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Abstract

The Mossbauer spectra of Celr€ and G=Feq;TiH obtained between 4.2

and 295 K are analysed in terms of the model used to analyse the spectra
of the RFe,Ti and RFg;TiH compounds, where R is Pr, Nd, Sm, Gd, Tb,
Dy, Ho, Er and Lu. The hyperfine parameters obtained with a consistent
modd tha condders both the easy magnetization direction and the titanium
preferential site occupancy are dissad as a function ofare-earth atomic
number, temperature and hydrogen content. The average hyperfine fields in the
RFe;Ti and RFe;1TiH compounds are described with a two-sublattice model

in which the iron sublattice contributions coincide with the fields observed in
LuFe;Tiand LuFe;TiH, respectively. In both series, the rare-earth sublattice
contributes a transferred field whidtcurs as a result of indirect exchange
between the rare-earth 4f and iron 3eéa&lons and depends on the nature of
the rare-earth element. The increase in average hyperfine field and isomer
shift upon hydrogenation of the REdi compounds results from the unit-cell
expansion upon hydride formation. The observed average quadrupole shift is
closely related to the magneticiaatropy exhibited by each compound.

1. Introduction

The series of RReTi compounds and their hydrides, RFEH, where R is a rare-earth
element, all of which crystallize in the ThMsu structure with thel 4/mmm space group,
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Table1l. Mossbhauer spectral hyperfine parameters for gdke

Parameter T (K) 8f 8i 8j Wt av.
Ho(AH) (T) 295 23.4(—-2.5) 28.9(-1.7) 24.6(—2.4) 22.9
225 254 (-2.7) 30.7 (-1.9 26.8 (—2.7) 24.9
155 269 (—-2.8) 323 (-1.8) 283 (-2.8) 26.4
85 279 (-2.9) 334 (-1.9) 293 (-2.9) 27.3
4.2 284 (2.9 338 (-1.9) 298 (-2.9) 27.8
83(A8) (mm s1) 295 —0.200(0.035 —0.007(—0.009 —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
eo(Ae) (mm s 295 0.044 (0.056) 0.110 (0.007) —0.070(0.082 0.070
225 0.063 (0.083) 040 (—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 temperatureiron 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-§] the crystallographic, magnetic and
Mossbauer spectral properties of the RFeand RFe; TiH compounds, where Ris Ce, Pr, Nd,
Sm, Gd, Th, Dy, HpEr and Lu, betwen 4.2 and 295 K. Except for Celr€ and GeFq;TiH,
the Mossbauer 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 ] of the Mossbauer spectra of Cek€& and GeFq;TiH is revised in
section2 of this paper.

From the earlier Mdssbauer spectral work-|9], extensive information has been obtained
on the hyperfine parameters of the RA@ and RFe;TiH compounds and, consequently, it
is of value to examine their variation as a ftina of rare-earth eleent, temperature and
hydrogen content; see sectiBnA summary of the crystallographic and magnetic properties
of these compounds, together with a phenomenological model for the magnetic anisotropy and
its temperature dependence iegented in a companion papéf] to this paper.

2. Mosshauer spectra of CeFep1Ti and CeFey; TiH

The Mossbauer spectra of Celr€ and GeFq; TiH obtained between 4.2 and 295 K are shown

in figuresl(a) and (b), respectively. The spechave been analysed with a modat§ 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 n figuresl(a) and (b). The hyperfine parameters for GglFeand GeFq1TiH are

given in tablesl and2. The esimated errors are at mogt0.2 T for the hyperfine fields,

+0.01 mm s for the isomer shift ane-0.02 mm s* for the quadrupole shift. The fitted line
widths were typically about.86 mm s*.
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Figure 1. The Mossbauer spectra of Cefr&i, (a), and CeFgTiH, (b), obtained at the indicated
temperatures.

The adequacy of the model is further supported by the temperature dependencies of the
hyperfine parameters. The temperature deeace of the maximum hyperfine field, the field
measured at an iron which has zero titaniueamneighbours, and of their weighted average,
in CeFa;Ti and GeFq1TiH is shownin figures2(a) and (b), respectively. The solid lines are
the result of a least-squares fitl] with the equation

B = Bo[1 — Ca/2(T/Te)*? — Cs2(T/Tc) ¥,
where By and Tc are the saturation field and Curie tpemature, respectively. Curie
temperaturesf 487 and 542 K were used ?] for CeFqTi and GeFq;TiH, respectively.
TheCz/» andCs), coefficients are equal ta@ 4 0.02 and 045+ 0.10, and 015+ 0.02 and

0.35+0.03, for CeFe;Tiand GeFq 1 TiH, respectively. Similar values have been obtain2dd
for the other RFgTi and RFe1TiH compounds.
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Figure 2. The ttmperature dependence of the maximum hfpe field at the three iron sites, and
their weighted average, in Cef1&i, (a), and CeFgTiH, (b). The sdid lines are the result of the
fit described in the text.

