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ABSTRACT 
It is shown by the Fourier analysis of broad Mosebauer spectra that 

the even part of the distribution of the dominant hyperfine interaction 
/hyperfine field or quadrupole splitting/ can be obtained directly with
out using least-square fitting procedures. Also the odd part of this 
distribution correlated with other hyperfine parameters /e.g. isomer 
shift/ can be directly determined. Examples covering the case of amor
phous magnetic and paramagnetic iron-based alloys are presented. 

АННОТАЦИЯ 

Анализом Фурье широких спектров Мессбауэра показано, что четную часть 
распределения доминирующих сверхтонких взаимодействий /расцепление сверхтон
кого поля или квадрупольное расцепление/ можно получить непосредственно, без 
подгонки методом наименьших квадратов. Нечетную часть этого же распределения 
при коррелировании с другими сверхтонкими параметрами /например, с изомерным 
сдвигом/ также можно определить непосредственно. Приведены примеры для слу
чаев аморфных магнитных и парамагнитных сплавов на основе железа. 

KIVONAT 
Megmutatjuk a »zéles Mösebauer spektrumok Fourier analízisével, hogy 

a domináns hiperfinom kölcsönhatás /hiperfinom tér vagy kvadrupol felha
sadás/ eloszlásának páros részét direkt módon meg lehet kapni, legkisebb 
négyzetes fittelési eljárás nélkül. Ennek az eloszlásnak a páratlan része 
más hiperfinom paraméterekkel korrelálva /pl. izomer eltolódás/ szintén 
direkt módon meghatározható. Amorf mágneses és paramágneses vas-alapu 
ötvözetek példáit mutatjuk be. 
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1. latrodaction 

Dlaordered ayeteme oftan exhibit broad Moaebauer apectra do* to 
tha fluctuation in tba at rangtb of the hyperfine Interactions fron 
alte to alte. Theee apectra can be described by tba diatributiona of 
the hyparfine paraaatera (hyperfine field H, quadrupel« splitting AE 
and isomer shift 18). Tha evaluation of the ее distributions fron the 
meaaured spectrun ia a difficult taak and many different approachea 
hare bean proponed. 

The aoat widely uaed methoda assume that one type of byperfine 
interaction ia dominant (e.g. hyperfine field) and the diatribution 
function ia expanded in terma of trigonometric functions [l] or step-
functions [2]. The coefficients of this series are deterained from a 
leaat-aquare fitting procedure of the spectrum. Improvements and dif
ficulties of these methods are discussed in Hefa, [з] and [4]. 

Tha гn—mi feature and baaic problem of all publiabed evaluation 
methoda laya in tba uae of a leaat-aquare fitting procedure to determine 
the paramétere characteriatlc of the diatribution. Th* number of para
meters necessary to obtain a reliable fit of the apectra ia a sensi
tive function of the chosen approach. It ia difficult to find the op
timum solution with the possible snalleat number of paramétere. This 
can be illustrated with the example of amorphous ferromagnetic alloys 
where generally about 0-12 paramétere (cosine components) are neces
sary to determine tba shape of the hyperfine field diatribution with 
Window'a method [lj. The same accuracy (i.e. y 2 _ v* l u*) can be reached 
by ualng only 3-5 parameters whan the binomial distribution method 
(BO) [5] ia used. 

In the following tba application of Fourier analysis to the eva
luation of these distributions will be discussed. It will be shown thet 
the even part of the distribution of the dominant hyperfine interaction 
and the odd part of this distribution correlated with other hyperfine 
interactions can be directly determined in the case of broad distribu
tions - without tba use of least-square fitting procedures. The results 
on amorphous iron-based alloys obtained via this method will be compa
red with those of the BD method on the same systems. Fourier transfor
mation has been used earlier for the removal of sample thickness effects 
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in the Nosabauer spectra [в] end to lncreaee the resolution of the Moes-
bauer spectra [7]. 

2. Basic equation* 

we will assume for the aake of simplicity (but without looalng ge
nerality) that the diatribution of hyperfine paramétere are given by 
p(h,8>, where h atanda for hyperfine field or quadrupole eplitting (ac
cording to the actual specification) and S ia the lcoaer ahift (or a 
combination of laouer ahift and quadrupole splitting, according to the 
epecification). p(h,S) la noramllaed, i.e. 

//p(h.8) dhdS = 1, (1) 

where the integrale are taken between -» and +•» (a< alwaya through this 
work when no other boundaries are given). 

