MISSOURI

Missouri University of Science and Technology

&I Scholars' Mine

Chemistry Faculty Research & Creative Works Chemistry
01 Apr 1996

A Spin Reorientation in PrzFe17D3 as Revealed by Mdssbauer
Spectroscopy

Fernande Grandjean
Missouri University of Science and Technology, grandjeanf@mst.edu

Dimitri Hautot

Gary J. Long
Missouri University of Science and Technology, glong@mst.edu

Olivier Isnard

et. al. For a complete list of authors, see https://scholarsmine.mst.edu/chem_facwork/827

Follow this and additional works at: https://scholarsmine.mst.edu/chem_facwork

b Part of the Chemistry Commons

Recommended Citation

F. Grandjean et al., "A Spin Reorientation in Pr2Fe17Ds as Revealed by Mdssbauer Spectroscopy,” Journal of
Applied Physics, vol. 79, no. 8 PART 2A, pp. 4584-4586, American Institute of Physics (AIP), Apr 1996.

The definitive version is available at https://doi.org/10.1063/1.361734

This Article - Journal is brought to you for free and open access by Scholars' Mine. It has been accepted for
inclusion in Chemistry Faculty Research & Creative Works by an authorized administrator of Scholars' Mine. This
work is protected by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the
permission of the copyright holder. For more information, please contact scholarsmine@mst.edu.


http://www.mst.edu/
http://www.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/chem_facwork
https://scholarsmine.mst.edu/chem
https://scholarsmine.mst.edu/chem_facwork/827
https://scholarsmine.mst.edu/chem_facwork?utm_source=scholarsmine.mst.edu%2Fchem_facwork%2F827&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/131?utm_source=scholarsmine.mst.edu%2Fchem_facwork%2F827&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.1063/1.361734
mailto:scholarsmine@mst.edu

Hard Magnet Nitrides, Carbides, and Hydrides G. J. Long, Chairman

A spin reorientation in Pr ,Fe;7D; as revealed by Mo ssbauer spectroscopy

F. Grandjean
Institute of Physics, B5, University of lge, B-4000 Sart-Tiiman, Belgium

Dimitri Hautot and Gary J. Long
Department of Chemistry, University of Missouri-Rolla, Rolla, Missouri 65409-0010

0. Isnard,® S. Miraglia, and D. Fruchart
Laboratoire de Cristallographie du CNRS, AssoaiéUniversite J. Fourier, F-38042 Grenoble Cedex 09,
France

The Maossbauer effect spectra of JPe;;D3, which have been measured between 85 and 295 K,
indicate the presence of a spin reorientation of the iron magnetic moments a6 5At this
magnetic transition a large increase-e50 kOe in the & iron magnetic hyperfine field and abrupt
changes in all of the remaining hyperfine fields are observed. A study of the changes in the
quadrupole shifts at the transition indicates that this spin reorientation takes place within the basal
plane of this rhombohedral compound. As expected, the temperature dependence of the isomer shifts
does not show any anomaly at the transition. The origin of this spin reorientation is attributed to
competing effects between lattice expansion upon deuteration and lattice contraction upon cooling.
© 1996 American Institute of Physids$$0021-8979(96)36508-8]

I. INTRODUCTION 120 K. A closer examination of the spectra indicates that
As Coey and Suhfirst showed in 1990, insertion of between 120 and 295 K they are similar but different from

nitrogen into BFe;,, where R is a rare earth, improves their those obtained below 95 K. Additional spectra obtained be-

magnetic properties and dramatically increases their CuriVeen 95 and 120 K show a superposition of the high and
temperatures. We have previously studidthe Mdssbauer [OW temperature spectra. _
spectra of PyFe; and PsFe N, and the hydrides of Because in both BFe;; and PgFesDs, the magnetic
Nd,Fe ;. Hence, it is useful to study the deuterides of moments are orientéderromagnetically in the basal plane
PrFe;; and to compare their Misbauer spectral properties Of the ThZn;; rhombohedral unit cell, we assume that the
with those of the nitride, BFe;;N, ¢ and the related hy- Magnetic moments in B¥e;;D; have the same orientation.
drides. In this article, we will report the interesting and un-Because of this basal orientation of the moments and because
expected behavior of Ffe;;D5. Pr,Fe ;D5 will be discussed Qf the point symmetry of the four iron cryst.allographic sites

in a future articl8 along with various other deuterides and in the ThZn,; structure, the spectra were fitfedith seven

hydrides of RFe,;. sextets, with relative areas of 6:6:3:12:6:12:6, for the seven
magnetically inequivalent,@ 9dg, 9d5, 18f,, 18f4, 1845,
Il. EXPERIMENT and 18k sites. The constraints applied to the hyperfine pa-

rameters have been described in detail elsewh@hre most
important constraint is that the isomer shifts of crystallo-
graphically equivalent, but magnetically inequivalent, sites
(g)re equal. Furthermore, all lines in a spectrum have been fit
with a single linewidth, of between 0.28 and 0.30 mm/s.
ﬁinally, a sextet corresponding teiron with a relative area

Pr,Fe,;D; was prepared as descriBaghrlier and its deu-
terium content is known to an accuracy-68.0+0.1. M®s-
bauer absorbers of 36 mg/érhickness were prepared from
powdered samples which had been sieved to a 0.045 mm
smaller diameter particle size. Msbauer spectra were ob-
tained between 85 and 295 K on a constant-acceleratio