Table 2. Mdssbhauer spectral hyperfine parameters for Gad.

Parameter T (K) 8f 8i 8j Wt av.
Ho(AH) (T) 295 254 (-2.9) 301 (-1.9) 26.7 (-2.7) 24.6
225 272 (-3.0 323 (-2.0) 28.7 (-3.0) 26.4
155 285 (3.0 334 (-1.9) 30.0(-3.1) 27.7
85 293 (-3.1) 341 (-1.9) 309 (-3.2) 28.4
4.2 297 (-3.1) 344 (-1.9) 312 (-3.2 28.7
823(A8) (mm s 295 —0.145(0.024 —0.064(0.03D —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) MO0 (—0.015 0.005
85 —0.016(0.027 0.071 (0.031) ®M28(—0.015 0.037
4.2 —0.007(0.027 0.076 (0.031) 36 (—0.015 0.045
0 (Ae) (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) 107 (—-0.021) 0.126
4.2 0.027 (0.150) 0.034 (0.088) 0.109 (0.089) 0.130

@ Relative to room temperatureiron foil.

The temperature dependence of the site average isomer shift at the three iron sites, and their
weighted average, is shown in figui&g) and (b) for CeFgTi and GeFeTi H, respectively.
In agreement with the second-order Doppler shift, all isomer shifts decrease with increasing
temperature. The fit of the temperature depewdef the weighted average isomer shift with
the Débye model yields the expectetld, 14] effective vibrating mass of 57 g ntdl and an
effective Mossbauer temperature of 362 and 334 K for GgHend GeFa; TiH, respectively.
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Figure 3. The temperatie dependence of the site average isomer shift at the three iron sites, and
their weighted average, in Cef@i, (a), and CeFgTiH, (b). The sdid line for the weighted
average isomer shift is the result of a fit witretbebye model for the second-order Doppler shift.

The sequence of isomer shifts, 8i 8] > 8f, follows the sequence of decreasing Wigner—
Seitz cell volumes]5] in both compounds. The increase dd® mm s in weighted average
isomer shift upon hydrogenation results from the unit-cell expansion of 4TAe incease in
the 8f isomer shift is larger than the increases in the 8i and 8j isomer shifts.

3. Analysis of the hyperfinefields

The average hyperfine fields measured at 4.2 and 295 K imRiFeend RFe; TiH as a tinction

of the atomic number of the rare-earth element, R, are shown at the top of4igline tends

are slightly different at 4.2 and 295 K, mainbecause 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 anddentify the mechanisms involved, be they
steric, ekctronic and/or magnetic. In the lower two panels of figdiréhe unit-cell volume

and the Curie temperature of the RFE and RFe;1TiH compounds are plotted as a function

of the atomic number of the rare-earth eleméh 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 developed by Piquetral [16] to analyse the hyperfine fields in the RiteTag 5
compounds can be applied to analyse the R dependence of the average hyperfine field in the
RFeTi and RFe,TiH 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+ BAs+ Bt + Borb+ Bdip
= aure(K) + Bure(K) + Zre(K) Zre(K) (1tre) 1nn + CR(K) YRNRFeUR + Banis 1)
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Figure 4. From top to bottom, the 4.2 K, squaresda205 K, circles, average hyperfine field,
the unit-cell volume, and the Curie temperature, in RFg sdid symbok, and RFg TiH, open
symbols, ag function of rare-earth atomic number.

The Fermi contact fieldB., is made up by the su of three termsB; = By + Bas + B:.

