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We have observed two radicals in the ESR spectra of ~-irradiated single crystals of acetylcholine
picrate and methoxycarbonylcholine picrate hemihydrate. These radicals have been identified as

the CH;COOH and —CH,CHj respectively.

The ESR technique has frequently been used for
identifying irradiation damage centers in organic and
inorganic substances. The present work has been un-
dertaken on acetylcholine picrate (1) and methoxycar-
bonylcholine picrate hemihydrate (2). Free radicals
produced by gamma irradiation in single crystals of 1
and 2 were investigated between 100 and 350 K with
ESR spectra. 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 ca.

The ESR spectra of v-irradiated single crystals of
1 are shown in Figs. 1(a) and (b). These spectra were
observed when the single crystal rotates in the mag-
netic field. Since the spectra indicated approximately
thel:3:3:1and 1:1:3:3:3:3:1:1 intensity
pattern shown in Figs. 1(a) and (b), we have attributed
them to the CH;COOH radical. The hyperfine split-
ting of the methyl protons is isotropic and the hy-
perfine constant a is 18 G. The g value of this rad-
ical is slightly anisotropic, its average value being
g = 2.0050. The hyperfine interaction of the proton
in the —COOH radical with the unpaired electron is
anisotropic, its average value being agy = 4 G. So,
this value of the hyperfine interaction supports its at-
tribution to CH3;COOH rather then CH;COOH. The
principal values and the directional cosines of the ten-
sor g and the hyperfine constants for the proton with
unpaired electron are given in Table 1.

Since no site splittings were observed, it is con-
cluded that the 8 molecules in the unit cell of acetyl-
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Fig. 1.a) ESR spectrum ofCH_zCOO radical at 300 K and b)
CH:3COOH radical in acetylcholine picrate after irradiation
at 100 K.

choline picrate are magnetically equivalent. This radi-
cal was also observed by other workers in X-irradiated
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Table 1. ESR results for the radical CH;COOH observed
in Acethylcholine picrate. The error for all the calculated g
values is estimated as F0.0005.

Radical Principal Direction cosines
values
A(G)and g

2,=2.0060 0.6999 -0.4989 —0.1909

CH;COOH g, =2.0050 0.1983 -0.0050  0.8992
g =2.0040 —-0.49831 -0.7969  0.08900
gav = 2.0050

A =5.7 0.5991 0.69922 -0.2976
Ay, =38 -0.6983  0.3941 -0.4982
Ar=2.5 -0.1992  0.4989  0.6992
AaAoH = 4

aCH} = 18

Fig. 2. ESR spectrum of the CH,CH, radical in a ~-ir-
radiated single crystal of methoxycarbonylcholine picrate
hemihydrate H ||a.

acetic acid and in other compounds [1-7], acetyl-
choline iodide and acetylcholine bromide [8], acetyl-
choline J-resorcylate [9], and the hyperfine coupling
of the unpaired electron to the CH3 protons was found
to be 15, 17, and 18.5 G respectively. In the present
work this coupling was constant and amounted to
18 G. The hyperfine coupling of freely a tumbling
methyl radical is 23 G [2], and this indicates that in
CH;3COOH radical 78% of the spin density is on the
carbon and 22% is on the oxygens.

The ESR spectrarecorded for 2 have approximately
al:4:6:4:1 intensity pattern, as shown in Fig. 2, at
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Table 2. ESR results for the radical CH,CH, observed in
methoxycarbonylcholine picrate hemihydrate.The error for
all the calculated g values is estimated as F0.0005.

Radical  Principal Direction cosines
values
A(G) and g

84 =2.0033 0.5554 0.0025  0.6451

CH,CH, g, =2.0026 - 0.6384 0.1890  0.5499
g-=2.0024 - 0.1399 - 0.8999 0.1299
aclHJ = 7
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Fig. 3. Variation of the g tensor around the a(o), b(e), and
c(®) axes of gamma irradiated acetylcholine picrate.
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Fig. 4. Variation of the g tensor around the a(void triangles),
b(full triangles), and ¢(A ) axes of the gamma irradiated
methoxycarbonylcholine picrate hemihydrate.

most orientations of the crystal in the magnetic field.
Therefore we propose that the radical is CH,CH, and
that the unpaired electron interacts with the protons of
two methylene groups. The hyperfine interaction of
the two methylene protons is approximately constant
and it has a = 7 G at all orientations of the magnetic
field in the plane perpendicular to the c axis of the
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crystal. This result is similar to those on amine radi-
cals reported by Wood et al. [10]. The g value of the
radical is slightly anisotropic. The principal values of
the tensor g and the directional cosines are given in
Table 2. The angular variations of the g values of the
CH;COOH and CH,CHj, radicals at room tempera-
ture with 5-degree increments of the orientation of the
magnetic field are shown in Figs. 3 and 4. The solid
curves indicate the theoretical fitting of the observed
data points with the coupling constants.

Experimental

The acetylcholine picrate (1) and methoxycar-
bonylcholine picrate hemihydrate (2) single crys-
tals were grown from concentrated aqueous solu-
tions. Single crystals of 1 have the orthorhombic
space group Pbca with @ = 18.799, b = 7.726,
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¢ =22.878 A. The unit cell of the crystal contains
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