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Abstract

ac Magnetic susceptibility measurements have been carried out on LuFe11Ti and LuFe11TiH and reveal the absence of any spin-reorientation
between 4.5 and 293 K. Iron-57 M̈ossbauer spectral measurements between 4.2 and 295 K have been carried out on SmFe11Ti and LuFe11Ti
and their respective hydrides, SmFeTiH and LuFe TiH. The Mössbauer spectra have been analyzed with a model that considers both the
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rientation of the iron magnetic moments and the distribution of titanium atoms in the near neighbor environment of the three
raphically distinct iron sites. The assignment and the temperature dependence of the hyperfine fields are in complete agreem
nit cell volume and its expansion upon hydrogenation and with those observed in the related RFe11Ti and RFe11TiH compounds. The si
ssignments and their temperature dependencies of the isomer shifts are in complete agreement both with the Wigner–Seitz ce

he inequivalent iron sites and the crystallographic changes upon hydrogen insertion.
2004 Published by Elsevier B.V.

eywords:Mössbauer spectroscopy; Magnetic measurements; Hydrogenation; Rare-earth intermetallic compounds

. Introduction

Among the RFe11Ti compounds, where R is a rare earth,
hat crystallize in the ThMn12 I4/mmmtetragonal structure
1–8], SmFe11Ti, GdFe11Ti, and LuFe11Ti exhibit [9] an ax-
al magnetic anisotropy, an anisotropy, which is preserved
8–12] in their hydrides. The same behavior is observed[13]
n CeFe11Ti and its hydride. In the RFe11Ti compounds,
he iron sublattices favor the axial magnetic anisotropy, an
nisotropy that is reinforced by the samarium uniaxial magne-

ocrystalline anisotropy in SmFe11Ti and is further increased
8,14] by the insertion of hydrogen to form SmFe11TiH, as
s indicated by an increase in the K1 anisotropy constant
rom 3.9 to 4.7 MJ/m3. In contrast, gadolinium, which has
o orbital moment because of a half-filled 4f shell, does
ot reinforce the axial magnetic anisotropy; both GdFe11Ti

∗ Corresponding author.
E-mail address:fgrandjean@ulg.ac.be (F. Grandjean).

and GdFe11TiH exhibit a small K1 anisotropy constant o
1.5 MJ/m3. Lutetium, like gadolinium has no orbital mome
because of a filled 4f shell, and the anisotropy constants[15]
of LuFe11Ti and LuFe11TiH are 1.92 and 2.13 MJ/m3, re-
spectively. In this case, the anisotropy is again dominate
the iron sublattices. The small increase in the K1 anisotropy
constant upon hydrogenation presumably results[15] from
an increase in iron magnetic moment that is associated
the unit-cell expansion.

We have carried out a systematic Mössbauer spectral stu
of the RFe11Ti compounds,[16–22]between 4.2 and 295 K
In all these compounds, the rare-earth atom carries a ma
moment and contributes to the hyperfine fields measur
the iron-57 M̈ossbauer spectra. In contrast, in LuFe11Ti, the
lutetium does not carry a magnetic moment and, hence
iron hyperfine fields result only from the iron magnetic m
ments. Hence, it is interesting to investigate this compo
by Mössbauer spectroscopy in order to separate the effe
the rare-earth sublattices from those of the iron sublatt

925-8388/$ – see front matter © 2004 Published by Elsevier B.V.
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In this paper, we report and analyze the iron-57 Mössbauer
spectra of both SmFe11Ti and LuFe11Ti and their hydrides
with the goal of comparing the effect of a magnetic and a
non-magnetic rare-earth atom on the magnetic properties of
the iron sublattices.

2. Experimental

SmFe11Ti and LuFe11Ti have been synthesized and their
hydrogenation was carried out as described earlier[8]. Gravi-
metric mass-gain analysis indicates that the accuracy of the
hydrogen content in the hydrides is±0.1 per formula unit.

The ac magnetic susceptibilities have been measured on
a computer controlled mutual inductance susceptometer[23]
at a frequency of 120 Hz in an exciting field of 10–4 T. A
lock-in amplifier was used to determine the complex suscep-
tibility, χac = χ′ − jχ′′, whereχ′ is the initial susceptibility, a
susceptibility that is related to the changes in the sample mag-
netization, andχ′′ is non-zero if magnetic energy is absorbed
by the sample.

