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The electron spin resonance of γ-irradiated single crystals of acetyl-
choline β-resorcylate has been observed and analyzed for diflerent orienta -

tions of the crystals in a magnetic field. C14 H21 NO6 acetylcholine β-resorcyl-
ate single crystals and powders have been investigated between 120 and
360 K. The spectra were found to be isotropic down to 120 K. The isotropic
value of g-factor and the hyperfine splitting constant of protons were found
to be 2.0030 and 1.85 mT, respectively. The measurements indicate that 80%
of unpaired electron is locahized on the carbon and 20% is on the oxygens.
The results are consistent with the literature data of the CH3COO— radical.
PACS numbers: 33.10.+ρ, 35.20.Sd

1. Introduction

The biological importance of acetylcholine has prompted many spectroscopic
studies of the conformations of acetylcholine itself and of many analogues. It
was the first compound shown to function as a natural neurotransmitter [1-3].
Much work has previously been done on the electron spin resonance (ESR) spec-
tum, at ambient temperature, of γ-irradiated choline chloride whereby a pre-
dominantly 5-line spectum was attributed to an ethanol radical, CH2CH2OH;
and that assignment was confirmed by the ESR spectra of specifically deuter-
ated choline chlorides [4]. Later the ESR spectra of choline chloride were at-
tributed to (CH3 )3N+... CH2C^2OH biradical [5] through the more specific in-
formation obtained from the ESR study of radiation damage to single crystals
and powders of choline iodide, choline sulfate, [(CH3)3NCΗ2CH2Cl]+Cl — ,
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[(CH3)3NCH2CH2CΗ2OΗ]+Cl — and [(C2H5)3ΝCH2CH2OH]+Cl — . The spectra of
these five compounds are completely different from those of the radiation-sensitive
chloride and bromide [6]. In the last years single crystals of about 8 acetylcholine
itself and analogues have been irradiated with high-energy radiation and the re-
sulting radicals were studied using the technique of ESR. It does not seem that
there is any definite pattern in the bond breakage in these irradiated molecules.
The present work studies, using 60 Co γ-rays, the influence of radiations on bond
breaking in the substance acetylcholine β-resοrcylate whose chemical formula is

2. Experimental

The acetylcholine β-resorcylate single crystals were grown in the labora-
tory from an aqueous solution. The acetylcholine β-resorcylate crystals belong to
the monoclinic Ρ21/c space group and the unit cell dimensions are αn = 14.562,
b = 14.109 and c = 15.096 Α with β = 106.90° [7]. The unit cell contains eight
molecules. The single crystals and powders were irradiated at room temperature
by 60 Co γ-ray source 30 MGy h-1 for 24 h. The ESR spectra were recorded with a
Varian Model E-109 C ESR spectrometer using 2 mW microwave power. The low
and high temperature, 120 and 360 K, were obtained using a Varian temperature
control unit. The crystals were rotated on a Lucite pillar about the three axes and
the angle of rotation was read on a scale graduated in degrees. The g-factor was
found by comparison with a DPPH sample (g = 2.0036).

3. Results and discussion

The spectra were taken at 5-deg intervals for the applied magnetic field
H being in each of the three crystallographic planes αb, bc and ca. The number
and relative intensities of the hyperfine structure peaks observed in acetylcholine
β-resorcylate suggest that these peaks result from the interaction of the unpaired
electron with the protons and the spectum consisted of four peaks of intensity
ratio 1: 3 : 3: 1 with 1.85 mT spacing (Fig. 1) at all orientations of the magnetic
field during the rotation of the crystal about its crystallographic axes and the
powder spectum is the same as in Fig. 2. These experimental data indicate that
the unpaired electron spin interacts with a methyl group and therefore the spectra
are attributed to CH3COO — radicals. Since no site splittings were observed it is
concluded that the 8 molecules in the unit cell are magnetically equivalent. This
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radical was observed in X-irradiated acetic acid [8]. Several radicals are known in
which the presence of a methyl group dominates the appearance of the spectrum,
contributing three β-protons to the hyperfine pattern. Rotation about Cα Η3 —Cβ
bond renders the three protons equivalent at room temperature, and the methyl
group contributes a quartet of intensity ratio 1 :3 :3: 1.  The wide range of values
of the interaction with β-protons has been interpreted in terms of the variation in
angle (θ) between the Cβ—Ηβ bond, the p-orbital direction projected perpendicu-
larly to Cα  Cβ bond, and the p orbital which contains the unpaired electron. The
β-proton coupling is given by [9,.10]:

where Β0 is a constant and include8 the contributions from spin density which
arise from conformation independent mechanism, in particular spin polarization,
and B1 includes the hyperconjugative contributions.
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In the case of rapid rotation about the Cα -Cβ bond the average value of Αβ
becomes

In this equation B0 = 0  0.35 mT [9-11] and B 1 = 3.21 mT [12]. If we
replace these values in Eq. (2), we obtain α = 1.60  1.96 mT and the value
1.85 mT obtained in this study is within this range. If pc is the fraction (%) of
unpaired electron density on the carbon, αβH will be linearly proportional to it,
and this is equivalent to Mc Connell's equation αβH = Qpc [16]. The hyperfine
coupling of freely tumbling (Q) methyl radical is 2.3 mT [15]. It indicates that in
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CH3COO— radical 80% of the spin density is on the carbon and 20% is on the
oxygens.

This value is also in agreement with the β-proton coupling for (CH3-CH2)3C
(1.73 mT), (CH3)2CCH2CH3 (1.76 mT) and )C—CH3 (1.76 mT) radicals [13, 14].
The isotropic value of the g-factor is found to be 2.0030. The variation of g(θ) is
given in Fig. 3 and the principal values with their cosines are given in Table.
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