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Synopsis. The photoisomerization of the y-ray-
induced maleate radical anion (DEM-) to thc fumarate
radical anion (DEF-) has been studied. The molar extinc-
tion coefficients of DEM- and DEF- have been determined
to be 2.4,% 10*1mol-tcm-1 and 3.4x 10* I mol-! cm-1 re-
spectively, The yield of the isomerization from DEM- to
DEF- is found to be 0.95.

In a previous paper,) we reported the photoiso-
merization of the maleate radical anion produced in
2-methyltetrahydrofuran (MTHF) glasses by y-irradia-
tion. The reaction intermediates observed were iden-
tified as radical anions. However, some problems
remained to be resolved in the previous study. Because
of the poor solubility of the trans isomer (dimethyl
fumarate) to MTHF, for instance, the experiment
changing the concentration of the frans isomer was not
possible, so that the extinction coefficient could not be
estimated accurately in that case.

We have now made an attempt to determine the
molar extinction coefficients of the radical anions and
to estimate the yield of the isomerization in rigid
media. We have chosen diethyl maleate or diethyl
fumarate-methanol systems in order to have a good
solubility of the esters to methanol and for the con-
venience for optical studies.

Experimental

Spectro-grade methanol containing 5.7 mol%, of triply
distilled water was used as the solvent. The diethyl maleate
(cis, DEM) and diethyl fumarate (frans, DEF) were purified
by passage through an activated aluminum column. The
samples were degassed by the freeze-pump-thaw technique.
The samples were irradiated with Co-60 y-rays at 77 K and,
in most cases, at a dose rate of 2.0x 10'8 ¢V/g hr and a dose
to 1.0x 1018 eV/g. The photobleaching of y-irradiated sam-
ples was carried out with visible light from a slide projector.
The optical absorption spectra of y-irradiated samples were
measured at 77 K on a Hitachi EPU 2A spectrophotometer.

Results and Discussion

y-Irradiated pure methanol glass gives an optical
spectrum with an absorption maximum at 530 nm;
this maximum has been assigned to the trapped elec-
tron (e;) in methanol.?

When solutions containing DEM at low concentra-
tions are irradiated, the spectrum shows absorption
maxima at 530 and 345 nm(Fig. 1a). Upon an illumina-
tion with visible light (4>>490 nm), the 530 nm band
diminishes in intensity, while the 345nm band in-
creases (Fig. 1b). The 345nm band first shifts to
335 nm upon an illumination with visible light(no filter),
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Fig. 1. Absorption spectra of y-irradiated 0.08 mol9,
DEM in methanol at 77 K. a: sample y-irradiated to
a dose of 1.0x 108 eV/g, b: after 2 min illumination
of sample a with visible light (1—490 nm), c: after
2 min illumination of sample a with a visible light
(no filter), d: after 60 min illumination of sample a
with visible light.

while it is bleached by prolonged illumination (Fig.
Ic, d). It is obvious from these experimental results
that the cis—trans isomerization can occur by means
of the illumination of visible light at wavelength shorter
than 490 nm. The 345 and 335 nm bands are attribut-
able to the DEM and DEF anion radicals respectively,
judging from similar results in the previous work.D
The reaction mechanism is proposed to be:

CH,OH s CH,OH* + ¢,
DEM + ¢ —» DEM-
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The molar extinction coefficients (¢) of the radical
anions were determined from the competitive reaction
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Fig. 2. DPlot of optical density at 345 nm ss. 4 (DME)
for y-irradiated DEM in methanol at 77 K.
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of mobile electrons between the esters and methanol
(Fig. 2). Since the extinction coefficient of e; has been
known, the extinction coefficient of DEM~- can be
determined by the following method, assuming that the
decrease in e, contributes to the increase in DEM-,
In Fig. 2, A(DEM) indicates OD—OD'/e(e;)d, where
OD: optical density at 530 nm in pure methanol glass;
OD': optical density at 530 nm in a DEM-methanol
glass; e(e;): molar extinction coefficient of e, at 530
nm, and d: thickness of the cell. The value of ¢(e,)
has been reported to be 1.38 1041 mol-* cm~2.3 The
molar extinction coefficient (¢) of the DEM anion
radical can be obtained from the slope of the straight
line in Fig. 2. The ¢ of the DEF anion radical can
also be obtained by the same method. The molar
extinction coeflicients of the DEM and DEF radical
anions have been estimated to be 2.4, X 1041 mol~! cm—*
at 345 nm and 3.4, 1041 mol~! cm~! at 335 nm respec-
tively.

The concentrations of DEM~- and DEF- can be
estimated by using these extinction coefficients. The
DEM-methanol solutions were illuminated with visible
light (1>>490 nm) after y-irradiation at 77 K; the con-
centrations of DEM~ were estimated at this stage of
the experiment. Subsequent illumination of the sample
with visible light (2 min) produced DEF-, and the
concentrations of DEF~ were estimated. The concen-
trations of DEM~ and DEF- obtained in this manner
are shown in Fig. 3.
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Fig. 3. Plot of the concentration of DEF- vs. the con-

centration of DEM- for photoisomerization of y-
irradiated DEM in methanol at 77 K.

The yield of the cis—irans isomerization is found to
be 0.95 from the slope of the straight line in Fig. 3.
This means that 959, of the DEM~ produced undergoes

the cis—trans isomerization.
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