The Mössbauer spectra were measured between 4.2 and
295 K on a constant-acceleration spectrometer, which uti-
lized a rhodium matrix cobalt-57 source and was calibrated at
room temperature with�-iron foil. The Mössbauer spectral
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lattice parameters are summarized inTable 1. The lattice pa-
rameters are in agreement with earlier measurements[24]
and are typical of the RFe11Ti compounds with the expected,
essentially constant,c/a ratio of 0.56 and the typical unit cell
volume expansion of ca. 3̊A3 upon hydrogenation. The sig-
nificant decrease in the lattice parameters in going from the
Sm to the Lu compounds is expected and is a consequence
of the lanthanide contraction.

The magnetic properties of SmFe11Ti, SmFe11TiH,
LuFe11Ti, and LuFe11TiH, which are also summarized in
Table 1, are typical of these compounds and show the ex-
pected ca. 10% increase in the Curie temperature.

There are some significant differences between the lattice
parameters and Curie temperatures of the samples measured
herein and those reported by Nikitin et al.[24] These differ-
ences no doubt result from slight differences in the titanium
and/or the hydrogen content of the two sets of samples. For
instance, the previously observed[24] lower Curie temper-
atures of LuFe11Ti and LuFe11TiH probably result from a
lower titanium and/or hydrogen content than in the samples
studied herein. The difference between the unit-cell volume
increase upon hydrogenation of SmFe11Ti and LuFe11Ti re-
ported inTable 1and those previously reported[24] also
results from differences in titanium and hydrogen content.

The ac magnetic susceptibility and high field magneti-
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bsorbers contained 35 mg/cmof powdered sample whic
ad been sieved to a 0.045 mm or smaller diameter p
le size. The low temperature spectra were obtained
anis Super-Varitemp cryostat and the temperature was
rolled with a Lakeshore Cryogenics temperature contr
ith an accuracy of better than 1% of the observed tem
ture. The resulting spectra have been fit as discussed
nd the estimated errors are at most±0.2 T for the hyperfin
elds and their changes per additional titanium near ne
or,±0.01 mm/s for the isomer shifts and their changes,
0.02 mm/s for the quadrupole shifts and their changes
bserved line widths were between 0.36 and 0.39 mm/s

. Structural and magnetic studies

The powder X-ray diffraction patterns of SmFe11Ti,
mFe11TiH, LuFe11Ti, and LuFe11TiH indicate that the
rystallize with the tetragonalI4/mmmThMn12structure. Th

able 1
attice parameters and magnetic properties

ompound a (Å) c (Å) c/a

mFe11Ti 8.558 (1) 4.789 (1) 0.556
mFe11TiH 8.573 (2) 4.808 (1) 0.561
Inc. 0.015 0.019 –
%Inc. 0.18 0.40 –

uFe11Ti 8.462 (1) 4.779 (1) 0.565
uFe11TiH 8.501 (2) 4.783 (1) 0.563
Inc. 0.039 0.004 –
%Inc. 0.46 0.08 –
Tc (K) Msat (�B) at 300 K Msat (�B) at 5 K

(2) 591 17.3 19.3
(3) 634 18.2 19.3

43 0.9 0.0
7.3 5.20 0.0

(2) 498 15.2 16.0
(3) 558 15.3 17.15

60 0.1 1.15
12.0 0.66 7.19

ation studies between 4.5 and 300 K of the same sam
f SmFe11Ti and SmFe11TiH as used herein have been
orted[8] earlier. This earlier investigation has indicated
bsence of any magnetic transitions in either compound
onfirms that the easy axis of magnetization is parallel
he tetragonal c-axis of the unit cell between 4 and 300

The temperature dependence of the real componenχ′,
nd the imaginary component,χ′′, in the ac susceptibility o
uFe11Ti and LuFe11TiH is shown inFig. 1. The absenc
f any sharp transition in,χ′′, is an excellent indication o

he absence of any spin-reorientations in these samples
ooling, an observation that is, both expected and co
ent with the Stevens coefficients of Lu. The broad cha
n both theχ′and χ′′ components of the ac susceptibi
f LuFe11Ti and LuFe11TiH, observed between ca. 150 a
50 K are reminiscent of the magnetic after effects alre
bserved in several intermetallic compounds, such as C2

25] and R2Fe14B [26] and analyzed in detail by Monner
l. [27].
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Fig. 1. The temperature dependence of the ac magnetic susceptibility of
LuFe11Ti (a) and LuFe11TiH (b).

4. Mössbauer spectral studies

The Mössbauer spectra of SmFe11Ti and LuFe11Ti and
their respective hydrides, obtained between 4.2 and 295 K
are shown inFigs. 2 and 3, respectively.