2o . !
spectrometer which utilized a rhodium matrix cobalt—57Of F5_/°\Na5‘ r(:]quwe;jhtotﬂt the o:)ser\éed spgctra. f the f
source and was calibrated at room temperature withon Igure 2 shows the temperalure dependence of the four

foil. The resulting spectra have been fitted as discussed p&ite av_eraged hyperfine fields. Clearly_between 120 ano_l 9K
low and the estimated errors are at mast kOe for the ~€r€ IS a large increase 050 kOe in the @ magnetic

hyperfine fields,+0.005 mm/s for the isomer shifts, and hyperfine field and there are abrupt changes in all of the
+0.01 mm/s for the quadrupole shifts. remaining hyperfine fields. These changes indicate the pres-

ence of a magnetic transition inJfe ;D5 at 105+5 K. The

. MOSSBAUER SPECTRAL RESULTS nature of this transition,. which does not show any obvious

B ) hysteresis, may be elucidated through the study of the quad-

The Mossbauer spectra of JFie;;D;, obtained between rupole shifts, as discussed below.

85 and 295 K are shown in Fig. 1. Itis immediately apparent  Tpe weighted average hyperfine fields are larger than
that dramatic changes occur in the spectra between 95 aRfose found in RFe, but smaller than those found in
PrFe N, ¢ at the corresponding temperatufe$his trend
FAlso at: Institut Laue Langevin. parallels the evolution of the magnetic monfehtipon hy-
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FIG. 1. The Mmsbauer spectra of Jfe,;D; obtained at the indicated tem-
peratures.

drogenation and nitrogenation. The hyperfine fields at the
four crystallographic iron sites decrease in the order6d

> 18f>18h, an order previously observed 8in the RFe,
compounds, where R is Pr, Nd, Sm, Ho, and Th, and an order
which agrees with the decreasing number of iron near neigh-
bors for each site.

The spectra of BFe;;D5 in both magnetic states are dif-
ferent from those of NgFe;H;. This difference indicates
that the orientation of the magnetic moments within the basal
plane is different in the two compounds, a difference already
noted for Pr,Fe;; and NgFe;;. The weighted average hy-
perfine fields in PiFe D5 at 155, 225, and 295 K are5
kOe smaller than those observed the same temperature in
Nd,Fe;;H;. In contrast, the weighted average hyperfine field
at 85 K is 15 kOe larger. Hence, the magnetic transition
which occurs in PiFe ;D5 at ~105 K increases the low tem-
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FIG. 2. The temperature dependence of the hyperfine fields,kePD;.

Figure 3 shows the temperature dependence of the iso-
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mer shifts of the four crystallographically distinct iron sites
and their weighted average. It is clear that none of the isomer
shifts, nor their weighted average, show any anomaly in their
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perature average magnetic moment above the value igg 3 The temperature dependence of the four isomer shifts,FefD,
Nd,Fe /Hs. and their weighted average.
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06 guadrupole shifts. The measurement of asslmauer spec-

trum above the Curie temperature of,R ;D5 may help to
el o0 . g o solve this question, if the compound does not lose deuterium
‘ 2 0 upon heating and if the spectrum shows enough resolution to
& e® o 8, . permit a reliable fit with four doublets.
*2r Ll " The magnetic anisotropy in the,Re;; compounds is
£ Aa 4 4 4 determinedf by the rare-earth single ion anisotropy through
g£00r the interaction between the aspherical crystal field potential
@ 00 o 1, o o at the rare-earth sites and the aspherical charge density of the
Soa] My rare-earth 4 shell, described by the Stevens coefficients of
s the second, fourth, and sixth ordet;, B;, and y;. The
ol e o o %W, O > Stevens coefficients are characteristic of the rare-earth atom
< and do not vary with temperature. Hence, the spin reorienta-
“ ion | ly result from ch i
sl . tion in PrzFe%?D3 at 105_ K can only result from c anges in
ee & 9 @ . the crystal field potential, changes probably resulting from
o . . . 1 . the competing effects of lattice expansion, atomic rearrange-
o 100 150 200 250 300 ment upon deuteration, and lattice contraction upon cooling.
Temperature, K No similar spin reorientation was observad Nd,Fe;;Hs,

FIG. 4. The temperature dependence of the seven quadrupole shifts fetween 85 and 295 K, but, of course, it could occur below
PrFeDs. 85 K and Mmsbauer measurements between 4.2 and 85 K
will be carried out in the near future to check this possibility.
However, it is knowA!%! that the magnetic moments in
Rlsze17 and PyFe; lie in different directions in the basal
Blane, probably because the sixth order Stevens coefficients
, have different signs. Because the three deuterium atoms
re located in the basal plane, they may change dramatically
the high order crystal field terms and, in particular, the sixth
order termy; . MOssbauer spectroscopy is a unique technique

PrZF.?lh7' iahted . hift Dais | to observe this spin reorientation because of its sensitivity to
e weighted average isomer shift 05F;D; is larger the quadrupole shift. Such a spin reorientation within the

th_an that OT Pfe; at th? same temperatu_re n agre_em_entbasal plane cannot be observed by powder neutron diffrac-
with the unit cell expansion upon deuteration. A similar in- .

; tion.
crease of~0.05 mm/s was observédpon hydrogenation of
Nd,Fe;;. The correlation between the Wigner—Seitz cell vol-
ume and the isomer shift for each iron site in going from

temperature dependence around 105 K. Of course, n

transition. This behavior supports our fitting model both
above and below the magnetic transition. The slopes of th
straight lines in Fig. 3 range between5.85x10* and
—8.30%x10 4 mm/(s K) and are similar to those measuféul
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