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Resumen

Se presenta un método de deconvolución para analizar espectros ensanchados. Dos expresiones
de aproximación son utilizadas, con las cuales el usuario puede eliminar, ya sea una Lorentziana o una
Gaussiana, de un espectro observado. Espectros de Moessbauer, EPR y Termoluminiscencia son
analalizados con este método. Se muestra que en cada caso los espectros deconvolucionados pro-
porcionan información analítica para caracterizar mas detalladamente el espectro de una substancia.

Abstract

A deconvolution method to analyze line overlapping broadened spectra is presented. Two
approximation expressions are utilized, from which the user can remove, either a Lorentzian or a
Gaussian line from observed spectra. Spectra of Moessbauer, EPR and Thermoluminescence spec-
troscopies are analyzed. It is shown that in each case, the deconvolved spectrum may provide valuable
data to get a much closer characterization of a substance.



INTRODUCTION

Line overlapping and/or convolved absorption spectra are usually encountered in spectral analysis.
When analysing these spectra with standard computation routines, drawbacks appear or lengthy
computations must be carried out, so people seeks for alternative methods to skip these inconveniences.

One alternative and elegant way to be used to analyze these broadened spectra is through a
deconvolution operation, which allows one to analyze very closely the structure and line-shape of
observed spectra [1].

In this work, a deconvolution method that has been recently reported in the literature [2,3] is
utilized to analyze broadened spectra of Moessbauer, EPR and thermoluminescence spectroscopies.
Therefore, a brief outline of the method is given bellow.

METHOD

_ According to the convolution theorem of Fourier analysis and results of Refs. [2,3], it is possible
to write down two general approximation expressions to remove either a Lorentzian or a Gaussian
function from an observed absorption spectrum.

If one can assume that the ideal or true function is of Lorentzian type with a FWHM r¿ and can
be removed from a recorded spectrum, one can write [2,3]

B(x)- Z ( - l )" (y 2?. "Ei"\x) m

n = 0 ' •

where E\P)(X) represents the even (p = 2n) or odd (p = 2n + 1) order derivatives of a smoothed
spectrum, E s( x ) where E ( x ) is the recorded spectrum, either as the absorption function or its derivative
with respect to the independent variable x. Expression (1) converges if TL<TB, where rs is the FWHM
of the system transfer or broadening function, ¿?(x).

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

7(x)= I
(-1)" (rc/2) (2)

where £ , ( x ) , £ s ( x ) a n d f ( x ) have the same meaning as before. Expression (2) converges if Yc < YT

, where rTrepresents the FWHM of the resonance or true function.

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

f "(0- m
where £","'( ¿) represents the nth order derivative of the smoothed data, t is the it data point and mthe
step size to evaluate these derivatives. As shown latter, this m value is very dependent on the data
distribution.



Finally, the smoothing of the raw data, necessary on this deconvolving method, is done by
employing the algorithm of Ref. [4]. As will be seen bellow, the smoothing procedure may become
as important as the deconvolving operation itself, specially in those cases where the statistics of the
experimental data is very poor.

APPLICATIONS

A.- MOESSBAUER SPECTRA.

The deconvolution method is used to analyze the unresolved Moessbauer spectrum of a ferrite
of manganese, shown in Fig. 1. It can be visualized from Fig. 1 .a a central quadrupole doublet and an
unresolved magnetic component. Before applying the deconvolving operation on these data, these
were subject to the smoothing procedure, as shown in Fig. 1 .b. This Figure shows (continuous line)
more structure than the original data distribution. Although the resolution of the central doublet has
been lost, now a magnetic component is clearly observed. Fig. 1 .c shows the corresponding deconvolved
spectrum when Eq. (2) is used with n = 5, m = 4 and r c = 1.014 mm/s. As can be seen from this
figure the central doublet has been resolved by deconvolution and both the smoothed and deconvolved
spectra show features of superparamagnetism, which may arise from a possible particle size distribution
which is small enough to show paramagnetic properties only, with a mean value of 300 A [5]. However,
it may be assumed also that the presence of the doublet arises from unreacted material. At present
this ferrite it is being investigated by other techniques.

B.- EPR SPECTRA.

The EPR spectrum of the Molybdenum-Phtalocyanine incorporated in fuming sulphuric acid is
deconvolved. The spin Hamiltonian for this molecule has been discussed in Ref. [3], where a nine-line
multiplet is predicted. Fig. 2.a shows the recorded spectrum of this Phtalocyanine. As can be seen
from this figure, crossed line, the pattern of this spectrum is not very well resolved. When Eq. (2) is
used to deconvolve this spectrum, its resolution is clearly improved as shown by the thin line, Fig. 2.b.
In this case a Gaussian function of r c = 4.2 Gauss has been removed from the recorded spectrum
and using the n = 3 and m = 3 values. Notice that the deconvolved spectrum consists mainly of a
nine line pattern, which is resolved unambiguously, i. e. the predicted pattern [3J.

C- THERMOLUMINESCENCE SPECTRA.

A slightly different spectrum is the last example of application. The intrinsic thermoluminescense
signal may be not as symmetrical as in the preceding cases, but random processes may take place at
the moment of the measurement which introduces some symmetry in the recorded spectrum, thus
making possible to use the present deconvolving method [2,3]. Fig. 3.a show the thermoluminescent
spectrum of a dosimeter of LiF:Mg,Ti + PTFE, {PTFE = polytetrafluorethylene), which has been exposed
to a gamma irradiation dose of 650 mrad. The profile shown in this figure changes when this dosimeter
is gamma irradiated but without the support material, i. e. without the PTFE. This is not shown here,
but in both observed spectra broad signals appear. Fig. 3.b shows the extracted spectrum by using
Eq. (2), where a Gaussian of Tc = lS'C, n = 4 andm = 3 have been used. This figure shows a complex
trap distribution. To confirm such complexity of this distribution, a successive derivation of the recorded
spectrum was carried out. This is shown in figures 3.c and 3.d, where the first corresponds to the 4th
order derivative and the second one to the 8th order derivative, respectively. As shown in Fig. 3.b
each observed peak is the result of the superposition of at least three peaks. This result may help in
getting a much closer picture of the trap distribution and the solid state behaviour in dosimetry work
[6].
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FIGURE CAPTIONS

FIG. 1. Moessbauer spectrum of a ferrite of Manganese. Deconvolving parameters: n = 5, m = 4 and
r c = 1.014 mm/s.

FIG. 2. EPR Spectrum of the Molybdenum-Phtalocyanine. Deconvolving parameters: n = 3, m - 3,
rc = 4.2 Gauss.

FIG. 3.Thermoluminescent spectrum of LiF:Mg,Ti + PTFE. Deconvolving parameters: n = 4, m = 3
a n d r c = 18°.
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