In all four of the compounds under study, the iron occupies
three crystallographically inequivalent sites, the 8f, 8i, and 8j
sites whereas titanium occupies only the 8i sites. Thus, three
sextets assigned to the 8f, 8i, and 8j sites, with relative areas
in the ratio of 8:6:8 are required to fit the spectra. However,
as already observed for many related[16–22]RFe11Ti com-
pounds and their hydrides, these three sextets must be furthe
subdivided because of the random distribution of the titanium,
which is a near neighbor to each of the three iron sites. Hence,
based on a binomial distribution, the 8i sextet is subdivided
into three component sextets with 6.47, 10.79, and 9.98% ar-
eas, whereas each of the 8f and 8j sextets is subdivided into
three component sextets with 11.51, 15.34, and 9.52% ar-
eas; these sextets correspond, respectively, to iron with zero,
one, and two or more titanium near neighbors. Thus, at least
for compounds exhibiting a uniaxial magnetic structure, nine
sextets, with their areas constrained to the above relative val-
ues, are required to model the Mössbauer spectra shown in
Figs. 2 and 3.

Three hyperfine parameters define each of the above sex-
tets, the magnetic hyperfine field,H, the isomer shift,δ, and
the quadrupole shift,ε. In order to both reduce the number of
variables and to build in constraints into the model, it has been
assumed herein that the three hyperfine parameters for each
inequivalent iron site will vary linearly with n, the number of
titanium near neighbors, such that

Hn = H0 + n�H,

δn = δ0 + n∆δ,

and

εn = ε0 + n∆ε,

whereH0, δ0, andε0 are, respectively, the magnetic hyper-
fine field, isomer shift, and quadrupole shift, corresponding
to zero titanium near neighbors and�H, �δ, and�ε, are
the respective changes observed for one additional titanium
near neighbor. A similar linear dependence of the hyperfine
field on n has been successful in our earlier[28–31]analyses
of the Mössbauer spectra of a variety of R2Fe17−xMx solid
solutions. This model, has led to the components and the fits
shown inFigs. 2 and 3, includes 18 hyperfine parameters,
one line width, and one total absorption area. The resulting
hyperfine parameters are given inTables 2–5.
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One would expect that the large number of fitting par
ters should easily lead to good but perhaps far from un
ts. Hence, to give added confidence to our spectral ana
e use the temperature dependencies of the hyperfine p
ters to both improve upon the uniqueness of our fits a
rovide a further physical constraint upon the fits. Pas
erience indicates that it is not as easy to obtain good fi

he observed spectra as might be anticipated, especially
hysically viable changes in the hyperfine parameters

emperature are imposed upon the fits. Thus, so far we
ot been able to find an alternative model that both prov
ood fits and viable changes in the hyperfine parameters

emperature, but such an undiscovered model may, of co
xist.

. Discussion

.1. Hyperfine fields

The assignment along with the temperature dependen
he three hyperfine fields for zero titanium near neighbor
heir weighted average for SmFe11Ti and LuFe11Ti and their
espective hydrides, are shown inFigs. 4 and 5, respectively
he Wigner–Seitz cell[32] of the three inequivalent iron sit

n RFe11Ti and RFe11TiH has been used to show that the
ite has 11.75 iron near neighbors, the largest average n
f iron near neighbors. In contrast, the 8f and 8j iron sites
ave only nine iron near neighbors. Thus, on the basis of

he number of near-neighbor ions and its relative area
extet with the largest hyperfine field,H0, has been assign
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Fig. 2. The M̈ossbauer spectra of SmFe11Ti (a) and SmFe11TiH (b) obtained at the indicated temperatures.

to the 8i site, an assignment that is further supported by the
observed isomer shift values, see below.

The assignment of the remaining two sites is more dif-
ficult because of both their identical constrained percentage
areas and their identical iron near neighbor environments. As
a consequence, because it is not possible to unequivocally as-
sign the 8f and 8j sextets on the basis of their fields or relative
areas, their assignment is determined by their differing iso-
mer shifts as is explained below. The resulting assignment of
the fields to the three iron sites is identical to that previously
used[33] for the SmFe11−xCox compounds and the site av-
erage fields fitted in ref.[33] are smaller than the maximum
fields reported inTable 2. Although the threeH0 hyperfine
fields increase upon hydrogenation, the sequence of hyper-
fine fields, 8i > 8j > 8f, remains unchanged as is shown in
Figs. 4 and 5. In addition to the lattice expansion upon hy-
drogenation, a Wigner–Seitz cell analysis[32] indicates that
only the 8j site has a hydrogen near neighbor; neither the 8f
nor the 8i sites have any hydrogen near neighbors.

