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Magnetic Properties of DyFe2H2 from 57Fe, Dy

a
M8Bssbauer Effect and Magnetization Measurements
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G. K. Shenoy, A. T. Aldred and D. G. Westlake
~Argonne National Laboratory
Argonne, Illionis 60439

ABSTRACT

A single phase stable hydride with nominal composition DyFejpH, is
shown to have the cubic Cl5 Laves structure with a 5% larger lattice
constant. 27Fe MYssbauer spectra show two sites with nearly equal pop-
ulation and with different isomer shifts and hyperfine fields. Based
on the average hyperfine field at 4.2 K, an Fe moment of approximately
1.6 ug is estimated. From the'lGlDy data at 4.2 K, which show a single
site, a nearly free-ion moment of 9.8 up is determined. These results,
combined with the total moment of 3.5 ug from bulk magnetization mea-
surements, indicate that the Dy and Fe moments may not be strictly
antiparallel in the hydride. Relaxation effects in the 1 1Dy spectra
above 77 K, combined with a sharp decrease in the moment with increasing
temperature, imply a weakening of the Dy-Fe magnetic coupling induced
by the presence of the hydrogen. '

PACS numbers; 75.30.Cr, 75.50.Gg, 76.80.+y



INTRODUCTION

The Laves-—phase intermetallic compound, DyFe,
readily absorbs approximately 4 hydrogen atoms per
formula unit at ambient temperature [1,2]. Previous
" investigations have considered hydrides of this ma-
~ terial with hydrogen content presumably near this
maximum. For these cases, multiple phases are usually
encountered {1}, making an unambiguous determination
~ of the magnetic and electronic properties of these

materials difficult. In the present study, a stable
intermediate hydride with composition near DyFegH; is
considered. This compound presents only one crystal-
lographic phase and appears to be the most stable of
the DyFe,Hy phases. ’

In an attempt to determine the influence of hydro-
§en on the magnetic and electronic structure of DyFej,

61lpy and 57Fe MYssbauer effect studies and magnetiza-
tion measurements were carried out. Emphasis is given
to the determination and correlation of microscopic
and bulk properties in this system. The results are
compared to those of DyFe,.

EXPERIMENTAL

DyFes was prepared by argon arc-melting of
Dy(99.9%) and Fe(99.99%) metals. The compound was
then annealed at 750 °C for 7 days. Debye-Scherrer
x-ray diffraction patterns taken with Cu Ko radiation
showed only the C15 Laves structure. The hydride was
formed by exposing DyFes to an appropriate amount Hp
gas in a system of known volume to form DyFeoHy. A
subsequent volumetric analysis of the hydrogen content .
of the material gave DyFepHy with x = 1.92 + 0.02.
X-ray diffraction patterns of the hydride showed broad-
er reflections than were obtained for DyFep. However,
only the cubic Cl5 Laves structure was detected with a
lattice constant approximately 5/ larger than that of
DyFe 2 :
.97Fe MBssbauer measurements were made using a 57co -
in Rh source. For the 161Dy experiments, a source of
Gdg.s5Dyg_ 5F3 at ambient temperature was used. An
. apparatus based on a Faraday balance was employed for
the magnetization measurements between 4, 2 K and 300 K
with a maximum field of 15 kOe.

RESULTS AND DISCUSSION

- Representative 57Fe M8ssbauer spectra for DyFes
and DyFejH; g2, both at 77K are shown in Fig. la and 1b,
respectively. DyFej; is ferromagnetic with an anti-
parallel arrangement of the Dy and Fe spins along the
<100> direction [3,4]. Comsequently, only one hyper-



fine field is observed corresponding to the single
crystallographic (and magnetic) site in this material.

The spectrum for the hydride is more complex and
shows resolved structure in spite of slightly broader
resonances compared to DyFep. The fit to the data
which best characterizes the spectra at this. and other
temperatures, consists of a superposition of two six-
line magnetic hyperfine spectra of approximately equal
total intensities and with different hyperfine field
and isomer shifts. The different isomer shifts for
the two spectra, indicates the presence of two
crystallographically inequivalent Fe sites in the
hydride. For DyFep, and the Cl5 Laves-phases in gen-
eral, Fe occupies only one type of crystallographic
site. Since the structure of DyFejH; g7 is an expand-
ed version of DyFe; relative to the metal atoms, then
the different types of Fe sites in the former is
associated with differences in the number and/or posi-
tions of surrounding hydrogen atoms. The two distinct
sites for the Fe indicate that the hydrogen forms .an
ordered structure at this composition.

For the two sites A and B the measured hyperflne
fields at 4.2K are respectively 195 + 4 kG and
242 + 4 kG, compared to the value 225 + 4 kG obtained
for DyFez. The isomer shifts, on the other hand, are
both positive relative to DyFej by the amounts,

0.28 + 0.02 mm/s and 0.08 + 0.02 mm/s for the A and B
sites, respectively at 295 K.

