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Abstract
The Mössbauer spectra of CeFe11Ti and CeFe11TiH obtained between 4.2
and 295 K are analysed in terms of the model used to analyse the spectra
of the RFe11Ti and RFe11TiH compounds, where R is Pr, Nd, Sm, Gd, Tb,
Dy, Ho, Er and Lu. The hyperfine parameters obtained with a consistent
model that considers both the easy magnetization direction and the titanium
preferential site occupancy are discussed as a function of rare-earth atomic
number, temperature and hydrogen content. The average hyperfine fields in the
RFe11Ti and RFe11TiH compounds are described with a two-sublattice model
in which the iron sublattice contributions coincide with the fields observed in
LuFe11Ti and LuFe11TiH, respectively. In both series, the rare-earth sublattice
contributes a transferred field whichoccurs as a result of indirect exchange
between the rare-earth 4f and iron 3d electrons and depends on the nature of
the rare-earth element. The increase in average hyperfine field and isomer
shif t upon hydrogenation of the RFe11Ti compounds results from the unit-cell
expansion upon hydride formation. The observed average quadrupole shift is
closely related to the magnetic anisotropy exhibited by each compound.

1. Introduction

The series of RFe11Ti compounds and their hydrides, RFe11TiH, where R is a rare-earth
element, all of which crystallize in the ThMn12 structure with theI4/mmm space group,
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Table 1. Mössbauer spectral hyperfine parameters for CeFe11Ti.

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

H0(�H ) (T) 295 23.4(−2.5) 28.9(−1.7) 24.6(−2.4) 22.9
225 25.4 (−2.7) 30.7 (−1.9) 26.8 (−2.7) 24.9
155 26.9 (−2.8) 32.3 (−1.8) 28.3 (−2.8) 26.4
85 27.9 (−2.9) 33.4 (−1.9) 29.3 (−2.9) 27.3
4.2 28.4 (−2.9) 33.8 (−1.9) 29.8 (−2.9) 27.8

δa
0(�δ) (mm s−1) 295 −0.200(0.035) −0.007(−0.008) −0.140 (−0.006) −0.118

225 −0.145(0.035) 0.044(−0.008) −0.080 (−0.006) −0.062
155 −0.108(0.035) 0.081(−0.008) −0.035(−0.006) −0.022
85 −0.082(0.034) 0.104(−0.004) 0.003(−0.009) 0.007
4.2 −0.066(0.034) 0.114(−0.004) 0.013(−0.009) 0.019

ε0(�ε) (mm s−1) 295 0.044 (0.056) 0.110 (0.007) −0.070 (0.082) 0.070
225 0.063 (0.083) 0.140 (−0.003) 0.000 (0.031) 0.099
155 0.070 (0.070) 0.081 (0.009) 0.013 (0.013) 0.083
85 0.113 (0.057) 0.145 (0.009) 0.031 (0.002) 0.115
4.2 0.107 (0.057) 0.147 (0.009) 0.048 (0.002) 0.119

a Relative to room temperatureα-iron foil.

are potential candidate permanent magnet materials and exhibit a wide variety of magnetic
behaviour. Hence, they are of interest both for technological and fundamental studies.

The authors have systematically studied [1–9] the crystallographic, magnetic and
Mössbauer spectral properties of the RFe11Ti and RFe11TiH compounds, where R is Ce, Pr, Nd,
Sm, Gd, Tb, Dy, Ho, Er and Lu, between 4.2 and 295 K. Except for CeFe11Ti and CeFe11TiH,
the Mössbauer spectra have all been analysed with a consistent model that considers both the
easy magnetization direction and the distribution of titanium in the near-neighbour environment
of the three crystallographically inequivalent iron sites in these compounds. The earlier,
different, analysis [1] of the Mössbauer spectra of CeFe11Ti and CeFe11TiH is revised in
section2 of this paper.

