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The Massbauer spectra of amorphous iron, prepared by using sonochemical methods, exhibit a broad
magnetic hyperfine sextet at both 78 and 295 K. The spectra do not change with time if the amorphous iron is
not exposed to oxygen or moisture. An analysis of the spectra with the method of Lines and &ilyselds
average magnetic hyperfine fields of 29.1 and 25.9 T at 78 and 295 K, respectively. The corresponding
moments of 1.25 and 1.7z agree well with values obtained from earlier magnetization studies and, further,
provide strong experimental support for earlier calculations of the magnetic moments in amorphous iron. The
observed average isomer shifts of 0.27 and 0.14 mm/s obtained at 78 and 295 K, respectively, correspond to a
decrease in the-electron density at the iron-57 nucleus as compared to thatiodn, a decrease which is
consistent with the decreased coordination number of amorphous iron. The similarity of the 295Kedye
x-ray-absorption spectrum of amorphous iron anolon, up to 7130 eV, indicates that tldeelectron density
of states just above the Fermi level is similar in both forms of iron. The absence of structural details above
7130 eV in the spectrum of amorphous iron indicates, in agreement with multiple-scattering calculations, that
long-range order does not extend beyond the third shell of neighbors in amorphous iron. Greatly reduced
extended x-ray-absorption—fine-structure scattering is observed at th&Kiredge of amorphous iron as
compared toa-iron. An analysis of the weak observed scattering reveals both a decrease in the average
coordination number from 14 ia-iron to 10 in amorphous iron, and an asymmetric radial distribution function
of the iron neighbors in the first shell. This asymmetric distribution yields for amorphous iron a minimum
iron-iron distance of 2.40 A and an average iron-iron distance of 2.956163-182(08)08817-1

. INTRODUCTION of 10° deg/s or faster. Unfortunately, these extremely rapid
quenching rates cannot be obtained by conventional methods
Amorphous metallic alloys are often obtained by the rapidand for many years it was accepted that amorphous iron did
quenching of their melt and, as a consequence, they lack ariyot exist, at least at temperatures near room temperature. In
long- or short-range atomic order. This metallic glassy stat€ontrast, amorphous iron and cobalt can be pregare20 K
is rather different than that typically found in conventional @ thin films, films that subsequently have to be kept at 20 K

glasses that often contain large molecular anions or long cd® Maintain the amorphous state,

. . K _6
valently bonded chains that help to stabilize the glassy state, SUS“Ck. and h"?’ co-workefs® have shown that
. . sonochemical techniques can lead to quench rates greater
Thus to stabilize amorphous metallic alloys, glass formers,

than 13 deg/s in sonochemically generated bubbles that can
such as boron, carbon, or phosphorus, are often added t0 thgye internal temperatures as high as 5000 K. More recent
melt. Hence, the resulting glassy material is not a pure elga|cylationé have indicated that the actual temperatures may
emental amorphous material, as is the material studied in thige as much as two orders of magnitude higher. By using this
paper. technique Suslick and his co-workers have been able to pre-
Because elementally pure amorphous materials are disopare essentially pure amorphous ft@md have reported on
dered locally, but not chemically, they can very easily crys-its structural and magnetic properti€s? Other laboratories
tallize, and it has been predicfethat amorphous iron can have reported on the sonochemical preparation of amorphous
only be obtained with very rapid quenching rates of the ordenickel > amorphous iron-nickel alloys, on the coating of
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amorphous iroft? and on the control of the particle size of
amorphous iror®

Because of the potential technological importance of 100.0
amorphous elemental irdfi,we have undertaken a ds-
bauer and x-ray-absorption spectral study of the structural
and magnetic properties of amorphous iron. 99.0
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Il. EXPERIMENT