The Hoasbauer spectrun with this probability distribution after the 
subatraction of the background is given aa 

8(v) = //p(h,8) L(h,8,v) dhdS, (2) 

where v is the relative velocity between aource and abaorber, anc 

L(h,8,v) « Ц- r-jr + Ц- r-j . (3) 

x + < v " 0 * > J + <T * l * > 
Here G is the half-linewldth of the Individual Lorentzlan components and 
it will be asauned that all elementary components have the same width, 
i.e. G is not distributed (that is no sample thickness effects will be 
considered). The Mdasbsuer spectrum given in Bq. (3) corresponds to the 
elementary spectrum of paramagnetic 5 7Pe (3/2-1/2 transition) where h -
ASQ/2 • Q and 8 = IS or it represents one doublet of the six-line pat-

57 
tern of a magnetically split Fe elementary spectrum when h is propor
tional to the hyperfine field H (via the proper g-factor combination) 
and 8 is a combination of quadrupole and Isomer shifts. Eq. (3) should 
be replaced with the proper expression when the method ia used for other 
nuclear transitions. 

The Fourier transformed 8(v) is defined as 
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ikv • (к ) = / s (v> • * dv, (4) 

which reduces in to 

- i k S , , . „ w „ -Gl к I s ( k ) = ( / / p ( h , S ) 2 c o s ( k h ) e " .n . . lS ) (nGe Ü I K I ) ( 5 ) 

The definition of s(k> deconvoluted fro* the Lorentzlan contribution is 

• о с ( к > = " < k > * G / 2 l , G <6> 

After the Fourier transformation of s (k) we have removed the Lorentzian 
IM* 

broadening of the Hössbauer lines and obtain the deconvoluted spectrum, 

s i c , v ) = Í 4c < k ) e_ikV d k (7' 
Using Sq. (5) and (в) we may write 

S D C ( v ) = 2^"' /ÍPt ,«,S)|/.-c.:t(kl.b-" a S.-" l k v.«k|.n 1JS = 

„.even, . „.odd, . ... 
= 8DC < V > - SDC < V ) - < 8 ) 

After replacing the cosine and sine products with the proper cosine 
sums and using that j /coskx dk = 4 x ) , the Dlrac л-function, we obtain 
for the symmetric pert of 8' (v): 

IM* 

8 D C ( V ) = S D C V e n < V ) = / / ° < n ' S ) J [ <4h + S + v) + <S(h - 8 • v) • 

• <4-h * 8 * v) -f Л(-п - S • v) ] dhdS, (9) 

while the asymmetric part of the 8' <v) is given by 
DC 

Sjj!d<v) = S^° d d(v) - -f/p(h,8) \ [ Л(п • S - v) - M h - S - v) • 

• M h - 8 • v) - A(h • 8 • v) j dhdS. (10) 

Eq. (9) and (10) are our baaic equations which contain all information 
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of our apectrua after the deconvolutloa of tbe Loreatslan broadening. 
It la clear that In principle tbe two-paraaeter distribution, p(b,S) 
cannot b* deteralned becauae only Integrated p(h,8) valuea at special 
paraaater coablnationa are available. Only additional, artificial as-
suaptlons like Halted ranee for tbe paraaeters used in Kef. в any al
low tbe non-unique deteraination of p(h,8). 

8.1. special cases (8 « h) 

ÍJ aost cases it can be assuaed that one type of byperflne inter-
57 action ia doainant. In tbe case of Fe these are the magnetic 

f.yperfine interaction and quadrupole interaction for aagnetic and pa-
raaafnetic spectra, respectively. In tbe following analysis tbe в << h 
assuaptlon will be uaed. Tbe corresponding approximations of Eq. (9) 
and (10) are 

S D C < T ) = / 5 1 P ( h = *'8) + e ( h = "v'8) 1 d S ' 

- / p e W , ' h < h - v,8) d8, (11) 

and 

C"> - - / \ [ T* *'" - T"""" i "• 
и " ' lb < h = v , 8 ) 8 d 8 , ( 1 2 ) 

2.1.1. h and 8 are independent 

If there is no correlation between the hyperfine paraaetera, their 
distribution function can be factorised as 

P(h,S) * p. (h) p (8), where h s 

/ ph(h) dh - 1 and / pg(8) dS = 1. (13) 

In this case 
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e J J V ) » -8 -jj* , where 8 - / epg(S) «8. СИ) 

la all present applications 8 = 0 will be assumed by the proper choice 
of the velocity - aero (which can be obtained without fitting vis the 
weighted average of the spectrum). Thus the hyperfine parameters are 

odd correlated when 8 (v) f 0. 