From the earlier M̈ossbauer spectral work [1–9], extensive information has been obtained
on the hyperfine parameters of the RFe11Ti and RFe11TiH compounds and, consequently, it
is of value to examine their variation as a function of rare-earth element, temperature and
hydrogen content; see section3. A summary of the crystallographic and magnetic properties
of these compounds, together with a phenomenological model for the magnetic anisotropy and
its temperature dependence is presented in a companion paper [10] to this paper.

2. Mössbauer spectra of CeFe11Ti and CeFe11TiH

The Mössbauer spectra of CeFe11Ti and CeFe11TiH obtained between 4.2 and 295 K are shown
in figures1(a) and (b), respectively. The spectra have been analysed with a model [2–9] that
considers both the axial easy magnetization direction and the distribution of titanium in the
near-neighbour environment of the three crystallographically inequivalent iron sites. Hence,
nine sextets are required to satisfactorily fit the spectra. Three sextets with 6.47, 10.79 and
9.58% areas represent the 8i site, whereas three sextets each, with 11.51, 15.34 and 9.38 per
cent areas represent the 8f and 8j sites. The fits obtained with this model are very good as
is shown in figures1(a) and (b). The hyperfine parameters for CeFe11Ti and CeFe11TiH are
given in tables1 and2. The estimated errors are at most±0.2 T for the hyperfine fields,
±0.01 mm s−1 for the isomer shift and±0.02 mm s−1 for the quadrupole shift. The fitted line
widths were typically about 0.36 mm s−1.
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Figure 1. The Mössbauer spectra of CeFe11Ti, (a), and CeFe11TiH, (b), obtained at the indicated
temperatures.

The adequacy of the model is further supported by the temperature dependencies of the
hyperfine parameters. The temperature dependence of the maximum hyperfine field, the field
measured at an iron which has zero titanium near neighbours, and of their weighted average,
in CeFe11Ti and CeFe11TiH is shownin figures2(a) and (b), respectively. The solid lines are
the result of a least-squares fit [11] with the equation

B = B0[1 − C3/2(T/TC)3/2 − C5/2(T/TC)5/2],

where B0 and TC are the saturation field and Curie temperature, respectively. Curie
temperaturesof 487 and 542 K were used [12] for CeFe11Ti and CeFe11TiH, respectively.
TheC3/2 andC5/2 coefficients are equal to 0.06± 0.02 and 0.45± 0.10, and 0.15± 0.02 and
0.35±0.03, for CeFe11Ti and CeFe11TiH, respectively. Similar values have been obtained [2–9]
for the other RFe11Ti and RFe11TiH compounds.
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Figure 2. The temperature dependence of the maximum hyperfine field at the three iron sites, and
their weighted average, in CeFe11Ti, (a), and CeFe11TiH, (b). The solid lines are the result of the
fit described in the text.

Table 2. Mössbauer spectral hyperfine parameters for CeFe11TiH.

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

H0(�H ) (T) 295 25.4 (−2.9) 30.1 (−1.9) 26.7 (−2.7) 24.6
225 27.2 (−3.0) 32.3 (−2.0) 28.7 (−3.0) 26.4
155 28.5 (−3.0) 33.4 (−1.9) 30.0 (−3.1) 27.7
85 29.3 (−3.1) 34.1 (−1.9) 30.9 (−3.2) 28.4
4.2 29.7 (−3.1) 34.4 (−1.9) 31.2 (−3.2) 28.7

δa
0(�δ) (mm s−1) 295 −0.145(0.024) −0.064(0.031) −0.104(−0.009) −0.092

225 −0.084 (0.027) 0.017 (0.014) −0.046(−0.014) −0.034
155 −0.051(0.030) 0.042 (0.023) 0.000 (−0.015) 0.005
85 −0.016(0.027) 0.071 (0.031) 0.028 (−0.015) 0.037
4.2 −0.007(0.027) 0.076 (0.031) 0.036 (−0.015) 0.045

ε0 (�ε) (mm s−1) 295 −0.025(0.114) 0.018 (0.095) 0.020 (0.072) 0.096
225 −0.014 (0.125) 0.039 (0.073) 0.031 (0.051) 0.100
155 0.016 (0.128) 0.013 (0.093) 0.061 (0.012) 0.108
85 0.020 (0.150) 0.031 (0.088) 0.107 (−0.021) 0.126
4.2 0.027 (0.150) 0.034 (0.088) 0.109 (0.089) 0.130

a Relative to room temperatureα-iron foil.

