenching 
results from a branching of the singlet encounter complex to give either O2(

1A8) or a 1,4-biradical. The formation of the latter 
is favored for nonplanar triplets which involve a greater degree of uncoupled electron localization. 

1. Introduction 
Characterization of flexible olefin (01) triplet states in terms 

of energy and geometry has proved a major challenge to the 
mechanistic photochemist, as exemplified by the vast literature 
devoted to the stilbene problem alone. Although fast, time-resolved 
techniques now allow routine determination of lifetimes in the 
nanosecond time regime, there are still considerable difficulties 
associated with work in this area. These are principally concerned 
with the relationship between triplet lifetimes and energy-donating 
properties and the relative dispositions of S0 and T1 surfaces as 
a consequence of relaxation within T1. 

In the above respect, oxygen quenching and an analysis of the 
products thereof could, in principle, provide significant infor­
mation1 since reaction may take place via either electron or spin 
exchange as summarized in eq 1 and 2, respectively. Reaction 

3Ol* + O2(3S8-) ^ ' [01-O2]* — Ol + O2(
1A8) (1) 

3Ol* + O2(
3S6") — 3 [01-0 2 ]* — Ol + O2(3S8) (2) 

3Ol* + O2(
3S8") — 5IOl-O2]* (3) 

via the quintet encounter complex, eq 3, is forbidden on spin and 
energy grounds. The operation of reaction channel 1, which has 
a maximum anticipated rate constant in mobile liquids of k0/9 
(kD ~ 3 X 101C L mol"1 s"1), indicates the "availability", in some 
accessible geometry of 3Ol*, of at least the electronic excitation 
energy requirement of oxygen, 7882 cm"1 (~22 kcal mor1). The 
operation of reaction channel 2, having a maximum anticipated 
rate constant kD/i, should become more important as the S0 and 
T, surfaces approach each other. Therefore, the determination 
of oxygen quenching rate constants and measurement of singlet 
oxygen, O2(

1A8), yields provides a means, in principle, of dif­
ferentiating between contributions from channels 1 and 2 and 
possibly indicating from where on the T1 surface reactions are 
taking place. Recently we have employed such an approach to 
contribute to the understanding of the factors influencing the 
reactivity of stilbene triplet.2 

A major potential problem in work of this kind concerns the 
anticipated exclusive operation of channel 1 for the oxygen 
quenching of 3Ol* conformers which possess vertical triplet en­
ergies significantly above 22 kcal mol"1. Although, for instance, 
an excellent and critical recent review1 assumes that this is the 
case, we are unaware of definitive evidence concerning this point.3 

In fact, although the quenchings of high-energy triplets by oxygen 
were originally concluded, on both theoretical4 and experimental5 

grounds, to proceed exclusively via channel 1, this is not always 
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the case, in particular for aromatic ketones. Although possible 
explanations have been put forward,5"7 the reasons for this are 
as yet not critically defined. The situation for flexible olefin triplets 
is further complicated by the subtlety of geometrical factors which 
influence non-radiative transitions within such molecules.9 

In the work to be described, we have addressed ourselves to 
problems of the kind outlined above by an examination of the 
oxygen quenchings of the triplet states of 1,3-cyclopentadiene 
(CPD), 1,3-cyclohexadiene (CHD), ergosterol (ES), 1,3,5-
cycloheptatriene (CHT), neoalloocimene (NA), and vitamin D3 

(VD3). This set of three dienes and three trienes (Chart I) was 
chosen specifically because their triplet states in benzene have been 
fully characterized by pulse radiolysis in terms of their vertical 
and relaxed triplet energies, lifetimes, and rate constants for oxygen 
quenching. Equally importantly we have shown that each of the 
triplets under consideration transfers triplet energy to perylene 
(Ej = 35.1 kcal mor1) with essentially optimum efficiency. 
Therefore, in no case can channel 1 be inefficient as a consequence 
of energetic factors. In other words, inefficient O2(

1Ag) formation 
must reflect competition by an alternative favored process. Were 

(1) Saltiel, J.; Atwater, B. W. Adv. Photochem. 1988, 14, 1 and references 
therein. 