A sample of amorphous elemental iron was prepared
sonochemically from R€O)s; by the previously reported
method® The resulting shiny black powder was found by
chemical analysis to contain, by weight, (190.5)% iron,
(1.6x0.2)% carbon, (0.£0.2)% hydrogen, (0£0.2)%
oxygen, and (0.6 0.2)% nitrogen, and thus this sample con-
tains much less carbon than the sample reported upor
earlier®!%1 |t should be noted that, in terms of atomic per- %8.0
cent, the new sample corresponds tqzEe or FegCiHs.
However, an x-ray powder-diffraction pattern of the sample
revea[ed, as in 'the e.arller cdsep trace of any crystalline T S OURCE VELocITY amssy o C
material, includinga-iron. Also, heating above the glass
crystallization temperatufeled to the observation of only FIG. 1. The Mssbauer spectra of amorphous iron obtained at
a-iron in the resulting powder x-ray-diffraction pattern. Thus 295 and 78 K. The solid lines correspond to a fit obtained using a
we believe the carbon is associated with surface contamina-nes and Eibsch Voigtian line profile analysis, see text.
tion and that it is reasonable to refer to the material as pure
elemental amorphous iron. As expected, the sample was egion mode with ionization chambers in front and behind the
tremely moisture and air sensitive and all subsequent maabsorber. A pellet of the compound, with an area of £cm
nipulations of the sample were carried out under an iner&nd a mass of ca. 30 mg, was pressed and maintained in an
atmosphere. inert atmosphere. The extended x-ray-absorption—fine-

The Mossbauer spectra were measured at 78 and 295 Ktructure(EXAFS) spectra were recorded at 295 K with a 2
on conventional constant-acceleration spectrometers whic®V step and with a one-second accumulation time per step
utilized a room-temperature rhodium-matrix cobalt-570ver a 1000 eV energy range. The x-ray-absorption—near-
source and were calibrated at room temperature witton ~ edge structuréXANES) spectra were recorded with a 0.25
foil. The studies were limited to these temperatures becaus®V step over a 125 eV energy range. The spectrum of a
of the requirement that the amorphous iron could not bestandard iron foil was recorded before and after the measure-
exposed to oxygen or moisture and because of the limitation@ents in order to calibrate the energy. The first derivative of
of our experimental facilities. The absorber, which was prethe iron-foil K-edge spectrum at 7112 eV was used to define
pared in a Vacuum Atmospheres, Inc. inert-atmosphere drihe zero-energy reference point of the resulting spectra.
box under pure nitrogen, contained 26 mgfcofi material
finely dispersed in deoxygenated Vaseline. The absorber was [ll. RESULTS AND DISCUSSION
then placed in a cryostat that could be sealed in the dry box
and subsequently studied in the d&bauer spectrometer at
the University of Missouri-Rolla. In this way we could ob-  The Massbauer spectra of amorphous iron, obtained at 78
tain the spectra on a sample that had never been exposedaond 295 K, are shown in Fig. 1. It is immediately obvious
oxygen or moisture. Because amorphous iron could be urfrom this figure that the spectra consist of two components, a
stable with time, we have remeasured the spectra of the sanbgoad sextet, typical of an amorphous material, and a rela-
absorber again, after six months, at the University oftively sharp sextet that seems typical of crystalliaéron.
Missouri-Rolla and then again, after approximately one yearBecause of the presence of these two components, we have
at University College, London. In each instance, virtuallychosen to analyze the spectra in terms of a Lines and
identical spectra were observed, indicating no change witfEibschiiz-type'’ Voigtian profile of Lorentzian components
time for the material, at least over a year while maintainedor the sextet with the distribution of hyperfine parameters
sealed at room temperature under an inert atmosphere. observed for the amorphous-iron component, and one

