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Summary

Electron spin resonance (ESR) spectroscopy of both experimental and theoretical aspects revealed the gamma ir-
radiated radicals in two glucose polymers, cellulose and starch. Prior to the irradiation, ESR signals are silent in both the
glucose polymers. After the irradiation, however, a singlet signal at g = 2.0 was appeared in both the glucose polymers. The
twin peaks were induced at the symmetric fields in the both sides of the singlet peak in cellulose sample. Conversely, the
twin peaks were invisible in starch sample. We identified the twin peaks to be a part of triplet signal and determined the
molecular structure of the cellulose radical. By the theoretical simulation method, we revealed, for the first time, that the
triplet signal was attributed to the hyperfine interactions with two protons in the radical. The third peak within the triplet is
overlapped by the organic radical at g = 2.0. We found that the cellulose radical does not remain in the rigid limit or the static
state, but rather undergoes axial rotations around both C-C and C-H bonds. Thus the triplet may be used as a dosimeter

for the irradiated plant foods.
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Fig.1 ESR spectra of filter paper and oblate before
and after irradiation.
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Fig. 2 ESR spectra of filter paper and oblate after
irradiation; blow up views (75 mT) around
the signal position.
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Table 1 Spectral parameters employed for simulations

o C-C rotation and C-H
Rigid limit .
rotation
g =values g .=2.0035 g, =2.0029
g,=2.0029 g, =2.0029
g,=2.0023 g =2.0032
Hyperfine splitting (mT) A =346 A, =2.00
A,=124 A, =2.00
A,=228 Ay =299
Line width (mT): 0.3 mT 0.3 mT
Line shape field (L : G) 0:100 0:100
Resonant field (mT) 349.0 mT 349.0 mT
Field sweep range (mT) =+ 50mT =+ 50mT
Microwave frequency (GHz) 9.780GHz 9.780GHz
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Fig.3 Theoretical ESR spectra of -C-CH2 radical
were calculated at two different conditions of
the radical molecule. The first was a spectrum
at the rigid limit. The second was that both C .-
C; and C;-H bonds undergo rapid rotations.

A& 5 THRHARY P IVIZRELT X 72,

3. Y1 KES

YA FES S &S,) HRHXhZERKTOA
Biixh, * 75— rcERtEhahr 77, 20
RIS, ¥4 FEFRTFT YTy cidh ko —
ZIZHkRT B LA L 2, EEE, FEHELS IR o—

S, signal

1
=)
&
3
B
_“=
&
é (@]
E o O o] O
g 0 O ©C 0 CO0O QO
Z

0

0 2 4 6 2

Microwave power (mWLZ)

2 & G BRER 2P0 5 K OVESR Y 12
WEBZET, ¥4 FESORBABMIL -, £7-,
WBEDOLFIZED YA FEED2ODEFFDH 5—
FHOEZFMNEETEZ L2 HEY LT3,

Fig. 4 I[85 L 2K CRIMI S h 2 ¥ 4 FEFD
RIFIZEE) 2R U7z, AR~ 4 o aiidigid 4
~16mW Toh 0, IZITHEC ~ A 7 v chafl
L7z, 2Ok BEBROABE» 5, 1 FES
AEA OYHEENR, 5724 b 5 6 UBHHIAE AR
oTWBLEZ LN,

Rénby D H4HE ) = — D ESRFEOHE 2 12 &
5L, ZLOXEICEW TG b Lo — 22T B
SUANKEE LT C-CH, 7 ¥ # L2 & alREME A
EWEHFEER L TWB, - CCH, 7 ¥V LD ESR 2R
7 M 2o07a by ORNETIC X B HEHHHE
HERIZEA M) TLy b LTEIIE NS &G
L7,

4. EBANY MNVEBRANY ML

FR AR P LERFR L U T O rigid limit %
ARG FIILTREP 512728, 5 A )L hfa)lizE
BLTWBEREL, - CCH, 7 Y 7LD 5r1-Hk
WICHED %, BB 7V LEEDOEA D ESR 2
N MLAEYIaL—Y 3 Y U7, 1DHIZ Rigid
limit (FEARRER) DO2~X27 b, 2 2HE C,-Cpib
&L Cy-H A DOM O EERIZ X 554D 2
R MLTHB, VIab—Va VORENS, &

S, signal

o © 0o o
o) o
e} ©o ¢

O
O

Normalized (Peak high/Amp. Gain)

0

0 2 4 [ g
Microwave power (mW!72)

Fig. 4 Progressive saturation behaviors of twin signals (S1 and S2) of irradiated filter paper.
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The upper shows chemical structure of the irradiated cellulose. The triplet ESR

spectrum of cellulose is due to the equal interaction of the two hydrogen atoms at C6
with the unpaired electron formed by the removal of the hydrogen atom at C5. The
below shows chemical structure of amylose.
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