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CNDO/S Calculations of the Thermal Dissociation of 1,2 -Dioxetan 
By DAVID R. ROBERTS 

(Department of Chemistry, The Open University, Walton Hall, Milton Keynes MK7 6AA) 

Summary CNDO/S Calculations, with configuration inter- 
action between singly excited states, of the dissociation of 
1,2-dioxetan to two formaldehyde molecules indicate a 
possible mechanism for the observed chemiluminescent 
nature of this process. 

THE thermal dissociation (1) of 1,Z-dioxetans to carbonyl 
compounds is a reaction known to be accompanied by 
chemiluminescence.1 The quantum yield of excited pro- 
duct has been shown to be up to 50% and the excitation to 
be located almost wholly in the lowest triplet state.2 There 
have been a number of attempts, based chiefly on the use 
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of correlation diagrams, to provide a qualitative explanation 
for the occurrence of excited product.s There has also been 
a recent calculation4 which gave consideration to the ground 
and singlet excited states involved. However, the nature 
of the excitation process has not yet been elucidated. 

We report the application of the CNDO/S CI MO method 
to the thermal dissociation of 1,Bdioxetan. The results 
obtained , though not in quantitative agreement with 
experiment, do provide a qualitative explanation for the 
observed chemiluminescent properties of 1,Z-dioxetans. 

The method used was that of Del Bene and Jaffes with 
minor modification. The original parameterization was 
used with the Mataga-Nishimoto formula for the repulsion 
integrals.6 To avoid the totally unreal dissociation ener- 
gies obtained with the original version, the core-core 
repulsion term was replaced by the modified expression 
used in the MINDO/2 method.’ This leads to a value of 
265 kJ mol-l for the heat of dissociation compared with the 
value of 230 kJ mol-1 as estimated by O’Neal and Richard- 
son.* Standard bond lengths and angles were used for 
1,2-dioxetan and formaldehyde.* 

The energies of the ground state and the lower singlet 
and triplet excited states were calculated for various 
nuclear configurations intermediate between the two 
extremes. Both ‘concerted’ and ‘biradical’ pathways were 
investigated [equation (2)] together with the electronic pro- 
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perties of the cis-trans interconversion [equation (3)]. 
The ‘biradical’ reaction co-ordinate was that leading to the 
conformation of lowest energy (dihedral angle ca. 60’). 
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FIGURE 1. The ‘concerted’ (Caw) pathway for the conversion of 
1,e-dioxetan into 2HCHO showing the energies of the closed- 
shell configuration and the lowest 8Bl, lAa, and 8A,  singly- 
excited states plotted against the oxygen-oxygen distance. 

The method 
gives a good description of the excited states of formalde- 
hyde.I0 In contrast the lowest excited states of 1,Z- 
dioxetan are predicted to be ca. 10.5 eV above the ground 
state; however, i t  is likely that the first absorption band 
lies no higher than about 6 eV. Calculation of the excited 
states of oxetan for comparison gives very similar results ; 
the first observed valence shell transitions occur at  6.6 eV.11 
This failure of the CNDO/S parameterization to account 
satisfactorily for transitions involving (T orbitals has been 
noted previously.12 Further, in the region of the transition 
state the energies of the two lowest closed shell configura- 
tions are very close; it is therefore to be expected that 
interaction would be very strong leading to a much lower 
activation energy. Nevertheless the value obtained for the 
pathway to the ‘biradical’ configuration (ca. 7 eV) com- 
pares favourably with the value of 6 eV obtained‘ with the 
CNDO/Z parameterization when CI between doubly excited 
configurations was taken into account. 

The most significant result is the intersection of a triplet- 
state surface with the ‘ground’ state near the transition 
state. A reaction co-ordinate involving a crossing to the 
triplet surface requires an activation energy 1 eV less than 
the lowest energy singlet pathway. Though such a path- 
way has a low intrinsic probability, the dioxetan molecule 
requires so much more energy to dissociate via the singlet 
pathway that it is essentially trapped until crossing to the 

The results are presented in Figures 1-3. 
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triplet surface does occur. Such a mechanism would 
account for the low values of the activation energies and 
pre-exponential factors (indicating low transmission co- 
efficients) of dioxetan d e c o m p ~ s i t i o n s ~ ~ ~ ~  compared with the 
values for the closely related thermal decomposition of 
oxetans and cyclobutanes.14 Once on the triplet surface 
the dioxetan molecule can dissociate rapidly to two form- 
aldehyde molecules with too short a time spent a t  the 
second crossing of the triplet and closed shell potential 
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FIGURE 2. The ‘biradical’ (CJ pathway for the conversion of 
lI2-dioxetan into 2HCHO showing the energies of the closed- 
shell configuration and the lowest 1B and aB singly excited states 
plotted against the oxygen-oxygen distance. 
surfaces for a diabatic transition to occur. The product 
corresponds to a singly excited state involving both form- 
aldehyde molecules ; with increasing separation this exciton 
state would degenerate to one excited and one ground 
state formaldehyde molecule. The maximum quantum 
yield of triplet states of 0-5 found experimentally2 for some 
systems requires 100% decomposition by this pathway. 
The small number of molecules found in a singlet excited 
state presumably could arise by intersystem crossing from 
the triplet product, a process with a relatively high proba- 
bility for n-n* states. 
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FIGURE 3. The cis-tralzs interconversion (3) of the ‘biradical’ 
configuration showing the variation of the energies of the closed 
shell configuration and the lowest *B and lB (C,) singly excited 
states with dihedral angle. 

Of the pathways considered, that of lowest energy 
involves an intermediate species of geometry that would be 
called a ‘biradical’. However, i t  is clear from Figure 3 that 
the interaction of the (incipient) n-n* singlet and triplet 
states is unusually large, and as such the species does not 
satisfy Salem and Rowland’s criteria for a biradical.” In  
addition a different part of the same triplet surface lies 
below the closed shell surface for a geometry characteristic 
of a ‘concerted’ dissociation. The calculations are not 
sufficiently extensive to indicate whether or not a potential 
well exists in the triplet surface, but it is apparent that the 
distinction between ‘concerted’ as opposed to ‘biradical’ 
pathways is not as clearcut as previously supposed. 
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