The x-ray-absorption spectra were recorded with the synkorentzian sextet, with parameters virtually the same as
chrotron radiation provided by the DCI storage ring at thethose of a-iron, for the sharp component. In all cases the
Laboratoire pour I'Utilisation du Rayonnement Electromag-linewidth of the Lorentzian components was constrained to
netique, Universitede Paris Sud, France. The synchrotronbe 0.24 mm/s, a value that is appropriate for the experimen-
radiation was produced by a storage ring operated with 1.88l linewidth observed in both spectrometers used in the ex-
GeV positrons and with a maximum beam intensity of ca.periments. Further, the relative areas of each of the six lines
300 mA. The measurements were performed with thén each sextet were constrained to be in the ratio of
EXAFS Il spectrometer that uses a double crystal silicon3:x:1:1:x:3. The resulting parameters, averaged over all the
(311 monochromator and were carried out in the transmisimeasured spectra, are presented in Table I, along with the
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TABLE I. Mossbhauer spectral hyperfine parameters. The average of three separate measurements in two
different laboratories at 295 K and two separate measurements in the same laboratory at 78 K on the same
absorber. The numbers in parentheses represent the error in the values as determined by the analysis of the

spectra as discussed in the text.

Component Parameter 295 K 78 K
Amorphous iron (H), (T) 25.903) 29.1(3)
() (1) 1.71) 1.91)
(AH) s (T)? 10.510) 12.41.2
(&) (mm/3gP° 0.141) 0.271)
(ASAH) [(mm/g?]° 0.294) 0.093)
X 1.372) 1.482)
% area 9) 95(1)
Abs. ared (%s)(mm/9] 16.455) 19.525)
ds/dT [(mm/9/K] —6.0(4)x 1074 fe
Mt (g/mol) 70(5)
d(In A)Y/dT (K™Y —7.89(5)x 10~ *
Oy (K) 3775)
a-iron H (T) 32.93) 33.94)
5 (mm/s 0.00! 0.10
% area 61) 5(1)

&The root-mean-square deviation of the hyperfine field relativé o
®The isomer shifts are reported relative to room-temperaitiren foil.
“The isomer shift and hyperfine-field fluctuation correlation.
dParameter constrained to value given.

estimated error, as determined from the Lines and Eiligchuhas a reporteddensity of 6.03 g/cr) yields a coordination
analysis. These fits are represented by the solid lines in Fighell of 10 atoms at an average distance of 2.92 A. This
1. At this point it is not clear why increases slightly upon  corresponds to a density of 0.096 iron atom/Alence, the
cooling, but the observed values clearly indicate the presencgcreased number of iron atoms per unit volume in amor-
of some magnetic texture in the absorber. As expected, NBhous iron increases the radial expansion of the ireva-

quadrupole interaction was apparent at either temperature. oo electrons, and thus the isomer shift, as compared to
The spectral component attributed to amorphous iron in

. - a-iron.
Fig. 1 very much resembles that opserVe@iz for FesBao  ppe temperature dependence of the isomer shift of amor-
and related glassy metalloid materials. The correspondmghous iron, although admittedly based on only two data
mean magnetic momex) obtained from the mean hyper- oints, yield4 an effective recoil masM ¢ of 70 g/mol. a
fine field with the generally accepted proportionality constanf | ihyt' | than th | f65 e“/ | bg ?\5/&’“*
of 15 T/ug, is given in Table I. The 1,25 moment obtained V&U€ that IS larger than the vaiue o g/mot obse

