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RESUMEN

En este trabajo se muestra que los patrones de EPR de la alanina irradiada con
gammas, posee una estroctura más compleja, cuando a estos se les efectúa
una operación de deconvolución. Los patrones de polvo EPR de la DL-alanina
y L-alanina con y sin aglutinantes son analizados.

Cuando se elimina una distribución Gaussiana de 8.2 gauss de ancho de los
espectros observados, por deconvolución, cada una de las líneas observadas
se resuelven en tripletes asimétricos.

In all recorded spectra, each observed line is resolved into an asymmetrical
triplet when a Gaussian distribution of 8.2 gauss width is removed, by
deconvolution, from the observed spectrum.

On the other hand, from a simple fitting analysis carried out on the original data,
one encounters that some calculated relations between characteristic para-
meters, such as intensity ratios, deviate consistently from assumed height
ratios.

Both, from deconvolution and fitting results, a different structure is suggested
for the observed broadened five-line EPR pattern of y -irradiated powder DL-
and L-alanine.

ABSTRACT

In this study it is shown that the broadened five-line EPR pattern of the gamma
irradiated alanine possibly decomposes into a more complex pattern when the
recorded spectrum is subject to an operation of deconvolution. The EPR powder
spectra of gamma irradiated DL- and L-afanine with and without binders are
analyzed.

In all recorded spectra, each observed line is resolved into an asymmetrical
triplet when a Gaussian distribution of 8.2 gauss width is removed, by
deconvolution, from the observed spectrum.

On the other hand, from a simple fitting analysis carried out on the original data,
one encounters that some calculated relations between characteristic para-
meters, such as intensity ratios, deviate consistently from assumed height
ratios.

Both, from deconvolution and fitting results, a different structure is suggested
for the observed broadened five-line EPR pattern of Y -irradiated powder DL-
and L-alanine.



INTRODUCTION

When analysing absorption spectra it is very common to encounter line-over-
lapping and/or convolved spectra. In such cases, these present an unresolved
pattern making the analysis more difficult than in a clean and a well resolved
spectrum. On the other hand, standard computation routines frequently fails
or they become too lengthy to get a full analysis.

An alternative and a fast method to be used for obtaining a qualitative insight
of broadened spectra is through deconvolution, which allows one to analyze
very closely the structure and line-shape of these broadened spectra (Cabral-
Prieto A. et al, 1991,1992; BlassW. E.and Halsey G. W., 1981). On the other
hand, most EPR experiments are carried out in powder samples, where
broadening effects are very likely. For example, the resonance lines get broaden
due to a random distribution of the crystallographic axes or by dipole-dipole
interactions, where Gaussian or Lorentzian line-shapes broaden the original
absorption function. So,. EPR spectra may get broaden by homogeneous or
inhomogeneous mechanisms in such a way that unresolved patterns are gen-
erally observed.

In this work, a study of the EPR powder structure of gamma irradiated DL- and
L-alanine is presented.

Although the EPR spectrum of gamma irradiated single crystals has been fully
characterized (Miyagawa I. and Gordy W., 1960), its powder EPR pattern has
been scarcely treated, adopting only a loosely five-line pattern. In single crystal
studies is known that when a single crystal of alanine is oriented so that the
external magnetic field of the spectrometer is along the [001] crystallographic
axis, four hydrogen atoms of the alanine radical are magnetically equivalent,
so that the EPR pattern is a quintet having intensity ratios of 1:4:6:4:1. However
such equivalence between hydrogen atoms is broken when the external mag-
netic field of the spectrometer is directed along the [100] crystallographic axis
of this single crystal and now the EPR pattern consists of a double quartet
having intensity ratios 1:1:3:3:3:3:1:1:. On the other hand, a very well resolved
superimposed structure of these patterns is observed at intermediate angles
between the external magnetic field and those crystallographic axes. In contrast
to these single crystal EPR spectra, in the EPR powder patterns one observes
a broadened five line pattern of approximately the former intensity ratios. So,
these broadened spectra can be studied by using a recently reported decon-
volving method (Cabral-Prieto A. et al, 1991, 1992), which can remove
broadening effects from observed spectra. This method is briefly outlined below.