2.1.2. h and 8 are correlated 

In this esse there is s functional connection between the two pa
rameters of the distribution, i.e. 8 = 8(h). If the distribution of b 
Is given by p(h), where /p(h) dh = 1 then the distribution of 8 is given by 

*8<8> - З Й ^ ' <"> 
s ü < 8 < 8» 

where h » 8 (8) mean« the inverse function of 8. The appropriate versions 
of Iq. (11) and (12) are the following: 

e D C < V > " •"**"<• = v )» • n d 

C < * > - - & <»<"> •> < и М«'» i » . . • 
odd 

= - [ 2£<h = v) p ^ i h = v) • 8(h = v) * (h = v) ] 
(18) 

If for h > 0 the symmetric and asymmetric pert of p(h) are Identical (i.e. 
P(- |h|) ~ 0) and the correlation between S and h la linear, Iq. (18) of
fers an immediate direct determination of dS/dh: it Is related to the va-

odd lue of 8 (v) at the v -value where p(h) has Its nsxinum, I.e. 

dS odd 
d h = - 8 D C ( V / 8 0 C ( V - < 1 9 ) 

2.2. Illustration 
In the following simulation we will assume that p(h,S) Is a one-para

meter distribution having Gaussian shape, I.e. 
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и - н 
p(h.S) = p(h = H. S : О) = p(H) = е о , (20) 

«here Н = 70, о = 10. The half-linewldth of the Lorentxiaa components 
la Eq. (3) «as chosen to be G = 4. The Fourier transformed specttiia 
calculated on the base of Eq. (2) is given by 

a(k) ̂  e" i k ° e * G , k | coska^. (21) 

If the line«idth used for the deconvolution of s(k) is given by G , 
«here AG = G „ - G > 0, the deconvoluted spectrum is given by 

S D C < V ) ° e ° [ e " c o e ( v - V 2̂ * 
о 

V + H0 2 
* e " cos(v • H 0) -| ], (22) 

n 

if AG/o << 1. 
The successive steps of the evaluation are shown in Fig. 1. (Here and 

through the «hole numerical «ork the integrale are replaced by the corres
ponding sums). The starting p(H) is regained froa the S(v) spectrum of Fig. 
lb in Fig. le aa a result of the above decomposition process (C = G, i.e. 
AG = 0 «aa uaed). 

2.3. Malt at ions 

The fundaaental step in deducing the basic equations (9) and (10) «as 
that the /cos(kx)dk 'type of integrals «ere replaced by the proper Л(х) del
ta-functions. This is valid if the boundaries are "" or if »j^CO 1* iden
tically zero on lialteo boundaries. If «e apply a finite cut-off at а к 
value, the above-mentioned integrals had to be replaced with ain(k *)/*,„ 
of expressions. This finite cut-off «ill result in a cut-off oscillation 
in 8„(v) the amplitude of «hlch is de terelned by the value of sn_(k ) Wv DC aax 
and decreasing like 1/v for large v-values. The period of the oscillations 
is given by 2тт/к . Also the finite cut-off «ill result in a broadening 
of the distribution functions in 8* (v) if « ^ Ш is not saall enough above 
к because of the neglectlon ot the high frequency components. 
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la tb» given llluatratioa of Pig. 1 the eee of ̂  «0.4 
aulted la tbla typo of cat-off oaclllatioa with aa aaplltua» of Э.10* 
wblcb caaaot bo uhaanad oa taw flgara aad wttbla tbia «rrcr tba orl-
giaal p(l) aad tb» docoavolutod »^(v) were ldaatical. 

Tbo aoat aarlov« liattatioa of tbia aotbod origiaatee froa the 
atatiatlcal floctaatioa of tba apoctra. Tba decoavoletioa procoaa will 
roault la a traaaaáoaa aapliflcatloa of tbia aolao bacaaao of tba aal-
tlplicatioa witb a G' k'. Thus tb» poaaibl« aaxiaaa) cut-off value ia de-
torBiaod aloa» by tb» aoiao-to-aigaal ratio. W of tb» apoctra. Tbia 
к value oa tb» otbor baad will limit tb» alulae» wldtb of tba die-
trlbutioa, о . wblcb caa b» evaluated wit bout deforaiag tb» diatribu-aia ^ 
tioa. Tbo coaditioa of uadiatortod raproductioa of tao diatributloa ia 
that lta Fourier transformed fuactioa ia aaall at tbo cut-off freqaea-
cy, i.e. aaeuaiag Gaueelaa »bap» for tb» diatributioa: 

-fk о . 
• " " - 1" < W. (23) 

A aatural choice of к ia о % W, which givee tb» coaditloa: 

0 I la«' 1.W < 2 4 > 

Typical value» of о , /0 froa Iq. (24) ar» 0.52, 0.66 aad 0.54 for W • aiD 
0.05, 0.01 and 0.001, respectively. That ia tba practical H a l t for tba 
width of the narrowest diatributioa wblcb caa be evaluated with thia ae-
tbod ia about a . > G/2. •ia ^ 