from the 295 K Masbauer spectrum of amorphous iron a-iron. This increase in effectiv_e recoil mass results from thg
agrees perfectly with the moment derived eatidrom the ~ decreased number of near neighbors and the corresponding
Bloch-law temperature dependence of the magnetization dicrease in the covalency of the bonding in amorphous iron
amorphous iron. Further, both of these observed momen®@S compared ta-iron. The temperature dependence of the
provide experimental support for the recet initio linear ~ isomer shift ang the absolute spectral absorption area®jield
muffin-tin atomic-sphere approximation calculations ofthe effective Mesbauer temperaturé,, , a quantity that is
Liebs and Fhanle?® calculations that yielded a 295 K mo- similar to the Debye temperature. The observed value of 377
ment of (1.8-0.4)ug for a statistically disordered array of K is somewhat larger than the value of 345 K obsefééd
spins. for nanostructured iron but is, as expected, substantially
The observed 295 K isomer shift of amorphous iron is, asower than the value of ca. 467 K reported fesiron.?
expected, larger than that efiron as a consequence of a  The presence of ca. 5% of a component closely resem-
decrease in the average coordination number. It should beling a-iron in the spectra of amorphous iron calls for spe-
noted thata-iron, with a density of 8.9 g/cfy has a coordi- cial comment. Because the percentage area of this compo-
nation shell of 14 atoms at an average distance of 2.65 Apgent neither increases nor decreases with time, we do not
involving eight atoms at 2.48 A and six atoms at 2.87 A.believe that it results from the crystallization with time of the
This corresponds to a density of 0.180 iron atoms/A  amorphous iron, but rather we believe that this sextet is in-
mean-field analyst§ of the Bloch-law temperature depen- trinsic to the originally prepared material, and is probably
dence of the magnetization of amorphous iron yielded armue to very fine form ferromagnetic particles of 1-5 nm in
average of ca. 10 near neighbors, a value in agreement wittiameter. Indeed, Mgsbauer specttdof nanostructured iron
the 10+ 1 value found in an extended x-ray-absorption—fine-particles with a 1-10 nm diameter consist of two sextets, one
structure stud$yof an amorphous iron thin film at 20 K. As typical of a-iron and one assigned to iron at the boundary of
discussed below, an EXAFS study of amorphous iron, whichhe particles. Hence, the-iron-like component observed
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) ) FIG. 3. The first derivative of the iroK-edge x-ray-absorption
FIG. 2. The ironK-edge x-ray-absorption spectra®firon, up-  spectra ofa-iron, upper curve, and amorphous iron, lower curve,
per curve, and amorphous iron, lower curve, measured at 295 K. measured at 295 K.

herein is quite compatible with the presence of particles of The a-iron K-edae x-rav-absorbtion spectra have been
1-5 nm diameter. Transmission-electron micrografhef ~-€dg Ay-absorp P
alculated using the linearized augmented-plane-wave

different amorphous iron samples revealed ca. 20 nm aggrés -
P P 99 ethod! and the results indicate that the peaks up to ca. 30

gate particles consisting of smaller 4—6 nm particles and " . . .
show no crystallites larger than 4 nm. We have simulatectV In energy above the Fermi level are associated with tran-

x-ray-diffraction patterns for a mixture of 95% of 1-nm-diam sitions of the B e_Iectron to partially filled bgnds with a large
particles representing the amorphous iron and 5% of 4, gd-electron density of states hybridized with tpeelectron.
and 16 nm-diam particles representing the crystaliiieon. ~ The calculated spectruthhas a very close resemblance to
These simulations revealed that the crystalline component i€ initial absorptions observed for bothiron, and amor-
easily distinguishable for diameters of 8 and 16 nm, and i$hous iron, see Fig. 2. Indeed, the calculated spectrum shows
not distinguishable for a diameter of 4 nm or less, in perfec® ca. 15 eV splitting between the initial shoulder and the
agreement with the particle size observed by electron microgn@ximum in absorbance, a splitting that agrees well with the
copy. However, it is not possible from the bauer spectra 16 and 14 eV splittings observed herein #airon and amor-

to show definitively that the component isiron. Indeed, Phous iron, respectively. Thus it would appear that the
unpublished spect, obtained with a source consisting of €lectron hybridized with th@-electron density of states just
cobalt-57 annealed into an-iron matrix, do reveal small above the Fermi level is quite similar in botiron and

differences in this component as compared to the know@morphous iron. . .
spectrum ofa-iron obtained with such a source. The structure observed above the maximum in absorbance