METHOD

If we assume that the model or resonance function is of the Lorentzian type
with FWHM r£ and that it can be removed from a recorded spectrum, one can
write [2,3]:

where£"£p)O) represents the even (p = 2n)orodd (p = 2n + 1) order derivatives
of a smoothed spectrum Es(x), arid E(x) is the recorded spectrum. Expression
{1) converges if the YL < rB> where TB is the FWHM of the broadening function,

Similarly, if one assumes that the broadening function has a Gaussian form of
FWHM rG and that it can be removed from an observed spectrum, then :

(2)

where £'ip)(x),£'s(x)and £"(x) have the same meaning as before. Expression
(2) converges if rG < r r , where rT represents the FWHM of the resonance or
model function.

To evaluate the even or odd order derivatives contained in these expressions,
the general difference formula is used :

E. CO —z .

where Ei^CQ represents the nth order derivative of the smoothed data, ¿is the
ith data point and m the step size between data points to evaluate these
derivatives.

To verify the results of deconvolution, that is, the deconvolved spectra, the
experimental spectra are subject to a successive derivation, using Eq. (3), where
the even order derivatives are utilized to be compared with the deconvolved



data; but before applying any of the above equations, and to remove possible
reading errors on the recorded data, these are antiderived and then smoothed
(Duris Ch. S., 1980). Besides, a complementary fitting analysis is carried out
on the original data, that as will be shown later on, it gives additional information
to this study.

EXPERIMENTAL

Most of the work with alanine has been inspired by its dosimetric applications.
This is largely due to the fact that its response to ionizing radiation is almost
equivalent to that of human tissue. When DL- or L-alanine is irradiated with
ionizing radiation, free radicals are created, which can be easily measured by
using the EPR technique. So, one of the main interests, from the dosimetrical
point of view, is to know the maximum height or area under the curve of the
EPR spectrum, irrespective of the spectrum structure, which can be related to
the absorbed doses.

In the present work, however, attention is paid on the role which the proton
interactions with the unpaired electron, are playing on the structure and line-
shape of the observed spectrum.

Generally speaking, the EPR pattern of Y -irradiated powder DL- and L-alanine
has been observed to consist of five broad resonance lines with intensity ratios
close to 1:4.6:4:1, although a complete understanding of its origen has not
been reached.

It has been shown from EPR measurements of Y -irradiated single crystals at
room temperature (Miyagawa and Gordy, 1960; Morton and Horsfield, 1961)
that when the external magnetic field is parallel to one of the crystallographic
axes, four protons, "a", "b", "c" and "d" of Fig. 1, are magnetically equivalent,
giving rise to a five line pattern of intensity ratios close to 1:4:6:4:1 with an
isotropic coupling of 25 gauss. However, when the external magnetic field is
aligned to the other crystallographic axes, a double four line pattern with
intensity ratios close to 1:1:3:3:3:3:1:1 is observed. In this case, each quartet
of intensity ratios 1:3:3:1 with a nearly isotropic coupling of 25 gauss, has
been associated to a pair of radical sites within the unit cell, where the protons
of the methyl groups, protons "a", "b" and "c" of Fig. 1, become magnetically
equivalent. In addition to this double pattern, a doublet has been measured due
to the a -proton, proton "d" of Fig. 1, with an anisotropic coupling of 20 gauss.
On the other hand, as a result of the highly anisotropic a-proton tensor,
{Miyagawa and Gordy, 1960; Morton and Horsfield, 1961), the first-order
forbidden EPR transitions are partially allowed, introducing additional structure
on the recorded EPR spectrum of the Y -irradiated powder alanine spectra.



As these patterns are orientation-dependent, one should expect an averaged
and symmetrical powder spectrum, although the contributions of the forbidden
transitions as well as the broadening effects may complicate this latter
assessment (Hofer, HolczerandSchmalbein, 1989). Due to these complications,
Hofer et al. have suggested the possibility of having a free radical different from
that shown in Fig. 1. This conclusion has been derived by analyzing their FID
spectra and from symmetry considerations.

Based on these findings, the above deconvolving method has been used to
elucidate some aspects of the EPR structure and broadening effects on the
recorded spectrum of the y -irradiated powder DL- and L-alanine samples in
pure and binded conditions.

All spectra were recorded at room temperature in a Varían E15 spectrometer
operating on the X band region. A field set of 3330 gauss was used with a
scan range of 200 gauss. A microwave power of 20 mW was employed for all
y -irradiated alanine samples.

The v -irradiated powder DL- and L-alanine samples subject to a 8 KGy dose,
are as follows :

a) pure L-alanine,

b) pure DL-alanine,

c) binded DL-alanine with polyethylene and

d) binded DL-alanine with silicone (Flores J. And Galindo S., 1991).