Tba baforo-dlacuaa»d difficulties ar» illustrated with the caa« of 
crystal1In» Zr-Ге la Fig. 2. The Mossbauar aptctriOi consists of a well-
resolved quadrupel« doublet [o], that ia th« diatributioa of quadrupel» 
splitting is a delta-fuactioa. It« width is «его. According to this, the 
deconvolved Pouri«r traaeforawd spectrua, « „ g O O la a cosine-fuactioa 
without dawplag (Pig. 2c). If the cut-off takes place at too aaall к 
value strong cut-off oscillation with decreasing anplltude results (Fig. 
2d). Also the distribution function is considerably broadened - 1» tb» 
exaapl« of Fig. 2d its width 1» larger than that of the spectrua. Tor 
increasing к щ а я values the evaluated width of the distribution ia de
creasing like 1/k and th» effect of cut-off oscillations is suppressed 
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by the amplified effect of the noise. In Fig. 2f the width of the dis
tribution la 0.04 aa/a (̂  G/4) but about half of the curve ie noise. 

It ia worth to eaphaaise that there ia aa laaer coatrol possibi
lity in this Fourier deconvolution nethod: when it is incorrectly used 
for the evaluation of too narrow diatributioa (ia the sense of the in
equality (24)) the evaluated distribution (or a certain part of it) will 
chance as a function of the chosen к 

• aax 
In the following point a natural selection of the best к value 

and typical applications will be presented. 
Э. Applications 

This asthod can be applied for aoat aaorphoua and a large auaber 
57 

of disordered crystalline «yeteas containing iron. In the case of Fe 
the dominant hyperfiae interaction paraaeter ia the hyperfiae field or 
quadrupole splitting for magnetic or paramagnetic spectra, respective
ly. The isomer shift is often only a minor perturbation. 

The reaulta of the present Fourier deconvolution aethod will be com
pared to those obtained by the binomial distribution method |б|. The M> 
method wss chosen for this comparison because the correlation between 
the byperfine pnrametera is easily Included. The p(h) distribution of 
the dominant byperflne interaction h la approximated by a binomial dis
tribution 

p(x,n) » (*) xn(l - x)*" n, n - 0, 1 a (25) 
D 

with 

and 

h(n) = h Q + nAh, (26) 

p(h(n)) = p(x,n)/Ah. (27) 

The parameter z la arbitrary (usually z * 20 was chosen). A least-square 
fitting procedure deteralnea the value of the abape paraaeter x, the sam
pling Interval Ah and h_. Linear correlation with the other paraaeter 8 li 
Included via the relation 
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aad the dietrlbetioa of * la glvea by p(S(a)> « p(a.a) /o«. Tke valaea of 
8 . aad AS are egela deteralaed by the leeet-oeeere f l t t l a « procedure aad 
_Q 
— la glvea by 7^- here complicated epectra сев be deecrlbed with the 
db ah 

coBblaatloa of Borebtaoaial dletrlbetloae [*] • 

alloy« el 11 be aaalyeed la the followlag eectioae. 

3.1. Forrnajagaotic caeea 
The too laveatlgated caeee ere characteriatic of tbe "aarroe" 

(Fe^COj^^Slj,,) aad "broad" <»» в в^ 1 0
в
1 2»* 1 0) «УМ <»* byperflae field dla-

tribatioBo. Thee» epectra are ahooa la Pig. 3 aad a oat of the reealta of 
the BD aaalyela «ere aebliehed eleeebere [10]. The Pearler decoavolutloa 
«111 be perforaed oa the 2 aad 5 Ilea* of theae epectra ehlch eere obtalaed 
by uelag tb» op- -tree aebetractloa aetbod [»]: a liaear coablaatloe of tee 
epectra with : .'fereat relative lateaaitlea of the liaea « aad 5 eaa tehee 
la each a «ay that the 1.« aad 3,4 lleee eere removed by adjuetlag the 
outer - free of overlap - part of the iateaeity of llaee 1 ead • . The too 
apectra were recorded la the aaaal geometry, la a eaall exteraal field 
(% 300 Oe) parallel to the ribboa plea* aad vitboat exteraal field la 
which caae the atreae beteeea the aaorphoaa ribboa aad the adbeaive tape 
turaa aoat of the aagaetic aoaeata oat of the ribboa plaae [ll] eapareaeiae; 
the iBteaeltiea of the aecoed aad fifth liaea. Ualag the p(M> obtaiaed 
froa theae separated 2 aad 5 llaea by the •> act hod aad alao by Viadow'a 
aethod [lj tbe orlglaal epectra could be fitted with oae free paraaeter: 
tbe (avorag*) relative lateaaity of llaea 2 aad 5, tbao Juetlfylag the pro
cedure. The advaatage of thia apectraa aubatractioa aetbod ia that the 
ayateaatical error* coaaected with tbt a priori иавееев relative lateaalty 
of Иве* 2 aad 5 ar* ruled out [l2,13J aad aifBificaatly slapllfUs the 
lBt*rpr*tatioa of the result* of tb* Pourler decoavolutloa. Aleo difficul
ties cauaed by tbe too seell broadealag of tb* llaea 3 aad 4 ÍB the caae 
of aarrow p(H) are avoided tbia way. (весей** of the uufavorable a-fee tore 
the о width of p(M) la acaled to 0.15* о for thee* llaea). 