in the spectra of botla-iron and amorphous iron, i.e., above
ca. 7130 eV, results from multiple-scattering procesSés.
As is clearly indicated in both Figs. 2 and 3, above this
The iron K-edge x-ray-absorption spectra afiron and  maximum in absorbance the scattering by amorphous iron
amorphous iron, measured at 295 K, are shown in Fig. 2 andhows much less structure than thatefron. This differ-
the first derivative of these spectra are shown in Fig. 3. Thence is also obvious in Fig. 4 that shows the EXAFS scat-
spectrum ofa-iron is essentially the same as that reportedtering observed for both amorphous iron aadron. We
previously?>*°In contrast, and as expected, the spectrum ohave carried out multiple-scattering calculations @iron
amorphous iron reveals much less detail. However, as showfior clusters of 15, 27, and 89 iron atoms, corresponding to
by a minimum in the first derivative of the spectra, see Figtwo, three, and seven shells of iron atoms, respectively.
3, botha-iron and amorphous iron show a distinct shoulder,These calculations show that the peak at ca. 7140 eV in the
see Fig. 2, at 7117 eV, i.e., at 5 eV above the Fermi level o§pectrum ofa-iron in Fig. 2 is not present with three shells
a-iron, which is 7112 eV, the energy of the maximum in the but is present with seven shells of iron atoms. Because this
first derivative of theK-edge spectrum of-iron. As shown peak disappears in the spectrum of amorphous iron in Fig. 2,
in Fig. 2, the maximum in the spectral absorbance occurs ave can conclude that the long-range order in the amorphous
7133 and 7131 eV, i.e., at 21 and 19 eV above the Fermiron does not extend beyond three or at most four shells of
level, in a-iron and amorphous iron, respectively. iron atoms, i.e., within a sphere of 4-5 A radius.

B. X-ray-absorption spectra
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FIG. 4. The ironK-edge extended x-ray-absorption fine struc-
ture of a-iron, dotted line, and amorphous iron, solid line, measured i

at 295 K. 0 2 4 6 8 . Jlo 12
Iron-iron Correlation Distance (A)

C. EXAFS spectra FIG. 5. The Fourier transform of the irdd-edge extended x-
The scattering observed in the extended x-ray-tay-absorption fine structure afiron, dotted line, and amorphous
absorption—fine-structure study of amorphous iron, see Figfon. solid line.

4, is much less than that observed drnron and that ob-

served earliérfor an amorphous iron thin film. However, €rors in distances and the number of neighbors. Our at-
when the amorphous iron thin fifiwas annealed at 300 K teémpts to fit the EXAFS spectrum of amorphous iron with a
the resulting scattering was virtually identical to that whichSymmetric Gaussian radial distribution function confirm

we obtained fora-iron, see Fig. 4. As expected, the results these difficulties. To overcome them, the cumulant expan-
for a-iron are also virtually identical to those reported Sion has been usédb fit the amorphous-iron thin film with

earlier29-33 the assumption that hcp cobalt could be used as a reference.
The Fourier transforms of the extended x-ray—absorption—This expansion was not used herein because no reference hcp
fine-structure results for amorphous amdron are shown in ~ cobalt data were available. Thus, we have used an asymmet-
Fig. 5. The transform fowr-iron is identical to those pub- T hard-sphere-like radial distribution functibrgiven by
lished earlie?**2In a-iron the first two-shell peak has been
filtered in the range of _1.4—_3.0 A inverse Fourier trans- P(r)=£ exd — (r—R)/s]
formed, and analyzed with eight iron neighbors at 2.48 A 2s
and six iron neighbors at 2.87 A, in agreenf&mith the
known bcc structure ok-iron. For our purposes, we will
consider that the first coordination shell consists of these 14
iron atoms at two different distances, in the ratio o¥3/ 2 JZ
=1.16, with a weighted average distance of 2.65 A. \/_; 0
From a comparison of the positions of the first two peaks
in Fig. 5, one can immediately conclude that the first coor-The parameters of the fit for amorphous iron with such an
dination shell in amorphous iron is at a shorter distance thaasymmetric distribution are given in Table Il. The asymmet-
in a-iron. A similar conclusion was reached by Harisal®>*  ric distribution is characterized by two parametersands,
who studied by EXAFS amorphous §B,y thin films.  whereo corresponds to the usual Debye-Waller factor and
Hence, we expect a coordination number in amorphous ironepresents the width of the distribution due to the statistical
that is smaller than 14, that efiron. The first shell peak in disorder in the neighboring distances. Thealue of 0.083
the Fourier transform for amorphous iron has been filteredA compares well with the weighted average value of 0.079 A
inverse Fourier transformed, and analyzed as explained bésund for the first shell in the refereneeiron. TheR value
low. of 2.40 A given in Table Il is the minimum distance between
The 295 K filtered and back-Fourier-transformed EXAFStwo iron atoms. This value compares well with the iron co-
spectrum of amorphous iron, its Fourier transform, and theivalent radius of 1.17 A and the iron-twelve-coordinate me-
fits are shown in Figs.(8) and Gb). It has been showithat tallic radius of 1.26 A. The average iron-iron distance in the
fits of the EXAFS spectra of highly disordered compoundsasymmetric distribution is given bR+s and is 2.92 A, a
with a symmetric Gaussian radial distribution function led tovalue which is larger than the average value of 2.65 A ob-

