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The numerous electron spin resonance studies
on irradiated succinic acid have shown that at least
three radical fragments exist at ambient tempera-
ture'™: (a) HOOCCH,CHCOOH, (b) CH,CHCOOH
(in small amounts), and (c) COa , the carbon di-
oxide anion radical. However, the last species
which gives rise to a single line in ESR spectrum
was recently put Into doubt,

It was belleved that this “singlet” is produced
from decay of a negative ion primary® and that its
g tensor |s sufficlently similar to that of CO,” ton-
radical for it to be identified as such.® However,
McCalley and Kwiram revised this last conclusion
recently.’ Uslng the singlet data reported by
Schwartz ef al.,® they have calculated the direc-
tions of the principal axes relative to the carboxylic
framework of the crystal structure of succinic
acld, From this revision it came out that the g~
tensor orientation of the singlet in succinie acid
is identical within 2° to that of the acyl radical In
malonic acid,!® Thus, they concluded that the
singlet in succinic acid has the structure
HOOCCH,CH,C=0., Muto et gl. in their more re-
cent comprehensive ESR study of irradiated suc-
cinic acid" gave a mechanism of formation of this
radical,

In some of our earlier ESR measurements!® we
obtained a simllar g tensor for the singlet in ir-
radiated succinic acid as reported in Ref, 8 and,
in addition, found that the orlentation of the princi-
pal axes of the g tensor also differed from those for
CO,". (At that time we considered our results as
erronecus and never published them.!®) Thig time
we would like to present further evidence, based
on the ultraviolet (uv) and infrared (ir) spectra,
that the singlet in succinic acid does not belong to
the CO," anion radical,

Single crystals of about 1X2x2 mm were grown
from saturated aqueous solutions by slow evapora-
tion, The crystals were irradiated at room tem-
perature by *Co rays to doses ranging from 1 to
10 Mrad. uv spectra were obtained at ambient tem-~
perature with a Beckmann DK-1A spectrophotom-
eter. Anunirradiated crystal was placed in the
reference beam of this double beam instrument,
The measurements have shown that an irradiated
succinic acid single crystal has a weak band at

about 300 nm and a stronger one at around 240 nm.
Similar absorption bands were also recorded in ir-
radlated samples of malonic acid. For compari-
son, the uv spectra of an irradiated sodium for-
mate single crystal were recorded under the same
conditions of Irradiation and measurement, The
data we obtained are in agreement with the uv spec-
tra of the CO," ion-radical in sodium formate
which have been reported by Chantry and Whiffen's;
we observed a weak band at about 340 nm and a
stronger one at 275 nm. A third band of slightly
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FIG, 1. ir absorption spectra of y-irradiated (full
lines) and unirradiated (dotted lines) substances in KBr
matrix, recorded at room temperature; (a) sodium for-
mate, (b) succinic acid, and (c) malonic acid, Curves
displayed vertically for clarity, The arrow indicates
the CO,” radical position.
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greater Intensity was found at 245 nm, The differ-
ences in the correlated spectra were evident.

In addition, the bright pink color, recently re-
ported in irradiated malonic acid,'® is also ob-
served in irradiated succinic acid monocrystals,
McCalley and Kwiram® assoclated this color with
the RCHH—C=O radical and compared it with the
red coloration of acetyl radicals in hydrocarbon
glasses. They attributed the absorption to the
o- 1* electronic transition which is also respon-
sible for the low g-tensor value when the magnetic
field is parallel to the C~O bond.

The ir measurements were made with a double
beam Zeiss Model UR-10 spectrophotometer using
the KBr disk technique and the procedure given by
Hartman and Hisatsune,'

The typical spectrum of irradiated succinic acid
is shown in Fig. 1. For comparison, the spectra
of sodium formate as well as that of malonic acid
irradiated and measured under the same conditions
are presented, It is evident that there are no dif-
ferences between the spectra of irradiated and un-
irradiated samples of acids, The steep slope
originating from C=0 stretch'® could not interfere
with the CO,” peak™ if the latter exlsts, A similar
slope appears in the sodium formate spectrum;
nevertheless the peak at 1663 cm™! is clearly vis-
ible in the irradiated sample. (The sodium formate
spectrum is in agreement with the data of Hart-
man and Hisatsune.)

The fact that ESR measurements are more sensi-
tive than the optical ones, and/or that the radio-
lytic yields of CO,” are smaller in acids than in
salts, can hardly be used as an explanation of non-
appearance of the CO,” band in the spectra of ir-
radiated acids. The intensity of the ESR singlet in

succinic acid indicates that the concentration of
radicals in question is of the same order of magni-
tude as for the molecular CO, in the salts, Conse-
quently, the CO{ band in the acids should be de-
tectable, if present,

We believe, therefore, that the data presented
here contributes to the idea that the CO," radicals
in irradiated succinic acid do not exist and that the
ESR singlet might well be attributed to a radical
of the RCH,C=0 type.
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