(2) Gorman, A. A.; Rodgers, M. A. J. Chem. Phys. Lett. 1985, 120, 58. 
(3) In our stilbene work this problem, although recognized,2 did not affect 

the conclusions reached. 
(4) Kawaoka, K.; Khan, A. U.; Kearns, D. R. J. Chem. Phys. 1967, 46, 

1842. Kearns, D. R. Chem. Rev. 1971, 71, 395. 
(5) Gijzeman, O. L. J.; Kaufman, F.; Porter, G. /. Chem. Soc, Faraday 

Tram. 2 1973, 69, 708. 
(6) Garner, A.; Wilkinson, F. Chem. Phys. Lett. 1977, 45, 432. 
(7) Chattopadhyay, S. K.; Kumar, C. V.; Das, P. K. J. Photochem. 1985, 

30, U. 
(8) Gorman, A. A.; Rodgers, M. A. J. J. Am. Chem. Soc. 1986, 108, 5074. 
(9) Caldwell, R. Pure Appl. Chem. 1984, 56, 1167 and reference therein. 
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Table I. Vertical (VE), Relaxed (RE), and Relaxation (A£) Energies (in kcal mor ') , Triplet Lifetimes (T) (in jis), and Rate Constants for 
Quenching of 3Ol* by Perylene (k^), Oxygen (km), and Ol ( ^ ) and of 3BP* by Ol (Ic01) (in L mor' s"') 

Ol 

CPD 
CHD 
ES 
CHT 
NA 
VD3 

VE" 

584 

53' 
51' 
55/ 
47* 
55> 

RE" 

58» 
51" 
51' 
W 
40* 
38> 

AE 

0 
2 
O 

17 
7 

17 

T 

1.7* 
15' 
77' 
(J 
0.33' 
0.28^ 

Kpe 

1.1 X 10'° 
1.0 X 10'° 
5.0 x 109 ' 
6.6 X IO9 ' 
9.1 X 109' 
3.0 x 10'; 

*OX 

3.0 X 10' 
2.9 X 109 

3.0 X 109 

2.7 X 109/ 

3.2 X 109 

4.2 X 109j 

*sq 

1.4 X 107 

1.0 X 1 0 " 
4.1 X 106 ' 

g 

g 

...g 

k0\ 
6.5 X 109 

8.8 X 10' 
4.5 X 10' 
4.9 X 10' 
7.9 X 109 

3.8 X IO9-* 

"Values quoted to two significant figures. 'Reference 
*Reference 15. 'Reference 16. ^Reference 17. 

10. 'Reference 11. "Reference 12. 'Reference 13. 'Reference 14. gInsignificant. 

that process to take place via the triplet encounter complex, (cf. 
eq 2), a significant increase in the rate constant for oxygen 
quenching should be observed. In Table I are listed the key 
parameters for each olefin triplet which have been determined 
as referenced or as part of this work. Our primary aim was to 
establish whether or not oxygen quenchings of high-energy olefin 
triplet state conformers produce O2(

1Ag) with unit efficiency. 

2. Experimental Section 

Benzene was either AnalaR grade, purified as described,18 or MCB 
Omnisolve, used as received. Benzophenone (Bush) and perylene (Fluka) 
were recrystallized from ethanol and toluene, respectively. CPD,'0 

CHD,'2 ES,'3 CHT,'4 NA,'6 and VD3'
7 were as described. 

Pulse radiolysis experiments were performed at the Christie Hospital 
and Holt Radium Institute, Manchester. Experimental details have been 
described.16 Determination of rate constants (cf. Table I) for the 
quenching of olefin triplets by oxygen (CPD, CHD, and NA) and by 
perylene (CPD and CHD)14 and of benzophenone triplet by olefins'8 was 
as previously described. 

