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Chimica. — Radiation induced free radicals in y~irradiated 
cristalline orx\\o—toluenesulphonic acid. Nota di G a b r ie l l a  P oggi 
e G ian  C arlo M arconi <**>, presentata <***> dal Socio G. S e m e r a n o .

Riassunto. ■ L irradiamento di cristalli di acido o-~Toluenesolfonico a temperatura 
ambiente produce per lo meno tre diverse sped paramagnetiche. Di queste, la specie 
termicamente instabile sembra essere SO3“ , mentre le due termicamente stabili sono state 
identificate come un radicale cicloesadienile disostituito e un radicale 0-tolile.

Introduction

In a previous study the hyperfine tensor analysis of ortho protons in 
a cr arom atic radical was carried out [1], utilizing the angular dependence 
of the spectra of y-irradiated and therm ally treated single />-toluenesulphonic 
acid crystals. In  th a t case, the presence of two almost m agnetically equi­
valent protons did not allow the resolution of a single tensor, and only the 
average of the two tensors involved was obtained. In  principle, the study 
of sim ilarly treated single <?-toluenesulphonic acid (<?-TSA) crystals could 
allow the determ ination of a single ortho proton tensor. A ctually, in this 
system a more com plicated situation arises in th a t 1) more than  one p ara ­
m agnetic species is present even after annealing and 2) the resolution of the 
spectra is generally very low, possibly due to the presence of magnetic 
inequivalent sites w ithin the elem entary cell. Therefore, the present note 
deals essentially with the identification of the species observed after anneal­
ing of the irradiated samples of o-TSA.

E xperimental

The apparatus and technique were the same as described in ref. [1 ]. 
Crystals of reagent grade 0-TSA *2H 2O by Schuchardt (M ünchen) were 
obtained by repeated crystallization from solutions in trip ly  distilled H 20. 
The crystals show two well characterized axes perpendicular to each other, 
henceforth called b and c. A lthough the crystal structure of this compound 
is not known, it is believed th a t the type of angular dependence exhibited 
by the ESR  spectra is a strong indication tha t the samples utilized are 
single crystals. A  set of reference axes a*, b and c> w ith a* perpendicular 
to both other axes, was chosen for the angular variation study.

(*) Istituto Chimico «G. Ciamician », Via Selmi 2, 40126 Bologna Italy .
(**) Laboratorio F .R .A .E . del C.N.R., Via de’ Castagnoli 1, 40126 Bologna, Italy.

(***) Nella seduta dell’8 maggio 1976.
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R e s u l t s  a n d  d i s c u s s i o n

Two typical spectra are shown in fig. 1, where the top trace refers to 
samples not therm ally  treated, the lower one to samples heated at 48 °C for 
a few hours. T he intense peak in the middle of the former is characterized 
by an isotropic g -value of 2.0036. The spectra of the therm ally stable species, 
however, are structured and orientation dependent. U nfortunately  they do

Fig. I .  -  E SR  spectra of y-irradiated 0-TSA; a) at room tem perature before annealing 
b) a t room tem perature after annealing for a few hours at 48 °C. M agnetic field norm al to 

the b axis, at o° from the r* axis. Power level approxim ately 20 mW.
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not lend themselves to a detailed study of ^--tensors or hyperfine splitting 
tensors of the dilferent species involved. While the singlet disappearing at 
48 °C could be identified with the S03~ species observed by Chantry et al. 
[3]. an interpretation of the rest of the spectrum in terms of two species, Rx 
and R2, has been attempted as explained below.

Rt is the species responsible for the outer triplets of low intensity clearly 
visible in fig. i, and is characterized by a fairly isotropic g -value of circa 
2.0025. K-2 is the species mainly contributing to the central part of the
spectrum, and the relative g -value oscillates around 2.0040 although a marked 
asymmetry makes a precise determination impossible.

The angular dependence of the hyperfine splitting within the Rx outer 
triplets is shown in fig. 2. It is seen that along one plane the anisotropic part 
of the splitting is as high as 50%, of the isotropic value. Also, according 
to the semiquantitative reasoning of Morton [2], the plane where almost no 
anisotropy is observed could be identified, if the splitting is a ring hydrogen 
splitting within a Tr-type radical, with the plane of the aromatic ring. In

! Fig. 2. -  Angular dependence of the minor triplet splitting of radical Rp 
full square, plane c* a, triangle, plane ab, full triangle, plane be*.

