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Recently it has been made clear that cyclohexadienyl-type radicals
are created by irradiation of simple aromatic hydrocarbons, such as
benzene,*) naphthalene® and anthracene.® Optical absorption
band associated with the cyclohexadienyl and hydronaphthyl radi-
cals (the latter is referred as HNR) have been identified and the
vibronic structures associated with one of the transitions in the for-
mer have been analyzed.® The purpose of this note is to present
the vibronic structures for the «-HNR and for the other radicals
which have not been identified. It is suggested that one is associated
with B-HNR and the other is the radical with a hydrogen added to
binaphthyl (Fig. 1).

Specimens were obtained from a single crystal block grown by the
Bridgeman method. The raw material had been purified by the
conventional chemical method and passed through the molten zone
50 times. The specimen was irradiated with 2 MeV electrons gener-
ated from a Van de Graaff accelerator. The measuring techniques
were described elsewhere. ®

The naphthalene single crystal irradiated at liquid nitrogen tem-
perature (LNT) has optical absorption bands at 2.307 and 1.962 eV,
both of which have vibronic structures. When the specimen is
annealed at room temperature, new bands at 1.747 eV accompanied
with a vibronic structure appear. The vibronic structures are sum-
marized in Tables 1, 2and 3. Column 3 in each table shows the orien-
tations of the absorption spectrum, determined by dichroic measure-
ments. The assignment of the vibrational mode was made from the
result of Raman spectra® by considering that the coupling with a,

315



Downloaded by [Tomsk State University of Control Systems and Radio] at 08:17 23 February 2013

316 MOLECULAR CRYSTALS AND LIQUID CRYSTALS

H H
| l

|

|
H/C\ /C\ /C\H

C/H

Figure 1. The radical with a hydrogen added to binaphthyl.

mode does not alter the dipole orientation. Since the agreement
between the vibronic energy intervals and Raman energies is reason-
able, it is concluded that all absorption bands arise from the
molecular species whose main component is naphthalene. Since these
species have transitions in the near infrared and all of them also have
transitions with larger oscillator strength in the visible and ultraviolet
region, ® it is suggested that these species are radicals.

It has been shown already from a comparison of optical and EPR
studies that the band at 2.307 eV is due to «-HNR.® The band at
1.962 eV is considered to be caused by B-HNR since it is produced by
irradiation at LNT. The existence of 8-HNR has been verified by
an EPR study.® The 1.747 eV band grows with annealing at room
temperature where the naphthyl radical disappears at a considerable
rate. Thus, it is suggested that this band is created by the reaction
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TaBrLe 1 Vibronic Structure Associated with 2.307 eV Band

Energy Energy difference Vibrational energy

(eV) {eV) Polerization Assignment (eV)

2.307 isotropic

2.366 0.059 a V10 (Bag) 0.049

2.394 0.087 isotropic v 5 (ag) 0.095

2.426 0.119 a vig(bygy) 0.118

2.441 0.134 b V19 (Dag) 0.145

2.450 0.143 isotropic v 4(a,) 0.142

2.497 0.190 isotropic v ¢(ag) 0.182

2.517 0.210 isotropie v 2 (ag,) 0.195

TaBLE 2 Vibronic Strueture Associated with 1.862 eV Band

Energy Energy difference Vibrational energy
(eV) (eV) Polarization Assignment (eV)
1.962 b
2.022 0.080 b vy (a,) 0.063
2.050 0.088 a 11 {b1,) 0.090
2,103 0.151 a - 0.153
2.134 0.182 b ve () 0.182
2.156 0.204 b vs(ay) 0.195
2.164 0.212 b 2 + vi 0.216
2.222 0.270 a —

2.250 0.298 a —

TABLE 3 Vibronic Structure Associated with 1.747 eV Band

Energy Energy difference Vibrational energy

{eV) (eV) Polarization Assignment (eV)
1.747 a

1.811 0.064 a v (a,) 0.063
1.844 0.097 a va (ag) 0.095
1.871 0.124 a vs (@) 0.126
1.912 0.165 a vs(a,) 0.171
1.936 0.189 o ve (a,) 0.182
1.948 0.201 a Vs (a,) 0.195
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of the naphthyl radical with the neighboring naphthalene molecule.
The tentative model of the radical for this band is that with a hydro-
gen added to binaphthyl (Fig. 1). Details of this work including the
other optical transitions will be published elsewhere.t

t The present study was carried to higher radiation doses than the earlier
one and new bands at 1.962 eV and 1.747 eV bands were found. It was shown
that the 1.962 eV and the 3.25 eV band and the 1.747 eV and the 2.95 and
2.78 eV bands arise from the same species. Thus the suggestion by T. Okubo
et al.®) that the species for both the 3.25 eV band and for the 2.95 and 2.78 eV
bands are binaphthyls appears incorrect.
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