Pulsed laser experiments for determining singlet oxygen yields were 
performed at the Center for Fast Kinetics Research. Experimental de­
tails have been described.2 Quoted rate constants have confidence limits 
of ±10%. 

3. Results 

For O2(
1Ag) production which occurs exclusively via channel 

1, the quantum yield of formation, $A, is simply a product, eq 
4. of the triplet yield, 3>T, and the fraction of the oxygen quenchings 

lfi/mV 

*A = * T 5 T°A (4) 

which actually yield O2(
1Ag), the S& value.19 We have previously 

shown that $A, and therefore SA, for benzophenone (BP) in 
benzene is 0.29.20'21 Therefore, in order to establish 5A for 
individual olefins (Ol), it was only necessary, in principle, to 
perform parallel laser excitation experiments of the types sum­
marized in eq 5 and 6. A plot of the 02('Ag) luminescence 

BP 3BP*(*T = 1.0) —'O 2 ( 1 A 6 ) 

BP 3BP* 
Ol 3Ol* O2(

1A8) 

(5) 

(6) 

(10) Gorman, A. A.; Gould, I. R.; Hamblett, I. / . Am. Chem. Soc. 1981, 
103, 4553. 

(11) Evans, D. F. J. Chem. Soc. 1960, 1735. Kellogg, P. E.; Simpson, W. 
T. J. Am. Chem. Soc. 1965, 87, 430. Jacobs, H. J. C; Havinga, E. Adv. 
Photochem. 1979, 11, 305. 

(12) Gorman, A. A.; Hamblett, I., to be published. 
(13) Gorman, A. A.; Hamblett, I.; Rodgers, M. A. J. Photochem. Photo-

biol. 1987,45, 215. 
(14) Gorman, A. A.; Hamblett, I.; Irvine, M.; Raby, P.; Standen, M. C; 

Yeates, S. J. Am. Chem. Soc. 1985, 107, 4404. 
(15) Gorman, A. A.; Hamblett, I.; Jensen, N.-H. Chem. Phys. Lett. 1984, 

111, 293. 
(16) Gorman, A. A.; Hamblett, I. Chem. Phys. Lett. 1983, 97, 422. 
(17) Gorman, A. A.; Hamblett, I.; Prescott, A. L., to be published. 
(18) Barwise, A. J. G.; Gorman, A. A.; Leyland, R. L.; Rodgers, M. A. 

J.; Smith, P. G. / . Am. Chem. Soc. 1978, 100, 1814. 
(19) Gorman, A. A.; Lovering, G.; Rodgers, M. A. J. J. Am. Chem. Soc. 

1978, 100, 4527. 
(20) Gorman, A. A.; Hamblett, I.; Rodgers, M. A. J. J. Am. Chem. Soc. 

1984, 106, 4679. 
(21) Gorman, A. A.; Hamblett, I.; Lambert, C; Prescott, A. L.; Rodgers, 

M. A. J. J. Am. Chem. Soc. 1987, 109, 3091. 

8 mJ 

Figure 1. Emission intensity at 1270 nm extrapolated to time zero, /A, 
against laser energy for benzene solutions of BP (7 X 10"3 mol L"1; OD355 

= 0.7) containing (a) oxygen (2 X 1O-3 mol L"1; aerated), (b) CHD (IO"2 

mol L-1) and oxygen (8.7 X 10"4 mol L"1; 9% oxygen in nitrogen), and 
(c) CHT (IO"1 mol L"1) and oxygen (2 X 10"3 mol L"1). Inset: Time 
dependence of emission at 270 nm after absorption of a 7.5-mJ pulse by 
a CHD solution; 40 mV/division, 26 Ms/division, rA = 13.5 us. 