The temperature dependence of the site average isomer shift at the three iron sites,and their
weighted average, is shown in figures3(a) and (b) for CeFe11Ti and CeFe11Ti H, respectively.
In agreement with the second-order Doppler shift, all isomer shifts decrease with increasing
temperature. The fit of the temperature dependence of the weighted average isomer shift with
the Debye model yields the expected [13, 14] effective vibrating mass of 57 g mol−1 and an
effective Mössbauer temperature of 362 and 334 K for CeFe11Ti and CeFe11TiH, respectively.
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Figure 3. The temperature dependence of the site average isomer shift at the three iron sites, and
their weighted average, in CeFe11Ti, (a), and CeFe11TiH, (b). The solid line for the weighted
average isomer shift is the result of a fit with the Debye model for the second-order Doppler shift.

The sequence of isomer shifts, 8i> 8j > 8f, follows the sequence of decreasing Wigner–
Seitz cell volumes [15] in both compounds. The increase of 0.03 mm s−1 in weighted average
isomer shift upon hydrogenation results from the unit-cell expansion of 4 Å3. The increase in
the 8f isomer shift is larger than the increases in the 8i and 8j isomer shifts.

3. Analysis of the hyperfine fields

The average hyperfine fields measured at 4.2 and 295 K in RFe11Ti and RFe11TiH as a function
of the atomic number of the rare-earth element, R, are shown at the top of figure4. The trends
are slightly different at 4.2 and 295 K, mainlybecause of the rather low Curie temperature
when R is Ce and Lu. At 4.2 K the average hyperfine field increases from Ce to Pr, is nearly
constant from Pr to Dy, and decreases from Dy to Lu. The goal of the present study is to
determine the origin of this dependence and toidentify the mechanisms involved, be they
steric, electronic and/or magnetic. In the lower two panels of figure4, theunit-cell volume
and the Curie temperature of the RFe11Ti and RFe11TiH compounds are plotted as a function
of the atomic number of the rare-earth element, R. Clearly, the R dependence of the average
hyperfine field measured at 4.2 and 295 K and that of the unit-cell volume are quite different.
Hence, a steric effect alone cannot explain the observed R dependence of the average hyperfine
field. In contrast, the R dependence of the average hyperfine field measured at 295 K and that
of the Curietemperature are very similar.

The model developedby Piqueret al [16] to analyse the hyperfinefields in the RFe11.5Ta0.5

compounds can be applied to analyse the R dependence of the average hyperfine field in the
RFe11Ti and RFe11TiH compounds. The hyperfine field at the iron nucleus, in the absence of
an external field, can be written as

Bhf(k) = Bc + Borb + Bdip = Bcp + B4s + Bt + Borb + Bdip

= αµFe(k) + βµFe(k) + ζFe(k)ZFe(k)〈µFe〉1nn + ζR(k)γRnRFeµR + Banis. (1)
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Figure 4. From top to bottom, the 4.2 K, squares, and 295 K, circles, average hyperfine field,
the unit-cell volume, and the Curie temperature, in RFe11Ti, solid symbols, and RFe11TiH, open
symbols, asa function of rare-earth atomic number.

