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Two radicals, formed from methylglycinatehydrochloride, C;HgCINO,, crystals on irradiation
with ~y rays, have been identified as CH,COOCH; and COOCHj.

The electron spin resonance ESR technique has
frequently been used for identifying irradiation dam-
age centres in organic and inorganic molecular sam-
ples [1] . The ESR spectra of oriented free radicals in
many organic single crystals have now been measured
[2, 3]. The observed species are usually produced by
gamma irradiation and measured at room tempera-
ture. The ESR spectra of y-irradiated single crystals
of C;H3CINO, (MGHC) have been observed between
110 - 300 K in case of H||z by recording them. The
single crystal spectra were taken at 5 degree intervals
for the magnetic field H being applied in each of the
three crystallographic planes, ab, bc, and ce and indi-
cated approximately the 1 :5:10:10:5:1and 1:
3:3:1 intensity pattern shown in Fig 1, (a) and (b),
respectively.

We have attributed them to the CH,COOCH; and
COOCH, radicals. The spectra were found to be tem-
perature dependent between 110 and 300 K. The set
of lines in Fig. 1(a) appeared to be unchanged, except
for a small anisotropy in the line splitting, and the
g value was taken in all spectra. Therefore, the rad-
ical respon31ble for this spectrum must contain five
protons in the CHZCOOCH3 radical rotating about
a symmetry axis at room temperature for all orien-
tations of the magnetic field. This spectrum consists
of 6-lines caused by the CH,COOCH, radical. The
radical splits into 1 : 3 : 3 : 1 lines because of the
protons of the COOCH; radical, then each 11ne also
splitsinto 1:2:1:3:6:3:3:6:3:1:2:1
lines due to the protons of the CH,COO0 rad1ca1 No
splitting due to the NH could be observed. The ESR
spectrum for a larger number of inequivalent protons
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Fig. 1. ESR spectra of y-irradiated MGHC a) at 300 K, b) at
110 K.

can be found by graphic construction or by the bino-
mial expansion which is a mathematical record of an
ESR spectrum. Straight forward addition of the line
intensities of simple spectra, the lines being displaced
relative to each other by the value of the coupling con-
stant, yields the intensity ratio for more complicated
spectra.
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Fig. 2. The angular variations of the A-tensor for the
COOCH,; radical.
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Fig. 3. The angular variations of the g-tensor for the

COOCH,; radical.

The hyperfine splitting of the methyl protons is
isotropic, and the hyperfine constant ais 19 G. The g
value of this radical is slightly anisotropic, its average
value being g = 2.0048 for the COOCH;. The hyper-
fine interaction of the protons in the CH,COO radical
with the unpaired electron is isotropic, its value being
a (CH,COO) = 19 G. These ESR spectra obtained
from the second radicals at 110 K were not identi-
cal with those taken at room temperature. A prelimi-
nary analysis indicates that the intensity ratio shown
in Fig. 1(b) is due to three magnetically equivalent
and nearly isotropic protons. This strongly suggests
that the second radical created in gamma irradiated
MGHC is the COOCH, radical. The isotropic compo-
nent of the hype_rﬁne interaction tensor is 1/3(TrA) =
18 G for the COOCH,. This value agrees also with
alpha protons coupling for methyl radical [4 - 7]. The
variations of A(f) and g(f) are given in Fig. 2 and
Fig. 3, respectively. The principal values with their
direction cosines are given Table 1.

Atthe low-temperature, the hyperfine interaction of
the protons in the MGHC fragment with the unpaired
electron was previously attributed to the interaction of
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Table 1. The ESR parameters of the radical COOCH; ob-
served in C3;HgCINO, at 110 K.

Principal values Direction cosines

a 26,39 0,935 0,131 0,329
22,89 -0,128 0,991 0,046
20,34 -0,331 0,003 0,943

Gay 2321
g 2,0093 0,305 0,605 0,735
2,0057 0,949 0,254 0,184
2,0019 -0,075 0,754 0,652

Tay 2,0056

the spin on the CHZC(_)OCH3 group with the H pro-
tons. The magnitude of these splittings depends on the
dihedral angle o between the plane passing through
the O-C bound and the p orbital which contains the
unpaired electrons. The splitting is given as

oy = Ho+ Hy cos? a, 1

where H , is a constant, and includes the contributions
from the spin density which arises from the conforma-
tion independent mechanisms, in particular the spin
polarisation, and H, includes the hyperconjugative
contributions. In the case of rapid rotation about the
OCH, bond, the average value of ag becomes

ag=H0+%H1. 2)
The constants H, and H, have been experimentally
determined as 3,5 G [8, 9] and 32,1 G [10], respec-
tively. If these values are replaced (1) and (2), ay =
16,05-19,55 Gand a; = 18 - 19 G is obtained in this
study.

The spin densities at the oxygen atoms bonded to
carbon can be evaluated from experimental proton
splittings by using Mc Connell’s equation [10] ay. =
pQ; p =0,664.

Experimental

MGHC single crystals were grown by slow evap-
oration of aqueous ethanol solutions. The crystals
were irradiated at room temperature by %°Co-y ray
source of 0.3 M radh™! for 24 hours. The spectra were
recorded with a Varian E109 C model ESR spectrom-
eter using 2 mW microwave power. The crystals were
rotated on a Lucite pillar about their crystallographic
axes. The experiments were carried out many times
with several single crystals. The g factor was found
by comparing with a DPPH sample (g = 2.0036).
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