Table II. Olefin and Oxygen Concentrations (mol L-1) Present 
During Laser Excitation of Benzophenone (7 X 1O-3 mol L"1) at 355 
nm Together with Resulting $obs and Corrected S 4 Values 

Ol 

CPD 
CHD 
ES 
CHT 
NA 
VD3 

[Ol] 

IO"2 

IO"2 

IO"2 

IO'1 

IO"1 

2 x IO"2 

[oxygen] 

8.7 X IO"4 

8.7 X IO"4 

8.7 X IO"4 

2 X IO"3 

1 X IO"2 

2 X IO"3 

Sobs" 

0.58 
0.38 
0.81 
0.51 
0.41 
0.18 

SA» 

0.75 
0.40 
0.83 
0.66 
0.45 
0.25 

"Values were reproducible to ±3%. 'Confidence limits are ±10%. 

intensity extrapolated to time zero, /A,20 as a function of the laser 
energy,21 should then give a straight line passing through the origin 
with a slope proportional to <t>A and hence S 4 in these cases.22 Use 
of the known value for BP would then give SA for individual olefins 
on an absolute basis. 

In Figure 1 are shown plots of the type described above for 
experiments with a typical diene (CHD) and triene (CHT). Plots 
were linear and the ratio of slopes to that of the plot for BP alone 
gave observed O2(

1Ag) yields, $obs, for each olefin (Table II). 
These were converted to absolute SA values on the basis of the 
criteria outlined below. 

(a) The small S1-T1 energy gap for aromatic ketones with lowest 
n,ir* states makes them ideal sensitizers for work of the type in 
question. Benzophenone has a high triplet energy, 68.6 kcal mol-1, 

(22) In order to ensure the accuracy of the extrapolation procedure it is 
necessary, in experiments of this kind, that the lifetime of O2(

1Aj), T4, be >5 
AiS, an order of magnitude greater than the detection system risetime of ~0.5 
jis. The formation time of O2(

1A8) should be no greater than the latter value. 
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but an S0 —• S1 absorption band well to the red of those for simple 
diene/trienes. Even at the high olefin concentrations required 
in this work (1(T1 - 10"2 mol L"1), only CHT (ICT1 mol L"1) 
competed with BP (7 X 1(T3 mol L"1; OD355 = 0.7) for the 355-nm 
laser light (~ 18%). To ensure identical distributions of emitting 
states within the reaction cell, experiments corresponding to eq 
5 and 6 were performed with solutioi^; optically matched at 355 
nm. A simple correction for the light absorbed by CHT was then 
applied. This is an accurate procedure only because S1 -* T1 

nonradiative transitions have efficiencies of zero for such molecules. 
(b) All six olefins quenched 3BP* efficiently with rate constants 

between 3.8 and 8.8 X 109 L mol-1 s"1 (Table I).23 These values 
together with the known value for quenching of 3BP* by oxygen, 
1.8 X 109L mol-1 s"1,19 and the olefin/oxygen concentrations given 
in Table II showed that for experiments corresponding to channel 
6 only minor (<3%) corrections were necessary for competitive 
O2(

1Ag) formation via channel 5. 
(c) In all cases except VD3 a very minor correction was required 

for the small amount of 3Ol* not scavenged by oxygen. 
(d) Only in the case of CPD was the correction for self-

quenching significant. 
It can be seen from Table II that conversion of $obs to SA only 

required significant correction in the cases of CPD (mainly for 
self-quenching), CHT (mainly for competitive absorption), and 
VD3 (mainly for incomplete triplet quenching). 

4. Discussion 
Each olefin triplet examined in this work has an "available" 

triplet energy which is a minimum of 13 kcal mol"1 above the 
electronic excitation energy of O2(

1Ag). This is witnessed by the 
close-to-optimum rate constants for triplet energy transfer to 
perylene (£T = 35.1 kcal mol"1; Table I). As already mentioned,23 

the "low" value of 3.0 X 109 L mol"1 s"1 for VD3 reflects steric 
as opposed to energetic factors. In no case therefore can a situation 
reminiscent of the stilbenes exist where an activation barrier to 
the requisite conformational change lowers the measured rate 
constant for energy transfer from a less favored geometry. 
However, S± values are clearly very different from unity, varying 
from 0.83 to 0.25. 

