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Dimerization of Carbene to Ethylene 

Sir: 

As yet, the dimerization of two carbenes to ethylene has not 
been reported as an experimental fact,1 and a considerable 
number of organic chemists appear to believe that this is due 
to an energy barrier separating reactants and products. The 
theoretical calculations reported here show this not to be the 
case. 

Along the ground-state energy curve the reaction couples 
two 3B] methylenes into a 1A 
rough orbital characterization 

g ethylene and corresponds to the 

(CTL^L triplet)'(o-R7TR triplet) —• (<r2ir2 singlet) 

where L and R refer to the left and right methylene, respec
tively, and a and TT to ethylene. While orbital symmetry is 
conserved, the coupling of two triplets to a singlet for the 
reactants lies beyond the SCF MO model, and even beyond any 
pair model. The validity of conventional orbital symmetry rules 
is therefore not obvious. The theoretical analysis requires a 
MCSCF wave function and the "minimal bona fide descrip
tion" involves all configurations that can be constructed using 
the four "reaction orbitals"2 a, a*, IT, -IT*, while keeping inner 
shells and CH bonds as doubly occupied MO's. There are eight 
such configurations, seven singlet coupled and one triplet 
coupled, if D2h symmetry is preserved. The dissociated ground 

GROUND STATE 1Aq 
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Figure 1. Variations of HCH angle during dissociation of lowest two 1A8 

states of ethylene. 
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Figure 2. Energy variation of lowest two 1Ag states of ethylene during 
dissociation. 

state of the system is the superposition of five of these eight 
configurations. 

An ab initio calculation has been carried out based on such 
an eight-configuration wave function with full optimization 
of all orbitals, of all configuration mixing coefficients, and of 
the HCH angle variation along the entire reaction path. This 
angle variation is displayed in Figure 1. The energy curve re
sulting for the reaction under conservation of D2h symmetry 
is shown in Figure 2. The reaction energy is found to be 157 
kcal/mol (experimental, 167 ± 5 kcal/mol; Hartree-Fock 
SCF, 121 kcal/mol). The energy curve is remarkably un
eventful and the orbital occupation numbers change very 
gradually (Figure 3). These results imply that there exists no 
barrier for this reaction. In view of the general shapes of the 
curves shown, we are confident that this conclusion will not 
change when the calculation is carried out with a more elab
orate basis set. (An even-tempered (9s,5p/4s) primitive GTO 
basis was used, contracted to a (3s,2p/2s) quantitative basis.) 
We infer that it should be possible to dimerize two methylenes 
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Figure 3. Variations of occupation numbers of natural reaction orbitals 
during dissociation of lowest two 1A8 states of ethylene. 

to ethylene under appropriate conditions, in particular ex
cluding competing processes. 

The first excited state of the same symmetry corresponds 
to the coupling of two 1A] methylenes to the lowest excited 
'Ag* state of ethylene and has the rough orbital character
ization 

(o-L
2 singlet)(o-R

2 singlet) = (<rV2 singlet) 
— (o-27T*2 singlet) 

Here orbital symmetry is not conserved and Woodward-
Hoffman rules apply. An ab initio MCSCF calculation of the 
same quality as that described for the ground state was carried 
out for this state as well. The variation of the optimal HCH 
angle, the variation of the energy along this reaction path, as 
well as the variation of orbital occupation numbers are also 
shown in Figures 1, 2, and 3, respectively. It is seen that, in spite 
of the replacement a*2 —- TT*2, and in spite of rather dramatic 
changes in occupation numbers, no barrier exists if the HCH 
angles vary appropriately. This is so because the antibonding 
character of the TT* orbital lifts the ethylene state substantially 
above the dissociated species and because, in addition, a sub
stantial 7r-orbital occupation occurs in the transition region. 
This latter contribution cannot be predicted from a knowledge 
of the reactant and product structures alone and illustrates the 
value of a full MCSCF approach. 

The details of this work will be described in a forthcoming 
publication.3 
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Exciton Collection from an Antenna System into 
Accessible Traps 

Sir: 
Photosynthetic systems are known to maintain a simplicity 

in design by collecting light over a large set of antenna chro-
mophores and subsequently channeling the energy into a few 
reaction centers, where apparatus for utilizing the photogen-
erated carriers is localized.'~3 We have been able to mimic this 
effect in assemblies of thin films. Such systems open some new 
avenues for experimentation with the collection and utilization 
of photonic energy. 

Figure la shows a typical device. The antenna chromophore 
is fluoroanthene (singlet energy, Es = 3.14 eV), which is dis
tributed within a polystyrene (PS) phase that is spin coated 
from xylene solution onto a glass substrate.4'5 The trapping 
center is perylene (£s = 2.85 eV) at submonolayer coverage 
on the surface of the polystyrene. Amounts are assayed by 
dissolving the assemblies in xylene and performing fluoro-
metric analysis on solutions. Fluoroanthene was contained at 
6.5 X 1O-9 mol/cm2, which represents 4.6% of the film's mass 
and implies an 18-A mean spacing between molecules. 

The film system was monitored by its fluorescence. The 
excitation beam was normal to the substrate and passed 
through it to the film. Emission was observed along virtually 
the same line by front-face optics. The absorbance was small 
enough that excitation was uniform. Emission spectra of 
fluoranthene and perylene are shown in Figures 2a and 2b. 
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Figure 1. Schematic diagrams of structures of film assemblies: (a) two-
layer system, (b) three-layer system, (c) enlarged representation of in-
terfacial region of b. 
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