For tb* aacoad aad fifth line* of the eix-llae pattéra the Пае poel-
tiona are given by to. (3) if 
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h = 0.578 H and 8 = IS - ̂  ДЕ (29) 

where the proper g-factor combination la uaed and It la aeanmed that 
ÄB « H. 

3.1.1. A ior Ehoua_Fe 4 } 8Co 1 0B 1^l 1 0 

Fig. 4a show* the aeparated aecond and fifth lines of the spectrum 
of Fig. 3a. The deconvoluted Fourier transformed spectrum «j^dO o* Fig. 
4c clearly ahowa that before the strong amplification of the noise there 
is an interval where s__(k) i 0. (For the deconvolution the llnewldth of 

л. 
the Fe calibration (G = 0.15 ma/a) waa uaed). The back-tranaformationa 
from this interval differ only in the amplitude and frequency of the os
cillations determined by the к value, but the ahape of the peak in 
8 (v) ia not influenced (Figa. 4d to f). The hyperflne field diatribu-
tion p(H) la obtained from S^iv) by reacallng and normalizing the curve. For the к values of Figa. 4d to f theae p(H) curves are shown In Fig. max 
Га and they are identical apart from differences of the order of their 
noise. Also the comparison of the p(H) evaluated by the Fourier decon
volution with that obtained from the fit to the spectrum by the BD method 
shows that they are identical within the error of the evaluations (Fig. 
6a). This comparison convincingly proves the reliability of the parame-
terless Fourier deconvolution process. 

There is a simple criterion for the selection of the optimum к 
value In terms of the goodneee parameter, g which is defined as 

g * (A - A )/(A + A ), where A and A are the areas with the (30) 

corresponding sign under 8__(v). Since the distribution functions are 
positive definite by definition the deviation between A and Its absolute 
value i e characteristic of the cut-off and noise oscillations, g = 0 at 
к = 0 and It would Increase asymptotically to 1 if the noise would be 
absent. The amplification of noise at lnrge к values on the other hand 
will result in g = 0. Thus g has a maximum as a function of к where 
Is the optimum value of к . Flg. 7 shows that in the present case there 
is a broad naxlmum in g around к =9.42 s/mm where the g-values are 
above 0.9. This is a typical value for proper deconvolutlons. On the 
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other hand, in the former case of crystalline Zr,Fe the g-values are 
around 0.5 - clearly indicating the Improper quality of this decon-
volution. 

Fig. 5b shows the obtained p(H) distributions when different G 
llnewidths were used in the deconvolution. All curves were obtained 
with the same к =8.08 s/mm to have the oscillations in Identical max 
positions. As it is expected on the base of Eq. (22) a definite nar
rowing of p(H) is observed for increasing G . Also the amplitude of 
the noise has increased. However, even with two tlmee larger G^, (0.30 
mm/s) than the linewidth ot the calibration, no structure (new peaks) 
appears in p(H). This is contrary to the results obtained by the method 
of Window [l] where decomposition with large linewidths results in the 
appearance of new peaks in p(H) [3,4,14] which we had to attribute to 
the artifact of the least-square fitting procedure. Also Fig. 5b and 
Eq. (22) show that small deviation of G from G results only In small 
distortion of the deconvoluted p(H). 

3.1.2. Amorphous F e e e y i o g 1 2 S l 1 0 

Fig. 8a shows the separated second and fifth lines of the spectrum 
of Fig. 3b. The hyperfine field distribution is more broad here than in 
the former case. According to this s n_(k) is nearing to zero more quick
ly (Fig. 8c). The p(H) distributions calculated for different к va-

max 
lues are again identical within their noise (Fig. 8f). The comparison 
with the p(H) obtained by the BD method shows that they are identical 
within the error of evaluation (Fig. 9a). 