4.1. Quenching via the Triplet Complex. Values of SA sig­
nificantly below unity are consonant with a situation in which 
channel 2 competes with channel 1. However, this would mean 
that in the cases under consideration km should vary by almost 
a factor of 4. This is clearly not so.24 In addition one would expect 
lower S^ values to be associated with lower triplet energies25 and 
shorter lifetimes since the factors which promote the operation 
of channel 2 should also favor non-oxygen-induced T1 —• S0 in-
tersystem crossing. Consideration of the data in Tables I and II 
shows that this is not the case and lends support to the conclusion, 
generated by the fact that kax = kD/9, and that quenching does 
not occur via the triplet encounter complex. 

4.2. Quenching via the Singlet Encounter Complex, (i) Geminate 
Quenching. Olefins react with 02('Ag). If such interaction were 
to take place within the unseparated 01/O2(

1Ag) product pair 
(geminate quenching), an SA value below unity would be observed. 
However, under normal diffusion-controlled conditions, the most 
effective 02('Ag) quencher of the six olefins, CPD, only undergoes 
reaction once in ~750 collisions,26 hence making geminate 
quenching unlikely. However, reactions of this type are entro-

(23) The lowest value of 3.8 X 10' L mol"1 s"1 for VD3 results from a steric 
factor associated with this molecule.'7 This also influences the rate constant 
for transfer to perylene (£T = 35.1 kcal mol-1; cf. Table I) as witnessed by 
a similarity "low" value determined" for transfer to /3-carotene (ET ~ 22 kcal 
mol"1). 

(24) Five of the kox values in Table I are typical of processes which proceed 
exclusively via the singlet encounter complex (<3 X 10' L mol"1 s"1). Only 
in the case of VD3 does a slightly higher value indicate a possible contribution 
from oxygen-induced intersystem crossing, channel 2. The corresponding km 
value for stilbene is 5.8 X 10' L mol"1 s"1.2 

(25) Although this is generally true, it would clearly depend in individual 
cases on the exact vertical and horizontal dispositions of S0 and T1 close to 
the favored T1 geometry. 

(26) Gorman, A. A.; Lovering, G.; Rodgers, M. A. J. J. Am. Chem. Soc. 
1979, 101, 3050. 

Scheme I 

r * Ol + 0,(1An) - , 
1 IOI -O 2 ] 

-3OI* + O2(3Sg) 

—» products 

V-O 2] — Ol + O / S g ) 

py-controlled,26'27 and it could be argued that the 01/O2(
1Ag) pair 

is produced fortuitously in just the correct orientation for reaction. 
However, this could not possibly hold for a whole series of 
molecules with differing modes of reaction with O2(

1Ag). In 
addition, in contrast to the anticipated situation for geminate 
reaction, the O2(

1Ag) quenching rate constant for one of the best 
sensitizers, CPD (3.9 X 107 L mol"1 s"'),26 is more than two orders 
of magnitude greater than that of the worst sensitizer, VD3 (2.0 
X 105 s"1).17 

(ii) Competitive Chemistry. As a consequence of the above 
considerations, we conclude that the low SA values herein de­
termined reflect reaction from the singlet encounter complex which 
competes with O2(

1A8) formation. Although, as already em­
phasized (section 4.1), the physical parameters listed in Table I 
do not provide obvious correlation with the SA values of Table 
II, a consideration of known facts concerning individual relaxed 
geometries is illuminating. 

Firstly, the three most efficient O2(
1A8) sensitizers, CPD, ES, 

and CHT, all have triplet geometries that are close to planar. It 
is clear from the lack of relaxation in 3CPD* and 3ES* and the 
extraordinarily long lifetime of the latter that these triplets are 
essentially planar.28 The case of CHT is particularly interesting. 
Although its ground-state geometry is boat-like and grossly 
nonplanar, we have presented evidence to show that the large 
degree of relaxation (~17 kcal mol-1) corresponds to the adoption 
of a close-to-planar equilibrium conformation for 3CHT*.14 

The least efficient sensitizer, VD3, will clearly have the most 
nonplanar triplet geometry of the molecules examined. The triene 
moiety is already twisted in the ground state30 owing to steric 
factors, and this should become more pronounced within the triplet. 
The shorter lifetime and lower triplet energy relative to 3NA* are 
in agreement with this. 