X exp(a?/2s?){1+erf (r —R)/V2a]},

erf(z)= e Cdt
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TABLE Il. EXAFS spectral analysis for amorphous iron at 295
K. The estimated errors are given in parentheses.

Neighbor N R A) a(A) s (A)
Iron 10.0Q1) 2.4001) 0.0831) 0.521)
Oxygen 2.18) 1.992) 0.232) 0.0¢%

#This parameter was not varied.

ten iron near neighbors in amorphous iron, as compared to

cl 14 in a-iron, correspond to a ca. 71% filling of the space
3 5 7 9 11 13 around a specific iron atom.

(a) Photoelectron Wave vector (A™) The radial distribution function, calculat&drom the pa-

rameters given in Table Il, is shown in Figch, along with

the radial distribution function for the first shell @firon.

The shape of this function agrees very well with the conclu-

sions drawn by Chandesrét al? about the radial distribu-

tion functions in thin films of amorphous cobalt and iron.

Specifically, the function has a steep edge at short distances

and a long tail at large distances and the width of the func-

Back-Fourier Transformed EXAFS

n

ey

Fourier Transform Amplitude

1.0 tion at half maximum is larger than that of the two Gaussian
peaks fora-iron. Further, the function in Fig.(6) has its
05 maximum at a distance of 2.525 A, a value that agrees very
well with the ca. 2.53 value observeiti the amorphous iron
0.0 <R e et thin film. A visual comparison of the amorphous iron radial
0 1 2 3 4 5 6 7 8 distribution function shown in Fig. (6) with that of Fig. 7
® Radial Coordinate (A) found in Ref. 2 indicates that the first function is wider and

extends to even larger distances than the function in Ref. 2.
i The characteristics of the radial distribution function ob-
- tained herein for amorphous iron are certainly indicative of a
- i highly disordered structure, a disorder that is also the cause
of the very weak EXAFS signal observed herein. The amor-
phous iron studied herein shows a local structure, which is
even more disordered than that shéviay the amorphous
iron thin films and is well described by an asymmetric radial
distribution function.
The assignment of a peak in the earlier neutron-diffraction
studieS*! to oxygen neighbors of iron at 1.93 or 2.06 A in
; T an iron-oxide impurity drew our attention to the shoulder
1 2 3 4 5 6 observed at ca. 1.6 A in the Fourier transform shown in Fig.
© Distance (A) 6(b), a shoulder that could not be reproduced by introducing
) ) iron near neighbors at any reasonable distance. Hence we
FIG. 6. The 295 K amorphous iron back-Fourier transformed,gqmed, in agreement with both the neutron-diffraction
EXAFS SpeCt.rum(a) and the Fourier t.ranSforrfb) at the ronK. analysis and the weak absorptions present at—&. and
edge. The solid lines represent a fit with the model described in the ) . R
text and in Table Il. The radial distribution functions of the first +7mm/s in the 78 K .Mesbauer spectrum shown m F'Q- 1
shell for amorphous iron, solid line, ang-iron, dotted line, are that the sample contains a small amount of iron-oxide impu-

