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Selective excitation double Mo ~ssbauer spectroscopy: In search
of magnetic relaxation
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Selective excitation double Msbauer(SEDM) spectroscopy has been used to unambiguously
separate the influence of chemical disorder from time-dependent effects in two alloys studied at and
above room temperatura-FeB,, is a metallic glass with substantial chemical disorder, but no
dynamic effects, and the SEDM spectrum can be fitted assuming only disorder broadegjNiggsFe

is a disordered alloy which may exhibit magnetic relaxation. The SEDM spectrageligeare
consistent with chemical disorder, and we rule out magnetic relaxation faster thaf.2.®Hz at

496 K (0.99¢). © 1999 American Institute of Physidss0021-897@9)27108-3

I. INTRODUCTION spun under a partial pressure of helium onto a stainless-steel

Mdéssbauer spectra of fine particle systéfnand phase Wheel at 30 m/s for RgNiss and onto a copper wheel at 50
separated alloys may show the influences of superpara-M/s fora-FesBzo Absence of crystallinity ira-FesoB,o was
magnetic relaxation. This time-dependent effect on theconfirmed using CK, x-ray diffraction. X-ray diffraction
Mossbauer nucleus causes the hyperfine field to experiencesRectra of FgNiss displayed the expected crystalline peaks.
perturbation on the same time scale as the Larmour preceghermogravimetric analysis determined a Curie temperature
sion and results in spectral line broadening and energy trar2f 499 K'* for FesgNiss and a Curie temperature of 658 K for
sitions not available to the nucleus in a stationary hyperfiné-FeoB2o. Some FgNizs ribbon was annealed at 800 K for
field. However, many systems which exhibit magnetic relax-2n hour and the expected 5° increase in the Curie tempera-
ation also suffer from chemical disorder, which in turn re-ture was observeffj."
sults in spectral broadening that is similar to that caused by Transmission Mesbauer measurements were done with
relaxation. Separating these two effects in a conventiona® constant acceleration spectrometer using a 1°GRiRh
transmission Mesbauer spectrum is problematic. source. SEDM measurements used a constant acceleration

Environment changes during the lifetime of the'$ge  Spectrometer for energy detection and a constant velocity
bauer nuclei can be observed directly by measuring the difspectrometer for energy selectibrEnergy calibration was
ferential scattering cross section, facilitating the distinctionachieved using am-Fe foil. Samples were mounted in an
of chemical disorder and magnetic relaxation. This differen-evacuated furnace for spectra at temperatures up to 500 K.
tial scattering cross section is measured using selective exci- Transmission spectra af Fe;B,q and FggNizs were fit-
tation double MesbauetSEDM) spectroscop® by pump-  ted using Window’s methotf. The distribution of hyperfine
ing the sample at a fixed energy and $8bauer analyzing fields, P(By) and relative intensities of the spectral lines
the scattered radiation. from the transmission fits were then used to parameterize

We useda-Fe; B, a metallic glass with substantial dis- SEDM spectra. Fitting parameters for SEDM spectra were
order, to establish the features of chemical broadening in gestricted to the baseline counts, linewidth and intensity, i.e.,
SEDM spectrum, and then searched for the additional effectsll critical Mossbauer parameters were determined from the
of relaxation in FgNigs. FesNiss is a disordered alloy transmission spectra. The transmission spectra were also
which exhibits significant chemical broadeningand may used to determine the location of line No. 1 for the constant
undergo magnetic relaxation.Our SEDM spectra of energy drive when measuring the SEDM spectrum.
FessNigs are consistent with a previous room temperature  The broadening in the transmission spectra ofgNis
SEDM spectrum of an Fe—Ni Invar allyand support de- may also be described using the stochastic two tgia-
scriptions of Fe—Ni Invar alloy transmission line shapes inflip) magnetic relaxation model of Blume and TjbhFol-
terms of static, inhomogeneous hyperfine fieldlowing the fitting procedures described by Ranccetral 2
distributions”® Using the signature of magnetic relaxation in for FessNiss, we have analyzed our transmission spectra as-
SEDM spectra, we determine a new upper limit for the susuming a single hyperfine field. Field and linewidth were

permoment fluctuation rate possible ingBdiss. determined from room temperature spectra and kept fixed for
all other temperatures. Magnetic relaxation was character-
IIl. EXPERIMENTAL METHODS ized by the supermoment fluctuation rate and average mag-