From the temperature variation of the average
hyperfine field, the variation of the Fe moment was
obtained (Fig. 2) assuming a simple scaling between
these two quantities with Fe metal as the reference
point. Such a procedure has been successfully applied
to the analysis of the magnetic properties of DyFe»
[5]. The magnetic transition temperature for the
hydrlde was estimated to be above 500 K from these
experiments. ‘The actual value however, could not be
deduced due to the desorption of hydrogen above this
temperature. 161 ‘

‘ The analysis of the Dy data obtained at 4.2 K
(shown in Fig. 1lc) resulted in a single hyperfine
field of 6050 + 50 kG. This value is close to the
free-ion value of 6200 kG measured in Dy metal but
less than the value of 7080 kG for DyFe,. [6]. Hence,
the saturated Dy magnetic moment in the hydride,
although somewhat reduced from the enhanced moment in
DyFes (due to conduction electron polarization), is
still close to the free-ion value of 10uy.

For temperatures above 77 K, the 16 Dy data show
broadening of the hyperfine lines of the magnetic pat-
tern indicative of the presence of magnetic relaxation
effects. As a first approximation adiabatic relaxation
of a Kramers doublet [6] was assumed, and quite reason-




able fits to the data were obtained in this way. From
the values of the hyperfine fields encountered in the -
above analysis, the temperature dependence of the Dy
moment (presented in Fig. 2) was determined, assuming
the moment to be proportional to the hyperfine field.

Also in Fig. 2, are the results for the magnetic
moment of the hydride per formula unit as a function
of temperature obtained from bulk magnetization mea-
surements with a 15 kG field. However, it should be
noted that magnetic saturation was not obtained at
this field. Attempts to curve fit the magnetization .
field dependence indicates that the measured values
are roughly 60% of saturation. A comparison of the
three curves in Fig. 2 at low temperatures suggests
the possibility that the Dy and Fe spins are not- '
strictly antiparallel in the hydride, in contrast with

-DyFez. The difference between the measured moment -
(3.5ug) and the value expected for simple antiparallel
coupling (6.7ug) is too large to be explained by a
failure in the assumption of strict linearity between
the Fe hyperfine field and magnetic moment. However
the fact that full saturation was not. reached in the
magnetization measurements leaves the question of the
spin structure in doubt at present.

From Fig. 2 one sees that the variation in the
total moment is associated only with that of the Dy
moment, since the Fe moment shows little variation with
temperature up to 300K. The temperature dependence of
the Dy moment itself can be described by a molecular
field calculation assuming a constant exchange field,
presumably arising from the Fe sublattice, over the
entire temperature region (solid line, Fig. 2). We do
not observe a well-defined spin compensation between

.-the Dy and Fe moments. However, based on the relative
values of the two moments at 300 K, compensation could
occur at higher temperatures provided that is indeed
consistent with the magnetic structure of the hydride.
One should also consider the possibility of a distribu-
tion in the direction of the Dy moments due to a dis-
tribution of near-neighbor hydrogen coordinations in

‘this slightly non-stochiometric hydride.

The perturbation by hydrogen of the strength of
the Dy-Fe magnetic coupling, on the other hand, cannot
be deduced solely from these data. However, the
sharper decrease of the Dy hyperfine field with in-
creasing temperature in the hydride compared to
DyFey [5] would be consistent with a smaller exchange
field in the former. Furthermore the presence of
relaxation in the 16lpy spectra above 77K in the hy—
dride and its absence in DyFej also indicates a weaken-

ing of the Dy-Fe coupling induced by the presence of
hydrogen. However detailed conclusions concernlng this
aspect require further investigation.
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Temperature dependence of thebmagnetization for DyFepHy gj.

Solid Circles give the Fe sublattice magnetization by
averaging the two observed hyperfine fields and assuming

~linearity between the 57Fe hyperfine field and the Fe

magnetic moment, Open triangles give the Dy sublattice
magnetization determined from the 161Dy hyperfine field.
Open circles give the bulk magnetlzat1on at 15 kOe (not

. in saturation, see text).

o FORMULA UNIT 4 H.. .

u —— CALCULATED 8,5,2(—"—.?%‘5&)__

Hexch~1200 kOe - .~
0"0--0\,0\
| ~O. —

o
u oo -
I L1 | |_

0 50 100 150 200 250 300 350 400




ABSORPTION (% )

Fig. 1.

S O N U e |

(IS DU T IO AN U T N O SN N B

-100 -0
"~ VELOCITY (mm/s)

-200

Mossbauer spectra obtained at 77 K for (a) 57Fe in DyFe,.
(b) >7Fe in DyFe,H, o, and (c)10lpy in DyFe,H, o,