The two sensitizers of intermediate efficiency are CHD and 
NA. That deviation from planarity occurs in the case of 3CHD* 
is best shown by comparison with 3ES* which contains the same 
basic six-membered diene unit. The latter (a) does not relax, (b) 
exhibits longer wavelength T1 -*• T„ absorption, and (c) has a much 
longer lifetime. Evidence that 3NA* is only slightly twisted has 
already been presented.15,16 

The available information is therefore consistent with a situation 
in which planarity of the TT system of 3Ol* optimizes the SA value. 
Conversely, lack of planarity promotes an alternative non-ener­
gy-transfer step. Since nonplanarity leads effectively to localization 
of uncoupled electron density, we propose that high-energy olefin 
triplets of the type examined here are quenched via a mechanism 
which is adequately summarized by the framed upper portion of 

(27) Hurst, J. R.; Schuster, G. B. / . Am. Chem. Soc. 1982, 104, 6854. 
Gorman, A. A.; Gould, I. R.; Hamblett, I. Ibid. 1982, 104, 7098. Gorman, 
A. A.; Gould, I. R.; Hamblett, I.; Standen, M. C. Ibid. 1984, 106, 6956. 

(28) We have already noted the fact that the lifetime of 3CPD* appears 
significantly shorter than anticipated on the basis of a comparison with other 
monocyclic 1,3-dienes2' although there can be no doubt that significant re­
laxation does not occur. 

(29) Gorman, A. A.; Gould, I. R.; Hamblett, I. J. Photochem. 1982, 19, 
89. 

(30) Crowfoot Hodgkin, D.; Rimmer, B. M.; Dunitz, J. D.; Trueblood, K. 
N. J. Chem. Soc. 1963, 4945. Knobler, C; Romers, C; Braun, P. B.; 
Hornstra, J. Acta Cryslallogr., Sect. B. 1972, 28, 2097. 
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Scheme I. Scheme I can be considered as a general mechanism, 
without defining individual conformers, which may become sig­
nificantly simplified by the relative importance of particular rate 
constants. This mechanism is closely related to that already 
proposed by us8 for the oxygen quenching of ketone triplets which 
themselves have highly localized uncoupled electrons. A putative 
1,4-biradical of the type shown in Scheme I will have a lifetime 
no longer than a few tens of nanoseconds.9,31 The obvious 
spin-allowed process is intramolecular reaction to yield products. 
These latter could of course be allylic hydroperoxides, endoper-
oxides, etc., typical 02('Ag)-derived products. Such species would, 
in any event, be produced because (a) significant yields of O2(

1Ag) 
are also produced, and (b) at the high olefin concentrations 
necessarily employed most of that 02('Ag) will be chemically 
quenched. However, there is no reason to believe that the indi­
vidual biradical products and distribution thereof would be 
identical with those derived via O2(

1Ag). Any difference would 
clearly be dependent on the individual olefin but in the general 
case would be expected to be more significant with decreasing 
SA. We are unaware of any steady-state experiments which have 

(31) Scaiano, J. C; Lissi, E. A.; Encina, M. V. Rev. Chem. lntermed. 
1978, 2, 139. Caldwell, R. A.; Tetsuro, M.; Chyongjin, P. J. Am. Chem. Soc. 
1982, 104, 629. 