The solid lines shown inFigs. 4 and 5are Brillouin
curves for spin 5/2; all the hyperfine fields follow these Bril-
louin curves. The hyperfine fields observed in SmFe11Ti
and SmFe11TiH (Tables 2–5), are larger by 3–4 T than
those observed in LuFe11Ti and LuFe11TiH. This differ-
ence in hyperfine fields indicates the importance of the
contribution of the magnetic moment carried by samar-
ium.

The increase in the average hyperfine fields upon hydro-
genation is ca. 1 and 2 T at 4.2 K, as is shown inFigs. 4 and 5
for SmFe11Ti and LuFe11Ti, respectively. Similar increases
in the hyperfine fields upon hydrogenation or nitrogenation of
several R2Fe17 and RFe11Ti compounds have been observed
[16–22,28–31]. This increase in hyperfine field results in part
from the increase in unit cell volume upon hydrogenation and
the larger increase observed for LuFe11Ti results from the
larger relative increase in unit-cell volume as is indicated in
Table 1. The nearly temperature independent decreases in the
hyperfine field per titanium near neighbor are between−1.5
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Fig. 3. The M̈ossbauer spectra of LuFe11Ti (a) and LuFe11TiH (b) obtained at the indicated temperatures.

and−2.8 T for the three sites and are very similar to those
observed[16–22,34]in the other RFe11Ti compounds and
their respective hydrides and are within the range from−1.1
to−6 T observed[35,36]in a spinel oxide and in Nd2Fe16Ti,
respectively.

5.2. Isomer shifts

The assignment and the temperature dependence of the
three site average isomer shifts, and their weighted aver-
age, for SmFe11Ti and LuFe11Ti and their respective hy-
drides, are shown inFigs. 6 and 7, respectively. The site av-
erage isomer shifts have been calculated from theδn values
weighted with the percent contribution given by the bino-
mial distribution. In agreement with the Wigner–Seitz cell
analysis[32] of the three inequivalent iron sites, the se-
quence of isomer shifts, 8i > 8j > 8f, follows the sequence
of Wigner–Seitz cell volumes. Such a relationship between
isomer shifts and Wigner–Seitz cell volumes has been ob-

served[28,37] in many R2Fe17 compounds and[16–22] in
the other RFe11Ti and their hydrides. The overall increase
in unit-cell volume accounts for the increase in the weighted
average isomer shift upon hydrogenation. Further, the iso-
mer shifts are smaller in LuFe11Ti and its hydride, than in
SmFe11Ti and its hydride, in agreement with the smaller unit
cell volume observed in LuFe11Ti and its hydride. Finally,
the 8i isomer shift does not substantially increase upon hy-
drogenation. This smaller increase is to be compared with a
decrease[22] in the 8i isomer shift upon hydrogenation of
GdFe11Ti to form GdFe11TiD.

The temperature dependence of the weighted average
isomer shift in SmFe11Ti and LuFe11Ti and their re-
spective hydrides, shown inFigs. 6 and 7, has been
fit [38,39] with the Debye model for the second or-
der Doppler shift. The resulting effective vibrating mass
[39] is 57 g/mol and the effective M̈ossbauer temper-
atures are 383, 402, 371, and 420 K, for SmFe11Ti,
SmFe11TiH, LuFe11Ti, and LuFe11TiH, respectively. These
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Table 2
Mössbauer spectral hyperfine parameters for SmFe11Ti

Parameter T (K) 8f 8i 8j Wt. Av.

H0 (�H) (T) 295 24.8 (−2.2) 31.5 (−1.8) 28.2 (−1.8) 25.8
225 26.2 (−2.2) 33.5 (−1.7) 30.3 (−1.7) 27.5
155 27.4 (−2.2) 34.1 (−1.7) 31.5 (−1.7) 28.5
85 28.0 (−2.4) 34.6 (−1.5) 31.9 (−1.5) 29.1
4.2 28.2 (−2.5) 35.0 (−1.6) 32.2 (−1.6) 29.3