The core polarization termB, [17-23, 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 writtenBagk) = aure(K), whereure(k) is

the localmagnetic moment, img, of the iron at thek site andw, in T/ug, is the field at

the nucleis produced by a 3d local iron moment of one Bohr magnegign, The Bss term
represents7, 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 sitek, this term can be written[9, 20] as Bss(k) = Bure(k) wWherep, in T/ug,
mainly depends19] on the number of 4s spins that contribute to the polarization and the
magnitude of the 4s—3d intra-atomic exchange interaction.Bftherm 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 melcedlized 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 = Bire + Bir. )
By using a mean field approximation, the iron sublattice transferred Bgld may beassumed
to be proportional to the average magnetic moment of the iron in the first-neighbour shell,
(Fe)1nn @nd to the number of iron first neighbourdg.(k), with a proportionality factor,
Zre(K), in T/ug, 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 fielBig, is assumed to resufrom the polarization, by the rare-
earth 4f electrons, of the rare-earth 5d electrons that are hybridized with the iron 3d electrons.
Under this assumptiorB is proportional to the exchange field acting on the iron,

Bir = ¢r(K)YRNRFeUR, ()
whereyr = 2(g; — 1)/d3 ur is the rare-earth magnetic momenkee is the iron—rare-
earth exchange coefficient angl(k) is a proportionality factor, in Tug, whichdepends both
on the number of 4s spins contributing to the polarization and on the particular magnetic and
crystallographic environmentof the iron atom orion. The remaining termsin 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 wétkial symmetry the dipolar term can be written
asBgip = —2us(S)(r 3)(3cof 6 — 1), whered is the angle between the magnetic moment
direction andhe principal axis of the electric field gradient tensor at a given iron site. The last
term, By, is the magnetic field at the nucleus resulting from the orbital angular momentum,
L, of the unpaired electrons and is given By, = —2 ug(L)(r ~3). For the 3 elemens, the
crystalline electric field nearly quenches the orbital magnetic moment, but a residual orbital
moment may remain and may be related to the spin momeftit by= (y — 2)(S), wherey
is the Lan@ electronic &ctor. The difference in the 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 field43]. These two anisotropic contributionBe, and Bgip, are
combined into a single contributioBgpisin equation ).

If the values ofure(k) are known at different temperatures, the above model can be
used [L6] to obtain thes and ¢re(k) parameters and the different contributions(®ys).
Unfortunately the vdues of uge(k) are not known for the RReTi compounds. However,
the model can be used to anaytheorigin and the probable contribution of the rare-earth
transferred fieldBr. By using the aveige for the three inequivalent crystallographic iron
sites in equationl), the expression for the total average hyperfine field is

(Bnt) = [{ar) +(B) + (¢re)] (tre) + (Br) + (Banis)- (4)
To a first @proximation, theBir term can be estimated by using a two-sublattice model, i.e.,

by assuming that, in a magnetic rare-eampound, the total hyperfine field can be written
as

(Bnf) = Bre*+ B, (%)
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where Bre and B 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 By¢) of LuFe;;Ti and LuFg1TiH for the RFg1Ti and RFe; TiH
compounds, respectively, becausetium is a non-magnetic rare earth.

Some precautions must be taken when applying the two-sublattice model. Specifically,
it has beerobserved24] that the orbital contribution to the field is different in the axial and
canted magnetic phases of M 4B. Hence, the orbital and amisopic contribution to the
field in the RFe;Ti and RFe;TiH 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 inBge, may exist but cannot be determined from the experimental results. Moreover,
this contribution may be of #thsame order ofnagnitude a3 and its omission may lead
to large errors in the determination &g. In view of this poblem, we bbeve that the
two-sublattice model is only applicable to the axial RH&and RFe,TiH compounds.

In conclusion, for the axial Rkl and RFe1 TiH magnetic compounds, the total magnetic
hyperfine field can be written as

(Bnf) = Bre* {¢R)YRNRFelR, (6)

where B is the iron sublattice contribution, i.ehe average hyperfine field measured for
LuFe;Ti or LuFe; 1 TiH, respectively.

The 4.2 and 295 K average hyperfine field values in the;RFeompounds are shown
in figure5(a) as a function of thernrreitr product. An identical plot showing the results
for only the axial RFg Ti compounds is shown in figuib). At 4.2 K ErFeq;Ti 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 figuré&) and (b) for the RRgTiH compounds. In
figuresb and6, the vdues ofngre are obtained from the Curie temperatures and the values of
uR are the effective rare-earth magnetic moments which are givepyit should be noted
that a decrease in the rare-earth magnetic moment has been re@8}tapldn hydrogenation
of the RFg;Ti compounds.