The EPR patterns of these samples consist of the well known quintet, showing
slightly broadening differences among them. Their recorded but antiderived
spectra are shown in Fig. 2.

By applying a simple fitting analysis on the original data, using Gaussian lines
as the absorption function model, one encounters deviations from assumed
values on the height ratios. The results of this analysis are shown in Table 1,
where one clearly observes that the relative errors of the calculated heights to
the theoretical ones deviate consistently from -3.58 to -16.8%, whereas the
FWHMs of the outer lines deviate with respect to the central ones signif icatively,
see Table 1.



When one applies the above mentioned deconvolving method (Cabral-Prieto A.
et al, 1991, 1992); e.g. by using Eq. 2 with a FWHM of the Gaussian line of
8.2 Gauss, the resulting deconvolved spectra are those shown in Fig. 3. The
spectra shown in this figure, present a much more resolved pattern than the
original ones in Fig. 2. In the deconvolved pattern, each observed line is split
out into asymmetrical triplets.

DISCUSSION

It has been shown in the above section that the y -irradiated powder DL- and
L-alanine EPR spectra posses a more complex structure as shown in the
deconvolved spectra, Fig. 3. In Hofer et al. 's work, (Heifer, Holczer and
Schmalbein, 1989), their FID spectra show some similarities to our deconvolved
spectra. They have also found asymmetrical triplets which have not ben
understood completely. From the fitting analysis, see table 1, one observes that
the calculated intensity ratios of lines 1, 2, 4 and 5 are consistently lower than
the expected ones, i.e. 1:4.6.4:1, supposing they arose from four magnetically
equivalent protons only. Indeed, this is not the case. Instead, one should expect,
according with Hofer et al. a symmetrical spectrum arising from the combination
of all those contributions mentioned in the preceding section. But here, the
asymmetry features still remain in the deconvolved spectra apd those shown
in Hofer et al. 's paper. The doublets, appearing after deconvolving the spectrum
do not show a regular splitting. As it has been suggested by Hofer et al., the
simulation of the powder spectrum, by taking into account all the angle-de-
pendent contributions, should give good answers to these asymmetrical fea-
tures.

Finally, it has been shown that the deconvolving method is able to remove
broadening effects from y -irradiated powder DL- and L-alanine EPR spectra.
This produces resolved spectra which can be studied more conviniently.
Additional work will be done to study these broadened and asymmetrical fea-
tures of these spectra more closely.
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Fig. 1 Molecular structure of the alanine radical, (Miyagawa I.
and Gordy W., 1960; Hófer, Holczer and Schmalbein,
1989).

Fig. 2 Experimental spectra of alanine. a) Pure L-alanine, b) Pure
DL-alanine, c) DL:alanine in polyethylene and dj DL-alanine in
silicone.

Fig. 3 Deconvolved spectra of alanine, after removing from
recorded spectra, a Gaussian distribution of FWHM = 8.2
gauss width, a) Pure L-a/anine, b) Pure DL-alanine, c) DL-ala-
nine in polyethylene and d) DL-alanine in silicone.



TABLE 1 . Calculated height ratios and FWHM 's of the five-line EPR powder
pattern of y -irradiated alanine.

Number of line :

Assumed Height
ratios :

Height ratios :

Pure L-alanine

Pure DL-alanine

DL- alanine in
PETHE(**)

DL- alanine in silicone

FWHM's (gauss) :

Pure L-alanine

Pure DL-alanine

DL- alanine in
PETHE(**)

DL- alanine in silicone

1

1

0.924
(-7.60)

0.882
(-11.8)

1.050
(5.10)

0.906
(-9.40)

24.436

27.182

42.508

28.921

2

4

Ca
(%)

3.776
(-5.60)

3.717
(-7.07)

3.402
(-14.5)

3.695
(-7.63)

15.883

15.008

14.171

14.966

3

6

Ic.
(*)
6.000

6.000

6.000

6.000

Clac.

15.54
1

15.04
3

15.89
9

15.06
8

4

4

3.857
(-3.58)

3.777
(-5.58)

3.755
(-6.13)

3.760
(-8.00)

15.485

14.430

14.996

14.862

5

1

0.912
(-8.80)

0.832
(-16.8)

1.072
(7.200)

0.899
(-10.1)

20.596

20.455

26.552

22.065

(*)- The relative errors with respect to assumed height ratios.; (**)-
PETH E-poly ethy lene.