3.2. Paramagnetic cases 

Two room temperature spectra of amorphous alloys will be Investi
gated. It is typical for these cases that the isomer shift perturbation 
Is much smaller than the quadrupole splitting, i.e. 

h = — 3 = Q and S = IS. (31) 

The line positions are given by Eq. (3). 
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3.2.1. Amorphous Zr.Fe 

Pig. 10 shows the room temperature Mössbauer spectrum of melt-quen
ched amorphous Zr Fe together with the deconvolution process. The values 
of g are shown in Fig. 7. again there is а к -interval where tr g-
valuea are above 0.9. The form of S (v) is identical for different к 

DC max 
values within the error of the determination (Fig. lOd and e). The qua-
drupole splitting distributions p(Q) obtained after normalization are 
in general in good agreement with that obtained by the BD method from 
the fitting of the spectrum (Fig. 11). 

3.2.2. Amorphous F e z r 

Fig. 12 shows the room temperature Mössbauer spectrum of melt-quen
ched amorphous F e

o n
Z r

l n together with the deconvolution process. The 
p(Q) obtained from S (v) after normalization is in general in good 

DC 
agreement with those obtained by the BD method from the fitting of the 
spectrum (Fig. 13). 

3.3. Correlation between the hyperfine parameters 

In the previous applications only the even part of the Fourier trans
formed spectra was taken into account. Since the velocity-zero was chosen 
In such a way that S = 0, the odd part of the Fourier transformed spectra 
should be identically zero if the hyperfine parameters are uncorrelated. 
However the parameters are correlated as it is obvious from the asymmetric 
shape of the spectra. According to Eq. (18) the odd part of the «leconvo-

odd luted spectrum S (v) gives limited information on this correlation and on 
the asymmetric part of the dominant distribution. In the following this 
Information will be explored for the investigated cases. 

3.3.1. Amorphous Fe 0 8Co 1 ( )B 1 28i 1 ( ) and F e 6 g y i ( ) B 1 2 S l 1 0 

The odd paiс of the Fourier deconvoluted second and fifth lines of 
the Mössbauer spectrum of amorphous Fe_eCo,rtB, 0 S i , n is shown in Fig. 14c. 

Об 10 12 10 
Similar result was obtained in the case of amorphous F e

e g v i 0
B i 2

S 1 i o ' ** 
is clear from Fig. 14c that the correlation between the hyperflne field 
and the S • IS - — AE combination of Isomer shift and quadrupole spllt-
ting Is rather weak. Since In both cases the hyperfine field distribution 
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does not extend to H = 0 values, it is probably a good approximation to 
even odd assume that p (H) = p (H). Then, If the correlation is linear between 

S and H, dS/dH can be obtained directly from the deconvoluted spectrum. 
According to Eq. (19) and Eq. (29): 

f • - ° - 5 7 8 S Í d ( V m > / S D C ( V . ) ( 3 2 ) 

at the v value where S (v) (i.e. p(h)) has its maximum. dS/dH = 0.031 
M DC* 

and 0.042 was obtained for amorphous F e
e e

C o i 0
B i 2

S i 1 0 a n d F e68 V10 B12 S i10' 
respectively. 

These values agree well with those deduced from the fits of the 
spectra with the BD method, which are dS/dH = AS/AH = 0.023(7) andO.027(6), 
respectively. It is worth to emphasize that these values differ both 
in magnitude and sign from the d(IS)/dH-values obtained in similar crys
talline intermetallic compounds [is]. In those systems (like Fe.B, Fe.B, 
FeB) it has been found that the absolute value of the hyperfine field 
has decreased with increasing Isomer shift with a value of d(IS)/dH - -0.038. 
Since there is no evidence which would suggest that isomer shift and hy
perfine field would be correlated differently in amorphous than in similar 
crystalline systems we had to conclude that the quadrupole splitting is 
also correlated with the hyperfine field. This conclusion is supported 
by the shape of the lines in the Mössbauer spectrum of amorphous Fe.gCo- B^-Sl.. 
in Fig. 3a: the width of lines 1 and 6 is about the same while the lines 
2 and 5 are quite asymmetric. (For the lines 1 and 6 S = IS + - ЛЕ) . SI-
mllar result was obtained in amorphous Fe.-B [5]. 

The combination of the value of dS/dH = d(IS - -R AEn)/dH = 0.031 
1 Q 

with the crystalline d(IS)/dH = -0.038 results in Л(~ ЛЕ )/dH % -0.07 for 
this correlation. In crystalline orthorhombic (Fe.Ni) В compounds a value 
of d(- ДЕ )/dH = -0.08(1) can be deduced [le]. The good agreement should 
be considered fortuitous because these values are quite sensitive for the 
actual topological arrangement of the atoms. The origin of the correlation 
between the hyperfine field and quadrupole splitting is the dipole contri
bution of the hyperfine field [l7]. 