The positive (CnH2nN)+ ions occur as major fragment ions 
during dissociation of unsaturated amines or as protonation or 
alkylation product of cyanides and isocyanides. Ions (C2H4N)+ 

generated by proton transfer to CH3CN or CH3NC or from 
association of CH3

+ and HCN have been detected by mass 
spectrometry.1 The optimized molecular geometries and relative 
stabilities of isomers of these cations have been determined by 
semiempirical or ab initio calculations.2"5 The calculations predict 
that (CH 3 CNH) + , (CH 3 NCH) + , (CH2CNH2)+, and 
(CH2NCH2)"

1" ions are the (C2H4N)+ isomers of lowest energy. 
Although the positive (C3H6N)+ ions are present in the electron 

impact (EI) spectra of cyclic amines,6 allylamine,7 and heterocyclic 
compounds such as aziridine, azetidine, and ethyleneimine de­
rivatives8 or may be produced by protonation of C3H5N isomers, 

+ Ecole Polytechnique. 
'Universite de l'Etat. 

addressed this specific problem. 

5. Conclusions 
Our results have shown that the reaction of olefin triplets with 

oxygen is an even more complicated function of triplet properties 
than has hitherto been assumed. In particular, we have provided 
evidence that the efficiency of the electron-exchange mechanism 
leading to O2(

1Ag) is sensitive to the degree of distortion from 
planarity of the individual reacting conformer. This applies to 
triplets with "available" triplet energies considerably higher than 
the electronic excitation energy requirement of O2(

1Ag). Although 
we recognize that the mechanistic proposals summarized in 
Scheme I are of necessity speculative, the key message is absolutely 
clear. Singlet oxygen quantum yields cannot be assumed to 
indicate the fraction of oxygen-quenched olefin triplets that lie 
more than 7882 cm"1 above the ground state surface. 
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they have not been studied in great details. 
In the present study we report first completely optimized ge­

ometries, energies, and relative stabilities of isomers 1-23 presented 
in Chart I. Several of those that are determined to be the most 

(1) (a) lilies, H. J.; Liu, S.; Bowers, M. T. J. Am. Chem. Soc. 1981, 103, 
5674. (b) Meot-Ner (Mautner), M.; Karpas, Z. J. Phys. Chem. 1986, 90, 
2206. (c) Knight, J. S.; Freeman, C. G.; MacEwan, M. J. J. Am. Chem. Soc. 
1986, 108, 1404. (d) Kemper, P. R.; Bass, L. M.; Bowers, M. T. J. Phys. 
Chem. 1985, 89, 1105. 

(2) Wiirthwein, E. U. J. Org. Chem. 1984, 49, 2971. 
(3) JoIy, W. J.; Gin, C. Int. J. Mass Spectrom. Ion Phys. 1977, 25, 27. 
(4) Nguyen, M. T.; Ha, T. K. J. Chem. Soc, Perkin Trans 2 1984, 1401. 
(5) De Frees, D. J.; McLean, A. D.; Herbst, E. Astrophys. J. 1985, 293, 

236. 
(6) Budzikiewicz, H.; Djerassi, C; Williams, D. H. Mass Spectrometry 

of Organic Compounds; Holden Day: Oakland, CA, 1967. 
(7) Bouchoux, G.; Hoppilliard, Y. Adv. Mass Spectrom. 1986, 1OB, 1153. 
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Abstract: Structures and energies of 26 linear or cyclic (C3H6N)+ cations have been examined by ab initio molecular orbital 
calculations. The geometries of all ions were fully optimized with the 3-21G basis set; energies were improved by inclusion 
of polarization and electron correlation effects (CI/6-31G*//3-21 G). The seven structures predicted to be the most stable 
are as follows: 1 (CH3NCCH3)+; 2, (CH2CHCHNHj)+; 3, (CH3CH2CNH)+; 4, (CH3CHNCH2)+; 5, (CH2CHNHCHj)+; 
6, (C-CH2CH2NHCH)+; 7, (CH3CH2NCH)+. All other isomers have energies greater than-that of 1 by ca. 100 kj mol"1. 
Experimental generation of five cations (1-3, 5 (and/or 6), and 7) in the source of a tandem mass spectrometer is also reported. 
Mass-analyzed ion kinetic energy and coUisionally induced dissociation spectra have been used to characterize the five ion 
structures. 
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