The Fermi contact field,Bc, is made up by the sum of three terms,Bc = Bcp + B4s + Bt.
The core polarization term,Bcp [17–22], arises from the polarization of the 1s, 2s and 3s
core electron spin density by the 3d electrons of the central atom or ion and is proportional
to the 3d magnetic moment. So, it can be written asBcp(k) = αµFe(k), whereµFe(k) is
the localmagnetic moment, inµB, of the iron at thek site andα, in T/µB, is the field at
the nucleus produced by a 3d local iron moment of one Bohr magneton,µB. The B4s term
represents [17, 18] the contribution to the fieldarising from the polarization of the 4s spin
density by the 3d electrons of the central atom or ion. Consequently, for an iron atom or ion
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at a given site,k, this term can be written [19, 20] as B4s(k) = βµFe(k) whereβ, in T/µB,
mainly depends [19] on thenumber of 4s spins that contribute to the polarization and the
magnitude of the 4s–3d intra-atomic exchange interaction. TheBt term is usuallyreferred to
as the transferred hyperfine field and represents the contribution arising from the polarization
of the 4s spin density by the magnetic moments of the first neighbours, a polarization that
occurs because the 4s electrons are much more delocalized than the core electrons. Because
the first neighbours may be either iron or rare-earth atoms or ions, this term can be written as
the sumof two contributions,

Bt = BtFe + BtR. (2)

By using a mean field approximation, the iron sublattice transferred field,BtFe, may beassumed
to be proportional to the average magnetic moment of the iron in the first-neighbour shell,
〈µFe〉1nn, and to the number of iron first neighbours,ZFe(k), with a proportionality factor,
ζFe(k), in T/µB, that may be different for each iron site, a factor that depends on the number
of 4s spins contributing to the polarization, on the intensity of the interatomic 3d–4s exchange
interaction and on the particular magnetic and crystallographic environment of the iron site.
The rare-earth transferred field,BtR, is assumed to resultfrom the polarization, by the rare-
earth 4f electrons, of the rare-earth 5d electrons that are hybridized with the iron 3d electrons.
Under this assumption,BtR is proportional to the exchange field acting on the iron,

BtR = ζR(k)γRnRFeµR, (3)

whereγR = 2(gJ − 1)/gJ, µR is the rare-earth magnetic moment,nRFe is the iron–rare-
earth exchange coefficient andζR(k) is a proportionality factor, in T/µB, whichdepends both
on the number of 4s spins contributing to the polarization and on the particular magnetic and
crystallographicenvironmentof the iron atom or ion. The remaining terms in equation 1 are the
dipolar and orbital contributions to the hyperfine field. These contributions are anisotropic, i.e.,
theydepend upon the relative orientation of the magnetization, the magnetic axis and the local
principal symmetry axis. For a compound withaxial symmetry the dipolar term can be written
as Bdip = −2µB〈S〉〈r−3〉〈3 cos2 θ − 1〉, whereθ is the angle between the magnetic moment
direction andthe principal axis of the electric field gradient tensor at a given iron site. The last
term, Borb, is the magnetic field at the nucleus resulting from the orbital angular momentum,
L, of the unpaired electrons and is given byBorb = −2 µB〈L〉〈r−3〉. For the 3d elements, the
crystalline electric field nearly quenches the orbital magnetic moment, but a residual orbital
moment may remain and may be related to the spin moment by〈L〉 = (γ − 2)〈S〉, whereγ

is the Land́e electronic factor. The difference in theγ factors for the directions parallel and
perpendicular to the principal symmetry axis of a given site gives rise to the anisotropy of the
orbital contribution to the field [23]. These two anisotropic contributions,Borb andBdip, are
combined into a single contribution,Banis in equation (1).

