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The proton-beam-induced reaction of spirophenanthrooxa-
zine (SPO) is investigated as a function of fluence by UV–vis ab-
sorption spectroscopy, color measurement, and GC/MS. The re-
action is a decomposition reaction of SPO with a rate constant of
0.275min�1 and proceeds in a different way from its photochro-
mic reaction.

Photochromic spiropyrans (SP) and spirooxazines (SO)
have been the subject of extensive study due to their potential ap-
plications in optical memory storage, optical switching, and dis-
plays.1–3 Upon exposure to a non-ionizing UV radiation, spiro-
compounds exhibit color change, which relies on the photoin-
duced heterolytic cleavage of C–O spirobond to generate their
colored photomerocyanine (PMC) (Scheme 1).4–6 PMC form
tends to revert back to the spiro form photochemically7 as well
as thermally.8

On the contrary, there are very few papers regarding how
ionizing radiation such as proton beams affect the nature of spi-
rocompounds. Moscovitch et al. showed both theoretically and
experimentally that ionizing radiation in the form of heavy
charged-particles (HCP) is capable of changing the information
originally stored on three-dimensional optical random access
memory materials.9,10 And they also proposed the use of SP
for real-time dosimetry of neutrons or HCPs.11,12 However, the
nature of the radiation-induced chemical changes of SP is not
discussed in the papers. Recently, Irie et al. observed diaryl-
ethene exhibits color change under �-irradiation in a similar
way to its photochromic reaction.13

Here, we studied the effects of the proton beam on spiro-
phenanthrooxazine (SPO; 1,3-dihydro-1,3,3-trimethylspiro[2H-
indol-2,30-[3H]-phenanthro[9,10b][1,4]oxazine]) dissolved in
chloroform.

25MeV proton beams from a MC-50 cyclotron were utiliz-
ed to irradiate 4� 10�4 M SPO solution. The beam current was
10 nA and the fluence was adjusted to the range of 1:0� 1010–
2:0� 1012 ions/cm2. The UV–vis spectra of solutions were
measured 1 day after terminating the irradiation.

Figure 1 shows that the color of SPO solution significantly
depends on the applied proton fluence. Because of the equilib-
rium between the closed and the open form, the un-irradiated
solution appeared as blue. As the irradiation proceeds, its color
gradually turns to pale black, dark green, greenish brown, and

then finally to bright brown. This indicates the composition of
the solution continuously varies with increasing fluence. Be-
cause the UV–vis spectra of solvent itself show no noticeable
difference between before and after the proton irradiation, every
change observed in the spectra of SPO solution is entirely attrib-
uted to the chemical change of SPO. The proton beam also con-
spicuously modifies neither NMR nor IR spectra of the solvent.
However, this does not mean nothing happened in chloroform.
Rather it is thought that the fraction of solvent which experien-
ces some sort of reaction during the irradiation is too small to be
detected by the traditional spectroscopic methods.

Figure 2 represents the absorption spectra of SPO solution
as a function of proton fluence. Depending on absorbance of
the solutions, one of three cells having different path lengths
(2, 5, and 10mm) was utilized for the spectral measurements
and then its difference was corrected to give Figure 2. It is clear
that the shapes and the absorbance of the spectra depend to a
great extent on the fluence. The dashed lines correspond to the
fluence up to 4:0� 1011 ions/cm2 and the solid lines correspond
to the fluence greater than that. The un-irradiated SPO solution
shows an absorption band at 350 nm and a smaller one at
590 nm. As the fluence increases (dashed lines), both bands de-
crease and at the same time a new band appears at 480 nm. This
is somewhat surprising because UV irradiation to spirocom-
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Scheme 1. Photochromism of SPO.
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Figure 1. Changes in the color of SPO solution with the proton
fluence.
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Figure 2. Effects of proton fluence on the spectra of SPO solu-
tions. The proton energy was 25MeV and the numbers in the
figure indicate ion fluence. Each spectrum was measured using
a cell with suitable path length and then its difference was cor-
rected.
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pounds generates PMC resulting in absorption increase at typi-
cally between 550 and 610 nm.14,15 The presence of the isosbes-
tic points at 388 and 535 nm in the dashed lines implies SPO sto-
ichiometrically changes into the species absorbing at 480 nm.
We will refer the species as ‘‘B.’’ The fact that the absorption
band of B is located at 480 nm indicates it possesses conjugated
double bonds.

Figure 3 and its inset show that the proton-beam-induced re-
action is first-order with a rate constant of 0.275min�1. The fact
that photochemical reaction rates depend only on the light ab-
sorption rate implies that the reaction proceeds thermally. The
proton-beam-induced thermal reaction can be explained by not-
ing that the proton beam dissipates its energy mainly as heat
when passing through the medium.9 Because its energy release
is localized in the medium,16 it is not so difficult to imagine
the medium temperature along the beam path will be considera-
bly high.

Figure 4 represents gas chromatograms of SPO solution
obtained before and after proton irradiation. Before the proton
irradiation, only one peak is observed at 23.620min. Its mass
is estimated to be 378.40 u from the mass spectrum and it is
attributed to SPO. As the beam fluence increases, two peaks at
10.173 and 18.538min are evolved at the expense of the peak
at 23.620min. Their corresponding molecular masses are 175 u
and 219 u, respectively, and the respective peaks are attrib-
uted to 1,3,3-trimethyl-2-oxyindole and phenanthro[9,10-d]-
oxazole.17 This result indicates that under the proton beam
SPO mainly decomposes into 2 species and also that the proton-
beam-induced reaction proceeds in a different way from the UV-
induced photochromic reaction. This is somewhat different from
the results obtained for diarylethene under �-irradiation,13 in
which it exhibited a similar trend to the photochromic reaction.
The nature of the colored species B is still unknown. Because di-
lution does not affect the spectral shape of the irradiated solution
and because the absorption band at 590 nm is not restored upon
the addition of ammonia,17 it is unlikely that B is either an aggre-
gate form or an acid form of SPO. The facts we observed for B
are it absorbs at 480 nm and is a minor product obtained under
the proton irradiation. Research to identify the structure of B
is under way.

In conclusion, under the proton-beam irradiation, SPO
decomposes into two main products with a rate constant of
0.275min�1. The reaction proceeds in a different way from its
photochromic reaction.
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Figure 3. The dependence of the absorbance at 590 nm on pro-
ton irradiation time. The inset represents the first-order plot. The
solid lines are fits to the experimental data. Figure 4. Gas chromatograms of SPO. (A) Before and (B) after

the proton irradiation. The ion fluence of (B) is 1:0� 1011 ions/
cm2.

Chemistry Letters Vol.37, No.11 (2008) 1155

Published on the web (Advance View) October 18, 2008; doi:10.1246/cl.2008.1154


