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Abstract  

This paper provides a brief update on recent advances in the reversible free radical recombination. That subject was reviewed in [1]. Here we 
report the new developments in this area, namely π-stacks of radical-ions and some new systems “radicals-dimer”. The current and potential 
application of such systems in science and technology is discussed.
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Introduction

Many free radicals participate in the reversible recombination: 
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We will use the notions: 
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D can be symmetrical or asymmetrical. In most studied cases, 
the radicals in a dimer are combined by C-C or C-O bonds. Dimers 
which are formed by a (weak) chemical bond and are called σ - 
dimers.

 The first triphenylmethyl radical, discovered by Gomberg in 
1900, took part in the reaction (1) and formed an asymmetrical 
σ  - dimer. 

Mainly sterically hindered radicals participate in (1). The 
delocalization of an unpaired electron over the radical results in 
its decreased reactivity also. Sterically hindrances prevent the 
close contact between two .R  in D leading to a longer and weaker 
bond [2]. 

Results and Discussion

The extensive review article [1] describes many “radicals–
dimer” systems with a focus on the kinetics and thermodynamics 
of reaction (1) and the kinetics of side reactions of .R and D 
besides the reaction (1). 

What has happened in that area during the last 45 years?

 It was observed that plane radical-ions form π -stacks despite 
the Coulomb repulsion. They are called π - dimers, Figure 1:

Initially, it was assumed counter-ions are required during 
dimerization of radical-ions to decrease the Coulomb repulsion 
[1].

Supramolecular π -dimers can be encapsulated in one or 
another host [3], which stabilizes dimers [4]. Investigation and 
reactions of π -dimers in different hosts may lead to the molecular 
machines [4]. The nature and binding energy of D (reaction 
(1)) introduces a completely novel recognition motif within 
supramolecular and mechanically interlocked molecular systems, 
complementing well-established techniques and enabling new 
research opportunities [4]. 

The study of π -dimers leads to understanding and practical 
use of one type of unusual bonding - the long multi-atom-centered 
radical dimerization of planar π -systems - within dynamic 
chemical systems to drive both molecular recognition and 
mechanical switching [4].

The reversible dimerization of radical-ions of substituted 
p-quinones and diamines at different temperatures was studied 
by ESR [5].

There are a few reported examples of when neutral radicals 
forming π -stacks [4,5].
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Figure 1:  Pictorial presentation of σ  -and π  - dimers of free radicals. Adapted from [3].

Figure 2: 9-phenylfluorenyl radical studied in [3].

Figure 3: The structures of two dicyanomethyl N-substituted  radicals of comple structure were studied in [11].

 Usually, the concentration [D] is several orders of magnitude 
higher than the equilibrium .R   . For example, let the equilibrium 
[D] = 1.10-3 and the equilibrium .R  = 1.10-7 M. 

Consumption of .R   in a side reaction, say ∆ .R  = 1.10-7M, will 
lead to a negligible change in [D] and will preserve practically the 
same equilibrium .R  ~ 1.10-7M. Thus, D is a depot of the same 
quasi-equilibrium .R   for a relatively long time. That should be 
important for controlled polymerization. Assuming that .R  are 
reactive towards multiple bonds of a monomer M, and the system 

(1) is in M solvent or a solution with high [M], we expect that in 
our example, a low concentration of 1.10-7M of chain propagating 
radicals were formed. Slow and constant rates of initiation are 
required for controlled radical polymerization [6].

 2,2’,4,4’,5,5’-Hexaarylbisimidazoles (HABIs) are one of the 
most widely used thermo- and photo initiators. HABIs is in 
equilibrium (1) with the corresponding lophyl radicals. HABIs, 
developed at DuPont, have found applications as initiators in 
liquid solutions and polymer films [7-9].
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Dimers of aromatic 2-arylindane-l,3-dion-2-yl free radicals 
are efficient inhibitors in liquid-phase oxidation of alkyl aromatic 
hydrocarbons [10]. Dimers participate in the reaction (1), and the 
corresponding .R terminates the oxidation [10].

Below are several studied structures of .R participating in the 
reaction (1) and leading to σ  dimers. 9-Phenylfluorenyl radical. 
forms a symmetric D Figure 2 [3].

The left radical in the Figure 3 undergoes reaction (1). The 
right radical with the same reactive fragment is stable, but 
reversibly dimerizes into π -dimers in a toluene solution [11].

This fact stresses the importance of a large planar structure 
for the formation of π -dimers.

Studies have shown that para-substituted triphenylmethyl 
radicals with both electron-donating and electron-withdrawing 
groups exhibit relatively long lifetimes. It demonstrates life-
increase of the radicals (lower 2k1) is due to the “captodative” 
interaction [12]. 

The thermal dissociation of bis(pentamethylcyclopentadienyl) 
to pentamethylcyclopentadienyl radicals (Figure 4) was studied 
by EPR spectroscopy [13].

Figure 4: Reaction (1) of pentadienyl and of Substituted pyranyl radicals were studied in [13,2].

Stable free radicals find an application as photocatalysts [14]. 
Systems (1) with a sufficient concentration of .R can serve as 
photocatalysts well.

Conclusion

This area of reversible recombination of radicals (reversible 
dissociation of dimers) has gradually expanded during the last 
decades. More such systems were studied by different methods, 
mainly by ESR and flash photolysis. D are still expected to find a 
wider application, such as thermo- and photochromic compounds, 
initiators of controlled polymerization, and antioxidants. D is a 
convenient source for thermal generation of free radicals [12]. 
The new supramolecular π  -stacks of radical-ions are expected 
to possess promising properties [2].

 The authors of [3] coined the term Dynamic Covalent 
Chemistry (DCC), i.e., reversible covalent bond formation/scission 
systems, which is the topic of this paper and of [1]. Molecular 
self-assembly using the reversible bond formation–dissociation 
process of organic radicals is a rapidly growing research topic. 
According to [3], the unique switchable chemical and opto-
electronic properties by external stimuli such as mechanical or 
thermal ones will gain more importance of radical-based DCC as 

a novel materials platform toward wide-range dyes, sensing, or 
spintronic applications in the future. 

Thus, the reaction (1) known for 125 years attracted much 
attention in the recent decades. Significant expectations are 
associated with the study of “dimer-radicals” and especially π - 
dimers [2-4]. Only time will show if they realize.
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