As is show in figures5(b) and6(b), the average hyperfine fields in the axial compounds
varylinearly with the productrnrreitr, in agieement with equatiorgy. Further, the intercept,
Bre, isingood agreement with the measured average hyperfine field in {TiBed LuFq; TiH
both at 4.2 and 295 K. More specifically, the intercepts in figb(b¥are 27.1 and 23.1 T and
the average hyperfine fields in Lukgli are27.0 and 22.9 T, at 4.2 and 295 K, respectively,
whereas the intercepts in figuééb) are 28.6 and 24.6 T and the average hyperfine fields in
LuFe;TiH are28.8 and 24.7 T at 4.2 and 295 K, respectively. In figh(te), the slopes of
the straight line, i.e., the proportionality factggr, are 0021 and 0029 T/ug, at 4.2 and
295 K, respectively, whereas in figué¢b), the slopes are 0.014 andd@5 T/ug, at 4.2
and 295 K, respectively. The variation & in going from the RFgTi compounds to the
RFe ;1 TiH compounds may result from the change in electronic structure as a consequence of
the hydrogeninsertion. However, this variatioust be interpreted with caution because, if the
rare-earth magnetimoment issmaller R5] in the RFg;TiH compounds than in the REdi
compounds, a different larger proportionality factgy, will be obtained. For comparison, a
value of Q015 T/ug is found [16] in the RFg15Tags compounds.

Li et al [20] have proposed, on the basis of RKKY interactions, that the rare-earth
transferred hyperfine field contributiofr, resuts from the polarization of the 4s iron
electrons by the 4f rare-earth moments and, hence, is proportiofgy to 1) Jr. With this
hypothesis, the average hyperfine field can be written as

(Bnf) = Bre + (R )(9s1) Jr. 7
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Figure5. The 42and 295 K average hyperfine field for the RFE compounds for all R elements,
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and open symbols indicate the axial and planay @aanetization directions, respectively.

The 4.2 K average hyperfine fields in the RH& compounds are plotted as a function of the
product(g; — 1) Jr in figure7(a). In this plot no linear dependence is observed as would be
predided by equation 7). Further, according to equatiof)( Bir 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 modulugf) Jr, see fgure7(b), no
linear dpendence is observed.

The rare-earth dependence of the tramsié hyperfine field on a diamagnetic atom or
ion in a compound such as a rare-earth phosphide, RP, has been successfully deXgjribed |
by considering the rare-earth orbital contribution to the hyperfine field. The application of
equation (12) found inZ6], with Hgpy = —1 T, Hip = 0.08 T andH,; = 0.5 T, to the rare-
earth dependence of the hyperfine field in the fFeand RFg;TiH compounds is shown
in figure 8. In this figure the observed hyperfine field must be assumed to be negative in
order to give the rare-earth dependenceaiation (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, théiRFe
and RFe;TiH compounds contain transition metals wd electrons, in contrast with the
compounds discussed i8€]. Second, in 26], the rare-earth iron exchange parametgg,,
was assuned to be constant throughout the rare-earth series, an independence that is not found
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inthe RFe, Ti compounds. Finally, the modeli@§] predicts dfferent signs for the transferred
field from light and heay rare earths, a change of sign that is not observed in the;RiFe
compounds.

In conclusion, the rare-earth dependence of the hyperfine field measured at the iron site
and hence of the rare-earth transferred fagd 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 rarethadf electrons, of the rare-earth 5d electrons
that are hybridized with the iron 3d electrons, as has been previously repafieidq the
RFe15Tags compounds. This conclusion follows because the hyperfine fields of the light
rare-earth members of the Rit& compounds have been measured and cannot be explained
either by the model of L&t al [20] nor by the orbital contribution to the fiel@§]. In contrast,
the model described herein successfully explains the rare-earth dependence of the hyperfine
field in both the RFe¢; Ti and RFg; TiH compounds and in the RIzg Tags compounds16].

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 figudes a function of rare-earth atomic number. With
the exception of terbium, a very good correlation between the increases in the two parametersis
observed. Hence, the increase in average hyperfine field upon hydrogenationresults essentially
from the unit-cell expansion.
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Figure7. The 42K average hyperfine field in the RE€l1 compounds as a function of the product,
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-20

hyperfine field (T)

_327 | | | | | \ \
56 58 60 62 64 66 68 70 72

rare-earth atomic number

Figure 8. The average hyperfine field in the RI€Ti compounds as a function of R, obtained at
4.2 K, squares, and 295 K, circles. The solid and dashed curves have been calculated from equation
(12) in [26] with the parameters given in the text.