This result is quite contrary to the common view that in metallic 
glasses the quadrupole interaction is averaged out due to the randomness of 
the magnetization directions with respect to the electric field gradients. 
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3.3.2. Amorphous Zr 3Fe and Fe Zr 

The odd parts of the Fourier deconvoiuted Mössbauer spectra of 
amorphous Zr_Fe and F e

o f t
Z r

l n * r e shown in Figs. 15c and 16c, respec
tively. The correlation between isomer shift and quadrupole splitting 
is quite strong in both cases. Assuming linear correlation we can de
termine d(IS)/dQ by using Eq. (19), if p e V e n ( Q ) = p° d d(Q). The values 
are -0.211 and +0.142 for amorphous Zr Fe and F e

a o
Z r

1 n . respectively. 
The fits of the spectra with the BD method has provided -0.213(12) 
and +0.137(8) , respectively. Again the agreement between the two inde
pendent determinations is quite good. The different sign and magnitude 
ot d(IS)/dQ in these systems suggest different electrostructure and 
possibly different atomic structure. 

odd S (v) was calculated within the present approximation by using 
the deduced values of dS/dQ and S (v) with Eq. (18). The results are 
the dotted curves in the inserts of Figs. 11a and 13a. The overall 
agreement with the result of the Fourier deconvolutlon Is satisfactory, 
however, the calculated curves are not asymmetric. The deviation is 
larger for Feg_Zr than for Zr.Fe. This difference may be caused by 
the roughness of the linear correlation approximation at small Q va
lues. However, it is more probably that the dominant reason is that 
even odd 

Р (Q) X Р (Q), i.e. the quadrupole distribution extends for ne
gative values. The larger deviation for F e

ö 0
Z r

l n
 c a n be correlated then 

with the larger p(Q = 0) value which indicates more contribution ir.. the 
negative Q-range. In this case the full p(Q) distribution (for positiv; 
and negative Q-values) can be determined Independently by using large ex
ternal magnetic fields. However, the full p(Q) can be determined also 
from the Fourier deconvolutlon if the form of the S(Q) correlation is 
known. The Information about — [ S(Q) p (Q) ] in S (v) can be am
plified at the expense of the information in S (v) by § f 0 choice of 
the velocity-zero. For lack of direct experimental determination of 
odd 

p (Q) (in exi ?rnal magnetic fields) no such analysis was here perfor
med). 

4. 8 u — ary 

It has been shown that the Fourier deconvolutlon method gives more 



- 1? -

information about broad distributions without adjustable parameters 

than the least-square fitting procedures. If a dominant hyperflne in
teraction parameter can be selected the even part of the Fourier de-
-onvoluted spectrum provides the even part of the distribution of this 
parameter. The odd part of the Fourier deconvoluted spectrum gives 
the derivative of the product of the odd part of this distribution with 
its correlation with other hyperflne parameters. 

It is worth to emphasize that differences in the symmetric and 
antisymmetric part of the dominant distribution may be important when 
the parameter has both positive and negative values. This possibility 
Is generally overlooked in fitting of very broad hyperfine field dis
tributions (extending to zero fields) with Window's [l] method. The 
Fourier deconvolution method can provide both even and odd parts of 
the dominant distribution when the correlation with other parameters 
is known. 
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FIGURE CAPTIONS 

Fig. 1. Illustration of the Fourier ddconvolution procedure. The 
theoretical p(H) (a) was used for the calculation of S(v) 
(b). s(k) is the Fourier transformed spectrum (c). The 
deconvoluted Fourier transformed spectrum is s (k) (d) 
and after back-transformation the Lorentzian broadening 
was removed in S (v) (e). The maximum value of the curves 
was chosen to be 1. 

Fig. 2. Fourier deconvolution of the Mössbauer spectrum of crys
talline Zr.Fe. Notation as before. For the deconvolution 
the linewidth of the Fe calibration was used. Back-trans
formation is shown for different к values: 10.68 a/mm 

max 
(d), 26.71 s/mm (e) and 42.74 a/mm (f). 