contrast with this marked angular variation in the secondary hyperfine 
coupling, a very minor variation of the separation between the centers of 
the triplets is observed in all planes, i.e. a few percent. The average value is 
93 Q, and this could come either from a doublet pattern characterized by this 
value of the hyperfine coupling constant or from a triplet pattern characterized 
by a coupling constant of 46.5 G, the central component of which is hidden 
under the R2 spectrum. The latter hypothesis is considered most likely on 
the basis of the following considerations: 1) formation of cyclohexadienyl
radicals upon irradiation of benzene and related compounds, as a result of 
H attachment following the primary damage event, has often been observed 
both in solution [4], [5], [6], and in the solid state [7], [8], [9], [10], [11], 
[12]; 2) in all cases in which ESR studies were carried out [6], [7], [8],
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[9]) [10], [ 11 ], [12] a hyperfine splitting constant of circa 50 G has been 
observed for the methylenic protons, in good agreement with the theoretical 
results derived by Colpa and de Boer, for the unsubstituted cyclohexadienyl 
species [13], oddly at variance with the more sophisticated INDO results 
of Pople, Beveridge, and Dobosh [14], from which a value twice as large 
as the experimental one is derived. As far as the ring hydrogen hyperfine 
splittings are concerned, they were found to be in the unsubstituted species: 
9.06 G (ortho), 2.69 G (meta), and 13.15 G (para) [6]. They were also 
found to be fairly insensitive to substitution [6], Accordingly, the hyperfine 
pattern presently observed would be consistent with the one due to a cyclo­
hexadienyl radical having either both ortho positions free from substituents 
or one ortho and one para. The remaining meta hydrogen splitting would 
only contribute to the line width. The choice between the two alternatives 
mentioned is not clear-cut. However, the regularity of the triplet pattern 
observed at all orientations could be interpreted in terms of a near chemical 
equivalence of the two protons involved with respect to the CH2 group, that 
is in terms of the first structure proposed. Next, one might want to consider 
the relative position of the CHS and S03H groups with respect to the ring 
CH2. In this respect, it can be mentioned that, although the , effect of the 
sulphonic group has not to our knowledge been investigated, the COOH 
group has been found to direct preferentially to the para position [10]. 
This, if transferable to the S03H group, would also be in keeping with the 
result that no cyclohexadienyl type radical was produced irradiating the 
/-toluenesulphonic acid [1]. In that case, the position in which addition 
would have been favored was occupied. It is felt therefore that the most 
likely structure for radical Rj is as follows:

s o 3h

It might be added that it was not considered worthwhile to check the 
attribution theoretically by calculating the hyperfine splitting constants of 
the structure proposed, and for two reasons, i.e. first, the difficulty of 
adequately treating second row atoms within an INDO calculation, and also 
because of the disagreement found by Pople et al. in their study of the 
unsubstituted species [14].

The interpretation of R2 has been based on analogy with the behavior 
of the ^i-TSA, [1]. Since in both cases the same thermally unstable species 
was formed, it seems logical that in both systems a tolyl radical should be 
formed. Due to the difficulty of determining a set of hyperfine splitting 
constants from the fairly unresolved spectra, a theoretical calculation of their
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Table I

INDO spin densities and hyp er fine splitting constants 
fo r  protons, an , in the o-tolyl radical, averaged over 
rotation of the methyl group. Results obtained by 

means of the 141 QCPE Computer Program.

Position with respect 
to the radical centre p

ortho ....................................... .0313 16.92
meta ........................................... .0123 6.62
p a r a ........................................... .0085 4.58
meta ........................................... .0088 4-74
met hyl . . . . . . . . . . . — .0050 — 2.75

a

Fig. 3, -  Comparison between calculated and experim ental spectrum. M agnetic field 
parallel to the b axis at 30° from the c*. The calculated spectrum  contains one trip let of 
triplets, with hyperfine splittings of 46.5 G and 8.5 G, corresponding to R x, and one doublet 
of quadruplets, characterized by a doublet splitting of 15.5 G and a quadruplet splitting 
of 7.5 G, corresponding to R2. For both, a linewidth of 4 G was used. The separation 

between the centers of the two spectra was 5 G and the integrated intensity  ratio 0.2/1.
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isotropic values was carried out tor the 0-tolyl radical within the INDO 
frame. T he results are reported in Table I. Clearly, they cannot be directly 
com pared with experim ent due to the fact that anisotropy can be quite 
relevant and th a t the contribution of Rj to the overall pattern  m ust be taken  
into account. However, tak ing  the calculated values as indicative, it has 
been possible to reconstruct fairly closely one of the observed spectra, by 
com puter simulation, introducing the experim entally determ ined triplet 
splittings for R x and a simplified set of splittings for R 2, as explained under

3> where the com parison between sim ulated and experim ental spectrum  
is shown. W hile this is not a dem onstration tha t the structure proposed for 
R 2 is correct, it is felt th a t the extent of agreem ent gives it some credibility. 
A m ong other species th a t could possibily be present, one m ight perhaps 
envisage a substituted benzyl radical.

Finally, the fact th a t the ratio between the concentrations of R x and R 2 
is approxim ately 0.2/1 perhaps deserves some attention. This m ight indicate 
th a t the hydrogen attachm ent reaction is subsequent to the S03H detachm ent 
reaction leading to the form ation of 0-tolyl, and th a t the hydrogen atom 
comes from the sulphonic group.

C o n c l u s io n s

It seems to have been established th a t TSA belongs to the class o f  
substituted benzenes giving rise to cyclohexadienyl radicals under y-irradia- 
tion. U ntil now, only a few studies on single crystals have been reported 
[9, 11]. T he present case does not allow for very good m easurem ents of the 
hyperfine splitting tensor due to the low yield of cyclohexadienyl formation. 
Also, it would be desirable to study  a system for which the crystal structure 
is known. Nevertheless, it is interesting to note that this type of radical can 
be formed in tjhe 1,2 disubstituted compound, but not in the 1,4 disubstituted 
one.

Secondarily, the experim ental findings are compatible with the form ation 
of a radical formed by SOsH group abstraction, in analogy with the clear-cut 
behavior of the 1,4 isomer.
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