The alloys were prepared by arc melting the appropriatenetization. Fluctuation rates from these fits should, in prin-
ratio of pure elements under Ti-gettered argon and then mettiple, also describe the SEDM spectrum of the same
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FIG. 1. Transmission Mssbauer spectra cd-FeyB,o (top), a metallic ~ FIG. 2. Transmission Mesbauer spectra of flizs (top) obtained at indi-

glass, at room temperature and SEDM spectra of same examining line No.dated temperatures fit using a distribution of hyperfine fields and SEDM

(bottom). spectra of line No. Xbottom). Similar results were obtained by Price and
Stewart(see Ref. 1pon FegNis, at 295 K.

temperature. However, only partial solutions to the problem
of measuring the differential scattering cross section off he transmission spectrum exhibits the usual broadened six-
Mossbauer nuclei in a time-dependent environment exist. line pattern of a metallic glass with a broad hyperfine field
A simple model due to Balko and Hbys valid in the  distribution,P(Byy). SEDM data obtained driving line No. 1
limit of slow relaxation, dealing only with line broadening, show a single broad line which may be fitted assuming the
applicable to SEDM spectra where lines due to the energgame P(Byy) determined from the transmission spectrum.
transitionsm,= =3, m,= =32 are visible. A more compre- This is direct evidence that chemical disorder can be detected
hensive description for paramagnetlc systems was developét$ing SEDM spectroscopy.
by Balko* however we have been unable to reconstruct this  FésNizs presented similar broadened six-line spectra
method. For the interim, until a comprehensive formalismWith varying temperaturé€Fig. 2). Static fits of the transmis-
for SEDM measurements on time-dependent systems is e§lon spectra for RgNiss at various temperatures yielded hy-
tablished, we offer a simpler model. The formalism used foPerfine field distributions similar to those reported
transmission line shapes models thé ddoauer nucleus as Previously? As with a-FeyB,,, SEDM spectra obtained
oscillating between two states by flipping the direction of thewhile driving line No. 1 of FgNizs show only a single
hyperfine field by 180°, so for example, an excited nucleudroadened line at all temperatures examined. This result is
alternates betweenm, = £ state and an,= + £ state at the immediately inconsistent with significant relaxation rates. In-
relaxation frequency while it decays into the ground statedeed, fitting the SEDM spectra assuming the static distribu-
We calculate the intensities of lines correlated by magneti¢ion of hyperfine fields derived from the corresponding trans-
relaxation by breaking up the exponential decay ofsklo Mission spectrum yields a complete description of the data
bauer nuclei into pieces the size of the relaxation time. NorWith no other variable paramete(Big. 2).
malizing these expressions and using a Markov process ar- Using the relaxation model to fit the transmission spectra
gument, the relative line intensities due to dynamic effect®f FessNiss also yields adequate fits, and a plot of the loga-
during a SEDM experiment are obtained. The results of thigithm of the supermoment fluctuation rate versus the recip-
model are consistent with those of Afanas’ev and Sédov. rocal of temperature is shown in Fig. 3. Using the rate from
Taking the relaxation rates determined from fits to thethe transmission analysis, we can calculate the expected
transmission spectra and combining them with our simpleSEDM pattern using the model described above. With the
model, we can predict the corresponding SEDM spectralarge ﬂuctuatlon rates at hlgh temperature, a strong peak
With (By,) and isomer shift from the field distribution fits of from the m=+3, m;=+3 transition should be present.
the Fe:Nis5 Spectra, we establish an upper bound for magHowever, the 496 K spectrum shown at the bottom of Fig. 3

netic relaxation. clearly demonstrates that the relaxation rate derived from the
transmission fit is far too high. Fluctuation rates derived
IIl. RESULTS AND DISCUSSION from SEDM spectra using our simple model for some of the

temperatures investigated are included in Fig. 3 and lie al-
Figure 1 presents the transmission ddbauer and most two orders of magnitude below those derived by as-
SEDM spectra ob-Fe B, at room temperature (0.43). suming that all of the observed spectral broadening in the
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Comparison of static and dynamic fits to both transmis-
sion and SEDM spectra of EfNigs at temperatures up to
0.99T; allow us to rule out relaxation as a significant source
oA of broadening in this system. All of the observed line broad-
ening in F@gNiss arises from chemical disorder. Any time-
dependent effects which may be present are slower than 2
MHz and make a negligible contribution to the spectral form.
These results rule out any possible magnetic relaxation at
temperatures up to and including those where relaxation is
most likely to occur, alf . This description is fully consis-
tent with previous interpretations of Fe—Ni Invar transmis-
sion spectra in terms of chemical disorder alérie.

SEDM spectra of RgNiss provide conclusive evidence
that chemical disorder is responsible for the line shapes of
transmission spectra on Fe—Ni Invar alloys.
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