If the values ofµFe(k) are known at different temperatures, the above model can be
used [16] to obtain theβ and ζFe(k) parameters and the different contributions to〈Bhf〉.
Unfortunately, the values ofµFe(k) are not known for the RFe11Ti compounds. However,
the model can be used to analyse theorigin and the probable contribution of the rare-earth
transferred field,BtR. By using the average for the three inequivalent crystallographic iron
sites in equation (1), the expression for the total average hyperfine field is

〈Bhf 〉 = [〈α〉 + 〈β〉 + 〈ζFe〉]〈µFe〉 + 〈BtR〉 + 〈Banis〉. (4)

To a first approximation, theBtR term can be estimated by using a two-sublattice model, i.e.,
by assuming that, in a magnetic rare-earthcompound, the total hyperfine field can be written
as

〈Bhf 〉 = BFe + BtR, (5)
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where BFe and BtR represent the independent contributions from the iron and rare-earth
sublattices, respectively. In the two-sublattice model, the iron sublattice contribution is taken
as the experimental value of〈Bhf〉 of LuFe11Ti and LuFe11TiH for the RFe11Ti and RFe11TiH
compounds, respectively, because lutetium is a non-magnetic rare earth.

Some precautions must be taken when applying the two-sublattice model. Specifically,
it has beenobserved [24] that the orbital contribution to the field is different in the axial and
canted magnetic phases of Nd2Fe14B. Hence, the orbital and anisotropic contribution to the
field in the RFe11Ti and RFe11TiH compounds may also be different in the axial and basal
magnetic phases of these compounds; contributions of between 0.1 and 3.7 T are expected.
Consequently, within the two-sublattice model, an additional anisotropic contribution, not
included inBFe, may exist but cannot be determined from the experimental results. Moreover,
this contribution may be of the same order ofmagnitude asBtR and its omission may lead
to large errors in the determination ofBtR. In view of this problem, we believe that the
two-sublattice model is only applicable to the axial RFe11Ti and RFe11TiH compounds.

In conclusion, for theaxialRFe11Ti and RFe11TiH magnetic compounds, the totalmagnetic
hyperfine field can be written as

〈Bhf 〉 = BFe + 〈ζR〉γRnRFeµR, (6)

whereBFe is the iron sublattice contribution, i.e., the average hyperfine field measured for
LuFe11Ti or LuFe11TiH, respectively.

The 4.2 and 295 K average hyperfine field values in the RFe11Ti compounds are shown
in figure5(a) as a function of theγRnRFeµR product. An identical plot showing the results
for only the axial RFe11Ti compounds is shown in figure5(b). At 4.2 K ErFe11Ti exhibits a
canted magnetic phase with a very small canting angle and it has been assumed to be axial in
this figure. Similar plots are shown in figures6(a) and (b) for the RFe11TiH compounds. In
figures5 and6, the values ofnRFe are obtained from the Curie temperatures and the values of
µR are the effective rare-earth magnetic moments which are given bygJJ . It should be noted
that a decrease in the rare-earth magnetic moment has been reported [25] upon hydrogenation
of the RFe11Ti compounds.

As is shown in figures5(b) and6(b), the average hyperfine fields in the axial compounds
varylinearly with the productγRnRFeµR, in agreement with equation (6). Further, the intercept,
BFe, is ingood agreement with the measured average hyperfine field in LuFe11Ti and LuFe11TiH
both at 4.2 and 295 K. More specifically, the intercepts in figures5(b) are 27.1 and 23.1 T and
the average hyperfine fields in LuFe11Ti are27.0 and 22.9 T, at 4.2 and 295 K, respectively,
whereas the intercepts in figure6(b) are 28.6 and 24.6 T and the average hyperfine fields in
LuFe11TiH are28.8 and 24.7 T at 4.2 and 295 K, respectively. In figure5(b), the slopes of
the straight line, i.e., the proportionality factor,ζR, are 0.021 and 0.029 T/µB, at 4.2 and
295 K, respectively, whereas in figure6(b), the slopes are 0.014 and 0.025 T/µB, at 4.2
and 295 K, respectively. The variation inζR in going from the RFe11Ti compounds to the
RFe11TiH compounds may result from the change in electronic structure as a consequence of
the hydrogen insertion. However, this variation must be interpreted with caution because, if the
rare-earth magneticmoment issmaller [25] in the RFe11TiH compounds than in the RFe11Ti
compounds, a different larger proportionality factor,ζR, will be obtained. For comparison, a
value of 0.015 T/µB is found [16] in the RFe11.5Ta0.5 compounds.