shown in(c). In this plot the areas under the distributions have beerfity. Consequently, a second shell, see Table II, is assigned
normalized to 10 for amorphous iron and 14 feiron. to oxygen neighbors of iron in the impurity. The absence of
a model compound for this impurity yields a low precision
served ina-iron and larger than the values of 2.56 and 2.64for the parameters of the fit carried out with a symmetric
A found by neutron diffraction'!and of 2.55 A measured at Gaussian distribution. In spite of various attempts and in the
20 K on the 20 A amorphous-iron thin films. The value of absence of a Fe-O model compound, the fit of this shoulder
ten iron near neighbors is similar to that obtaihdtbm  could not be improved further than is shown in Figo)6 The
EXAFS measurements on a 20 A amorphous-iron film, but islistance of 1.99 A is reasonable in comparison with the val-
larger than the value of 8.7 fouticby neutron diffraction on  ues of 1.93 or 2.06 A fourid! by neutron-diffraction mea-
amorphous iron. Further, because a density of 6.03%/cnsurements.
was measured by neutron-diffraction measurements for  The peak at ca. 4.4 A in the Fourier transform for amor-
amorphous iron, we calculate that the filling of the spacephous iron in Fig. 5 seems to be related to some subsisting
around an iron atom should be ca. 75% of thatimon. The  long-range order, an order that is similar to that found in

Radial Distribution Function
T
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a-iron at a distance of ca. 4.7 to 4.9 A. This observation is ACKNOWLEDGMENTS
consistent with the results of the multiple-scattering calcula-
tions mentioned in Sec. Il B.

In conclusion, the EXAFS results for amorphous iron may

be analyzed with an asymmetric radial distribution functionIOW'Cz’ U nlvfe rLs_‘lty OT Parlsl 1?’ Ctﬁ 'I’Ea)?:Fgr'dA' Héutor:,
that is consistent with both earlier neutron-diffraction JNIVersity of Liege, in ana yzing the ata. Furt er,
resultd!? on bulk amorphous iron and earlier EXAFS the authors acknowledge, with thanks, the support obtained

resultg on amorphous-iron thin films. Further, these resultsTom the Ministee de la Communautéranaise de Belgique
indicate a reduced average coordination number and a réor A-R.C. Grant No. 94/99-175, from the Fonds National de
duced minimum iron-iron distance, reductions that agreéd Recherche Scientifique, Belgium, and from the Division of
with the changes in the Msbauer spectral hyperfine param- Materials Research of the U.S. National Science Foundation

The authors appreciate the help of Professor A. Micha-

eters. for Grant No. DMR-9521739.

1T. Egami, Rep. Prog. Phyd7, 1601(1984. bauer Effect edited by G. J. Long and J. G. Stevei®&enum,

2D. Chanderis, H. Magnan, G. Jezequel, K. Hricovini, G. Rossi, B. New York, 1986, p. 25.
Villette, and J. Lecante, Phys. Sdr31, 239 (1990. 19G. Longworth, inMdssbauer Spectroscopy Applied to Inorganic

3K. S. Suslick, D. A. Hammerton, and R. E. Cline, Jr., J. Am. Chemistry edited by G. J. LongPlenum, New York, 1987
Chem. Soc108 5641(1984. Vol. 2, p. 289.

:K S. SUS'le, Sci. Am260, 62(1989, Science247, 1439(1999 ZOC_ L. Chien, D. Musser, E. M. Gyorgy’ R. C. Sherwood, H. S.
K. S. Suslick, T. Hyeon, and M. Fang, Chem. Mat8r.2172 Chen, F. E. Luborsky, and J. L. Walter, Phys. Rev2® 283
(1996. (1979.