Fig. 3. Mössbauer spectra of amorphous Fe e eCo, nB Si measured 
at 
(b) 
at 77 К (a) and amorphous Fe V В 1 08i measured at 5 К 

68 Ю 1A 10 

Fig. 4. Fourier deconvolution of the second and fifth lines of the 
Mössbauer spectrum of amorphous F e a e C o t n B 1 0 S i shown in 

Do 10 \£ 10 
Fig. 3a. Notation as before. Back-transformation is shown 
for different к 

max 
and 13.46 s/mm (f) 

for different к values: 8.08 s/mm (d), 10.77 e/mm (e) max 

Fig. 5. a, Hyperfine field distribution of F e
e o C o i o B i 2 S i l o c a l c u " 

lated from the deconvoluted spectra S (v) of Figs. 4d 
to f, for different к values: 8.08 s/mm (dashed 

max 
line), 10.77 s/mm (continuous line) and 13.46 s/mm 
(dots), respectively. 

b, Hyperfine field distributions of Fe_„Co,/>B,0Si.lrt calcu-
Oo 10 1» 1U 

lated from the deconvoluted spectra S (v) where diffe-
DC 

rent llnewldths were used In the deconvolution: G__ = 
0.15 mm/e (dashed line), G „ = 0.225 mm/s (dots) and 

DC 
G „ = 0.30 mm/s (continuous line), respectively, The value of к was the same (8.08 s/mm) in these cases, max 
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Hyperfine field dlatribution of Fe__Co,„B,_81.л obtained 
Do 10 le Ю 

by tbe binomial distribution Method (histogram) compared 
to that obtained by Fourier deconvolution with к = ' max 
9.42 s/am (daahed line) (a). The fit of the apectrum ob
tained by tbe BO method ia also ahown (b). 

Goodness parameter as a function of к : amorphous 
Fe e_Co 1 QB 8i (e), the same in the case G ^ = 0.30 mm/в 
(A), amorphous Zr.Fe (o) and crystalline Zr.Fe (+). 

Fourier deconvolution of the second and fifth lines of the 
mosebaue r spectrum of amorphous F e

e 8
Vio Bi2 8 ilo e n o v n l n 

Fig. 3b. Notation as before, 8 (v) is shown for different 
к values: 5.36 a/mm (d) and 10.73 s/ma (e). The hyperfine 
field distribution calculated fro» the deconvoluted spectra 
is al*t shown for the different к values: 5.36 s/mm (con-

max 
tlnuous line) and 10.73 s/вш (daahed line) (f), respective
ly 
Hyperfine field distribution of F * e 8

v
1 0

B
1 2

8 1 i o O D t , l n e d ЬУ 
the binomial distribution method (histogram) compared to 
that obtained by Fourier deconvolution with к =5.36 s/mm ' max 
(dashed line) (a). Tbe fit of the spectrum obtained by the BD 
method is also shown (b). 

Fourier deconvolution of the room temperature Moasbauer spec
trum of amorphous Zr_Fe. Notation as before. 8__(v) Is shown 
for different к Я | Ц к values: 16.03 s/na (d) and 21.37 s/ma (e). 

Quadrupole splitting distribution of amorphous Zr^e obtained 
by tbe BD method (histogram) compared to those obtained by 
Fourier deconvolution with k « 16.03 s/ma (dots) and with 
k * 21.37 a/ma (continuous line) (a). The fit of the apec
trum obtained by the BD method la also shown (b). The Insert 

odd •hows 8__ (v) as obtained from the Fourier transformation 
(continuous line) and calculated by assuming linear correla-
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tion between Q and IS aa explained in the text (dota). 

Fig. 12. Fourier deconvolutlon of the room temperature mossbauer 
spectrum of amorphous Fe^Zr^. Notation as before. S K(v) 
is ahown for к = 18.70 s/mm (d). 

Fla;. 13. Quadrupole splitting distribution of amorphous r e

g Q

Z r

l 0 

obtained by the BD method (the two hiatograma illustrate dif
ferent samplings) compared to that obtained by Fourier de-
convolution with к - 18.70 s/mm (continuoua line) (a). 
The fit of the spectrum obtained by the BD method la alao 

odd shown (b). The insert shows 8 (v) aa obtained from the 
Fourier transformation (continuoua line) and calculated by 
assuming linear correlation between Q and IS as explained 
in the text (dots). 

odd Fig. 14. s (k) is the odd part of the Fourier transformed second 
and fifth lines of the spectrum of amorphous * e

e g C o
1 0

B
1 2

8 i
1 0 

(a). The odd part of the deconvoluted Fourier transformed 
odd spectrum ia s__ (k) (b) and after the back-tranaformation 

odd of a (k) the odd part of :..« deconvoluted spectrum is 
8^ d(v) (c). Here к «9.42 s/mm was used. 

Fig. 15. Odd part of the Fourier deconvolutlon of the aoaabauer spec
trum of amorphous Zr~Fe. Notation as on Fig. 14. к = 
21.37 a/mm wss used. 

Fig. 16. Odd part of the Fourier deconvolutlon of the aoasbauer spec
trum of amorphous FeA.Zr... Notation as on Fig. 14. к = 

90 10 * max 
18.70 e/mm wss used. 
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