Li et al [20] have proposed, on the basis of RKKY interactions, that the rare-earth
transferred hyperfine field contribution,BtR, results from the polarization of the 4s iron
electrons by the 4f rare-earth moments and, hence, is proportional to(gJ − 1)JR. With this
hypothesis, the average hyperfine field can be written as

〈Bhf 〉 = BFe + 〈ζ RKKY
R 〉(gJ 1)JR. (7)
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The 4.2 K average hyperfine fields in the RFe11Ti compounds are plotted as a function of the
product(gJ − 1)JR in figure7(a). In this plot no linear dependence is observed as would be
predicted by equation (7). Further, according to equation (7), BtR should have a different sign
for the light and heavy rare earths. Hence, the average hyperfine field should be smaller for
the light rare-earth compounds, in disagreement with the experimental results. Even if the
average hyperfine field is plotted as a function of the modulus of(gJ 1)JR, see figure7(b), no
linear dependence is observed.

The rare-earth dependence of the transferred hyperfine field on a diamagnetic atom or
ion in a compound such as a rare-earth phosphide, RP, has been successfully described [26]
by considering the rare-earth orbital contribution to the hyperfine field. The application of
equation (12) found in [26], with H01 = −1 T, H10 = 0.08 T andH21 = 0.5 T, to the rare-
earth dependence of the hyperfine field in the RFe11Ti and RFe11TiH compounds is shown
in figure8. In this figure the observed hyperfine field must be assumed to be negative in
order to give the rare-earth dependence of equation (12) for the heavy rare earths. The fit
of the experimental data for the heavy rare earths is good but the fit for the light rare earth
is very poor. There are several possible reasons for this poor agreement. First, the RFe11Ti
and RFe11TiH compounds contain transition metals with3d electrons, in contrast with the
compounds discussed in [26]. Second, in [26], the rare-earth iron exchange parameter,nRFe,
was assumed to be constant throughout the rare-earth series, an independence that is not found
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Figure 6. The 4.2and 295 K average hyperfine field in the RFe11TiH compounds for all R elements,
(a), and for the indicated rare-earth elements, (b), as a function of the productγRnRFeµR. Thesolid
and open symbols indicate the axial and planar easy magnetization directions, respectively.

in the RFe11Ti compounds. Finally, the model in [26] predicts different signs for the transferred
field from light and heavy rare earths, a change of sign that is not observed in the RFe11Ti
compounds.

In conclusion, the rare-earth dependence of the hyperfine field measured at the iron site
and hence of the rare-earth transferred fieldcan only be explained by assuming that the rare-
earth transferred field results from the polarization of the iron 4s electrons through an indirect
mechanism, i.e., polarization by the rare-earth 4f electrons, of the rare-earth 5d electrons
that are hybridized with the iron 3d electrons, as has been previously reported [16] for the
RFe11.5Ta0.5 compounds. This conclusion follows because the hyperfine fields of the light
rare-earth members of the RFe11Ti compounds have been measured and cannot be explained
either by the model of Liet al [20] nor by the orbital contribution to the field [26]. In contrast,
the model described herein successfully explains the rare-earth dependence of the hyperfine
field in both the RFe11Ti and RFe11TiH compounds and in the RFe11.5Ta0.5 compounds [16].

The increase in the 4.2 K average hyperfine field and the expansion in the 295 K unit-cell
volume upon hydriding, are shown in figure9 as a function of rare-earth atomic number. With
the exception of terbium, a very good correlation between the increases in the two parameters is
observed. Hence, the increase in average hyperfinefield upon hydrogenationresults essentially
from the unit-cell expansion.
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(12) in [26] with the parameters given in the text.