6M. W. Grinstaff, A. A. Cichowlas, S.-B. Choe, and K. S. Suslick,
Ultrasonics30, 168 (1992.

"W. C. Moss, D. B. Clarke, and D. A. Young, Scier2e6 1398
(1997; see also L. A. Crum and T. J. Matulinid. 276, 1348
(1997.

8K. S. Suslick, S.-B. Choe, A. A. Cichowlas, and M. W. Grinstaff,
Nature(London 353 414(1991).

°R. Bellissent, G. Galli, T. Hyeon, S. Magazu, D. Majolino, P.

21C, L. Chien, D. Musser, F. E. Luborsky, and J. L. Walter, J. Phys.
F 8, 283(1978.

223, 7. Jiang, J. Magn. Magn. Mate¥54, 375(1996.

M. Liebs and M. Fanle, Phys. Rev. B3, 14 012(1996.

24R. D. Ernst, D. R. Wilson, and R. H. Herber, J. Am. Chem. Soc.
106, 1646(1984.

258, Kolk, in Dynamic Properties of Soligedited by G. K. Horton

Migliardo, and K. S. Suslick, Phys. S&7, 79 (1995. and A. A. Maradudin(North-Holland, Amsterdam, 1984Vol.
10\, W. Grinstaff, M. B. Salamon, and K. S. Suslick, Phys. Rev. B __ 2 P- 5. i
48, 269(1993. 65, J. Campbell and H. Gleiter, iMossbauer Spectroscopy Ap-
UR. Bellissent, G. Galli, M. W. Grinstaff, P. Migliardo, and K. S.  plied to Magnetism and Materials Scieneglited by G. J. Long
Suslick, Phys. Rev. B8, 15 797(1993. and F. GrandjeaPlenum, New York, 1993 Vol. 1, p. 241.
12y Koltypin, G. Katabi, X. Cao, R. Prozorov, and A. Gedanken, J.%”U. Herr, J. Jing, R. Birringer, U. Gonser, and H. Gleiter, Appl.
Non-Cryst. Solid201, 159(1996. Phys. Lett.50, 472 (1987).
13K, V. P. M. Shafi, A. Gedanken, R. B. Goldfarb, and I. Felner, J.28Q. A. Pankhurstunpublishedl
Appl. Phys.81, 6901(1997. 29L. A. Grunes, Phys. Rev. B7, 2111(1983.
0. Rozenfeld, Y. Koltypin, H. Bamnolker, S. Margel, and A. 3CA. Di Cicco, M. Berrettoni, S. Stizza, E. Bonetti, and G. Cocco,
Gedanken, LangmuitO, 3919(1994. Phys. Rev. B50, 12 386(1994).
15%. cao, Y. Koltypin, G. Kataby, R. Prozorov, and A. Gedanken, 313, E. Mler, O. Jepsen, and J. W. Wilkins, Solid State Commun.
J. Mater. Res10, 2952(1995. 42, 365(1982.

16Q. A. Pankhurst, irVlossbauer Spectroscopy Applied to Magne- *2T. A. Tyson, K. O. Hodgson, C. R. Natoli, and M. Benfatto, Phys.
tism and Materials Sciencedited by G. J. Long and F. Grand- Rev. B46, 5997 (1992.

jean(Plenum, New York, 1996 Vol. 2, p. 59. 33D, s. Yang and G. Bunker, Phys. Rev.58, 3169(1996.
M. Eibschiz, M. E. Lines, and H. S. Chen, Phys. Rev28 425  3*V. G. Harris, S. A. Oliver, J. D. Ayers, B. N. Das, and N. C.
(1983. Koon, Appl. Phys. Lett68, 2073(1996.

18y. Gonser, M. Ackerman, H. J. Bauer, N. Blaes, S. M. Fries, R.2°E. Prouzet, A. Michalowicz, and N. Allali, J. Phys. [/ C2-261
Gaa, and H. G. Wagner, imdustrial Applications of the Mgs- (1997.