δ0
a (�δ) (mm/s) 295 −0.167 (0.018) 0.013 (−0.003) −0.149 (0.012) −0.102

225 −0.105 (0.018) 0.085 (−0.003) −0.095 (0.012) −0.040
155 −0.065 (0.016) 0.122 (−0.003) −0.060 (0.012) −0.003
85 −0.038 (0.018) 0.140 (−0.003) −0.034 (0.012) 0.021
4.2 −0.029 (0.018) 0.165 (−0.003) −0.025 (0.012) 0.035

ε0 (�ε) (mm/s) 295 0.006 (0.054) 0.036 (0.057) −0.044 (0.051) 0. 050
225 0.035 (0.045) 0.085 (0.065) −0.090 (0.090) 0.069
155 0.031 (0.034) 0.083 (0.081) −0.142 (0.116) 0.059
85 0.028 (0.026) 0.089 (0.032) −0.086 (0.097) 0.055
4.2 0.071 (0.016) 0.068 (0.095) −0.112 (0.071) 0.072

a Relative to room temperature�-iron foil.

Table 3
Mössbauer spectral hyperfine parameters for SmFe11TiH

Parameter T (K) 8f 8i 8j Wt. Av.

H0 (�H) (T) 295 26.1 (−2.4) 32.1 (−1.4) 31.4 (−2.8) 27.4
225 27.8 (−2.4) 33.5 (−1.4) 32.6 (−2.8) 28.8
155 28.8 (−2.4) 34.3 (−1.4) 33.2 (−2.8) 29.6
85 29.0 (−2.4) 34.5 (−1.4) 33.7 (−2.8) 29.9
4.2 29.2 (−2.4) 34.8 (−1.4) 34.0 (−2.8) 30.2

δ0
a (�δ) (mm/s) 295 −0.078 (0.031) 0.076 (−0.019) −0.040 (−0.002) −0.018

225 −0.045 (0.031) 0.115 (−0.019) −0.001 (−0.002) 0.019
155 −0.020 (0.031) 0.135 (−0.019) 0.030 (−0.002) 0.045
85 −0.002 (0.031) 0.150 (−0.019) 0.045 (−0.002) 0.061
4.2 −0.002 (0.031) 0.152 (−0.019) 0.047 (−0.002) 0.062

ε0 (�ε) (mm/s) 295 0.152 (0.055) 0.231 (0.006) −0.050 (0.073) 0.146
225 0.120 (0.055) 0.200 (0.006) −0.045 (0.073) 0.125
155 0.080 (0.055) 0.160 (0.006) −0.040 (0.073) 0.104
85 0.030 (0.055) 0.120 (0.006) −0.030 (0.073) 0.079
4.2 0.020 (0.055) 0.105 (0.006) −0.021 (0.073) 0.074

a Relative to room temperature�-iron foil.

Table 4
Mössbauer spectral hyperfine parameters for LuFe11Ti

Parameter T (K) 8f 8i 8j Wt. Av.

H0 (�H) (T) 295 21.6 (−1.7) 28.4 (−1.7) 24.5 (−1.5) 22.9
225 23.6 (−1.9) 30.6 (−1.7) 26.7 (−1.5) 25.0
155 24.5 (−1.9) 32.0 (−1.8) 27.7 (−1.4) 26.0
85 25.2 (−1.9) 33.0 (−1.9) 28.5 (−1.5) 26.7
4.2 25.4 (−1.9) 33.2 (−1.8) 28.8 (−1.7) 26.9

δ0
a (�δ) (mm/s) 295 −0.156 (0.008) 0.014 (−0.026) −0.111 (−0.028) −0.107

225 −0.110 (0.001) 0.050 (−0.023) −0.069 (−0.023) −0.066
155 −0.070 (0.002) 0.073 (−0.018) −0.029 (−0.025) −0.029
85 −0.040 (0.002) 0.101 (−0.017) −0.001 (−0.026) 0.000
4.2 −0.030 (0.002) 0.106 (−0.012) 0.010 (−0.025) 0.010

ε0 (�ε) (mm/s) 295 0.131 (0.022) 0.115 (0.001) −0.057 (0.040) 0.079
225 0.103 (0.021) 0.067 (0.028) −0.051 (0.012) 0.057
155 0.114 (0.010) 0.087 (−0.010) 0.037 (−0.041) 0.064
85 0.127 (−0.004) 0.084 (0.017) 0.004 (−0.029) 0.065
4.2 0.130 (−0.002) 0.086 (0.019) 0.025 (−0.021) 0.077

a Relative to room temperature�-iron foil.
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Table 5
Mössbauer spectral hyperfine parameters for LuFe11TiH

Parameter T (K) 8f 8i 8j Wt. Av.