4. Analysis of the isomer shifts

The 4.2 K weighted average isomer shift is shown as a function of rare-earth atomic number
for the RFe11Ti and RFe11TiH compounds in figure10. Within the experimental error limits,
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Figure 10. The 4.2 K average isomer shift in the RFe11Ti, closed squares, and RFe11TiH, open
squares, compounds as a function of the rare-earth atomic number. The straight lines are linear fits
excluding the Ce and Ho data points.

the average isomer shift decreases from Pr to Lu as expected as a result of the lanthanide
contraction. It should be noted that the solid line fits in figure10exclude cerium and holmium.
Alternatively, a plot of the 4.2 K weighted average isomer shift as a function of the unit-cell
volume ofthe RFe11Ti and RFe11TiH compounds shows a linear behaviour with a slope of
0.002 75(mm s−1) Å−3. The well-known influence of the iron site volume on the isomer shift
has been quantified [27] in thepast forα-iron as the ratio of the change in isomer shift over the
change in the logarithm of the volume. In the RFe11Ti and RFe11TiH compounds, this ratio is
0.89 and 1.00 mm s−1, respectively. These values are only slightly smaller than the value of
1.3 mm s−1 reported forα-iron.

The increase in both the weighted average isomer shift and the unit-cell volume, upon
hydriding, are shown as a function of rare-earth atomic number in figure11. With the exception
of erbium and lutetium, both increases show similar trends. Hence, the increase in the average
isomer shift results mainly from the unit-cell expansion upon hydrogenation.
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of the RFe11Ti compounds as a function of the rare-earth atomic number.
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RFe11TiH, (b), compounds.

5. Analysis of the quadrupole shifts

The temperature dependence of the average quadrupole shift in the RFe11Ti and RFe11TiH
compounds is shown in figures12(a) and (b), respectively. All the RFe11TiH compounds
which undergo a spin-reorientation transition exhibit a change in the average quadrupole shift
at the spin-reorientation temperature. Further, all the RFe11Ti and RFe11TiH compounds with
an axial easy magnetization direction exhibit a positive average quadrupole shift of about
0.1 mm s−1, whereas compounds with a planar easy magnetization direction exhibit a negative
average quadrupole shift of about−0.05 mm s−1. Finally, HoFe11TiH, which has a canted
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magnetic phase with a relatively large value of the canting angle below its spin-reorientation
temperature, exhibits an essentially zero average quadrupole shift.

6. Conclusions

In this paper, we have shown that the average hyperfine field measured in the RFe11Ti and
RFe11TiH compounds can be written as a sum of two contributions. The first contribution arises
from theiron sublattice and is equal to the average field measured in LuFe11Ti or LuFe11TiH.
The second contribution is a transferred hyperfine field from the magnetic rare-earth sublattice.
This transferred field is proportional to the productγRnRFeµR, whereγR is 2(gJ − 1)/gJ, µR

is the rare-earth magnetic moment,nRFe is the iron–rare-earth exchange coefficient, andµR

is the rare-earth effective magnetic moment. The proportionality factor,ζR(k), is equal to
0.0021 and 0.0014 T/µB at 4.2 K, for the RFe11Ti and RFe11TiH compounds, respectively.
This dependence could be established because the hyperfine fields were measured both for the
light and heavy rare earths. It indicates that the transferred hyperfine field has its origin in an
indirect polarization mechanism of the iron 4s electrons, a mechanism that takes place through
the polarization of the iron 3d electrons that are hybridized with the rare-earth 5d electrons,
electrons that are themselves polarized by the rare-earth 4f electrons.

The increase in the average hyperfine field and the average isomer shift uponhydrogenation
of the RFe11Ti compounds result mainly from the unit-cell expansion. The rare-earth
dependence of the average isomer shift reflects thelanthanide contraction. Finally, the average
quadrupole shift is closely related to the easy magnetization direction, a positive or negative
value indicates an axial or planar easy magnetization direction, respectively, and a close to
zero value indicates a large canting angle of theeasy magnetization direction.
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