H0 (�H) (T) 295 23.3 (−1.8) 30.0 (−1.7) 26.5 (−1.5) 24.7
225 24.9 (−1.9) 32.1 (−1.6) 28.3 (−1.6) 26.4
155 26.2 (−2.1) 33.6 (−1.7) 29.7 (−1.7) 27.7
85 26.6 (−2.0) 34.1 (−1.7) 30.3 (−1.8) 28.2
4.2 27.3 (−2.0) 34.7 (−1.7) 31.0 (−1.7) 28.8

δ0
a (�δ) (mm/s) 295 −0.133 (0.011) −0.068 (0.015) −0.101 (−0.018) −0.101

225 −0.064 (0.002) −0.004 (0.004) −0.040 (−0.027) −0.046
155 −0.018 (0.007) 0.036 (0.010) 0.007 (−0.028) 0.002
85 −0.005 (0.001) 0.050 (0.019) 0.025 (−0.024) 0.022
4.2 0.005 (0.001) 0.063 (0.020) 0.035 (−0.024) 0.033

ε0 (�ε) (mm/s) 295 0.201 (−0.011) −0.002 (0.058) −0.020 (0.007) 0.082
225 0.186 (0.016) −0.020 (0.073) 0.006 (0.000) 0.092
155 0.215 (0.001) −0.001 (0.070) 0.025 (−0.008) 0.106
85 0.228 (−0.016) 0.032 (0.052) 0.043 (−0.021) 0.111
4.2 0.212 (−0.033) 0.045 (0.037) 0.094 (−0.050) 0.107

a Relative to room temperature�-iron foil.

Fig. 4. The temperature dependence of the maximum hyperfine fields,H0, at the three iron sites, and their average, in SmFe11Ti (a) and SmFe11TiH (b). The
solid lines are the result of fits with a Brillouin function withS= 5/2.

Fig. 5. The temperature dependence of the maximum hyperfine fields,H0, at the three iron sites, and their average, in LuFe11Ti (a) and LuFe11TiH (b). The
solid lines are the result of fits with a Brillouin function withS= 5/2. The hyperfine fields of the 8j site and the weighted average are essentially identical in
LuFe11Ti and are very similar in LuFe11TiH.
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Fig. 6. The temperature dependence of the three site average isomer shifts, and their average, in SmFe11Ti (a) and SmFe11TiH (b). The isomer shifts of the 8j
and 8f sites are close to identical in SmFe11Ti. The solid line shown for the average value is the result of the second-order Doppler shift fit discussed in the text.

Fig. 7. The temperature dependence of the three site average isomer shifts, and their average, in LuFe11Ti (a) and LuFe11TiH (b). The solid line shown for the
average value is the result of the second-order Doppler shift fit discussed in the text.

temperatures, which are determined with an accuracy
of ca. 10 K are typical[37,40] of intermetallic com-
pounds.

5.3. Quadrupole shifts

The sign of the average quadrupole shift observed in the
spectra of the RFe11Ti and their hydrides was found[17] to re-
flect the direction of the easy magnetization axis. The positive
average quadrupole shifts of 0.07–0.10 mm/s observed herein
are in complete agreement with the uniaxial magnetization
axis in SmFe11Ti and LuFe11Ti and their respective hydrides.
Similarly, in GdFe11Ti and its hydride, which both show uni-
axial magnetic anisotropy, positive average quadrupole shifts
are observed[22].

6. Conclusions

From a macroscopic point of view the insertion of
hydrogen into SmFe11Ti and LuFe11Ti expands the lat-
tice and, as expected, increases the Curie temperature.
From a microscopic point of view, the insertion of hy-
drogen increases the three hyperfine fields and the 8f and
8j isomer shifts, as a result of lattice expansion. The
larger increases in hyperfine field observed upon hydro-
genation of LuFe11Ti are consistent with the larger in-
crease in unit-cell volume. The smaller isomer shifts ob-
served in LuFe11Ti and LuFe11TiH are consistent with
the smaller unit-cell volumes as compared with those of
SmFe11Ti and SmFe11TiH. The smaller hyperfine fields
observed in LuFe11Ti and LuFe11TiH as compared with
those of SmFe11Ti and SmFe11TiH are a consequence
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of the absence of magnetic moment on Lu. Further,
virtually identical spectra and hyperfine fields are ob-
served[13] for LuFe11Ti and LuFe11TiH, and CeFe11Ti and
CeFe11TiH, respectively.
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