4. Analysis of theisomer shifts

The 4.2 K weighted average isomer shift iogm as a @inction of rare-earth atomic number
for the RFeg;Ti and RFe;TiH compounds in figurd0. Within the experimental error limits,
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Figure 9. The increase in the 4.2 K average hyperfine field, squares, and 295 K unit-cell volume,
circles, upon hydrogenation of the Rir€ compounds as a function of the rare-earth atomic
number.
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Figure 10. The 4.2 K averge isomer shift in the RReTi, closed squares, and RRgTiH, open
sguares, compounds as a function of the rare-eaattmiatnumber. 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 figl@exclude cerium and holmium.
Alternatively, a plot of the £ K weighted average isomer shift as a function of the unit-cell
volume ofthe RFeg;Ti and RFe.TiH compounds shows a linear behaviour with a slope of
0.002 75(mm s 1) A=3. The wel-known influence of the iron site volume on the isomer shift
has been quantifie@}] in the past fora-iron as the ratio of the change in isomer shift over the
change in the logarithm of the volume. In the RH& and RFg;TiH compounds, this ratio is
0.89 and 100 mm s!, resectively. These values are only slightly smaller than the value of
1.3 mm s reported for-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 figurd/ith the exception
of erbium and lutetium, both increases showikantrends. Hence, the increase in the average
isomer shift results mainly from the unit-cell expansion upon hydrogenation.
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of the RFe1Ti compounds as a function of the rare-earth atomic number.
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Figure 12. The temperature dependence of themage quadrupole shift in the RE&i, (a), and
RFe 1 TiH, (b), compounds.

5. Analysis of the quadrupole shifts

The temperature dependence of the average quadrupole shift in theTR&®d RFeg,TiH
compounds is shown in figurd(a) and (b), respectively. All the REAiH compounds
which undergo a spin-reorientation transitiotibit a change in theveerage quadrupole shift

at the spin-reorientation temperature. Further, all the;RFFand RFe; TiH compounds with

an axial easy magnetization direction exhibit a positive average quadrupole shift of about
0.1 mm s'!, whereas compounds with a planar easy magnetization direction exhibit a negative
average quadrupole shift of abou0.05 mm s'. Findly, HoFey;TiH, which has a canted
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magnetic phase with a relatively large valueloé tanting angleddow 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 thd iR
RFe;TiH compounds can be written as a sum of two contidns. The first contribution arises

from theiron sublattice and is equal to the average field measured in;LTiF@ LuFe 1 TiH.

The second contributionis a transferred hyperfield from the magnetic rare-earth sublattice.
This transferred field is proportional to the produghrreitr, Whereyr is 2(g; — 1)/03, Ur

is the rare-earth magnetic momengg, is the iron—rare-earth exchange coefficient, angd

is the rare-earth effective magnetic moment. The proportionality fagtok), is equal to

0.0021 and @014 T/ug at 4.2 K, for the RFgTi and RFe;TiH 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 paad by the rare-earth 4f electrons.

Theincrease inthe average hyperfine field and the average isomer shift upon hydrogenation
of the RFeg;Ti compounds result mainly from the unit-cell expansion. The rare-earth
dependence of the average isomer shift reflectiatieanide contraction. Finally, the average
quadrupole shift is closely related to the easy magnetization direction, a positive or negative
value ndicates an axial or planar easy magnetizatiredion, respectively, and a close to
zero value indicates a large canting angf theeasy magnetization direction.

Acknowledgments

The financial support of the University ofége for grant number 2850006 and of the ‘Fonds de
laRecherche Fondamentale Collective’ for grant 2.4522.01 is acknowledged with thanks. This
work was partially supported by the US National Science Foundation through grants DMR95-
21739 and INT-9815138, the Min&te de la Canmunaué Frartaise de BeJique, convention
PVB/ADK/FR/ad2685 and the ‘Centre National @eRecherche Scientifique, France’ through
grants action initiative number 7418.

References

[1] Long G J, Hautot D, Grandjean F, Isnard O and Miraglia S 1299agn. Magn. Mater. 202 100
[2] Piquer C, Hermann R P, Grandjean F, Long G J and Isnard O 2089%l. Phys. 93 3414
[3] Piquer C, Grandjean F, Isnard O, Pop V and Long G J 2D@pl. Phys. 95 6308
[4] Piquer C, Isnard O, Grandjean F and Long G J 200@agn. Magn. Mater. 263 235-242
[5] Piquer C, Isnard O, Grandjean F and Long G J 200@agn. Magn. Mater. 265 156
[6] Piquer C, Grandjean F, Long G J and Isnard O 2008 Ioys Compounds 353 33-41
[7] Piquer C, Hermann R P, Grandjean F, Isnard O and Long G J 20@18/s.. Condens. Matter 15 7395
[8] Piquer C, Grandjean F, Isnard O, Pop V and Long G J 2D@Jloys Compounds 277 1
[9] Piquer C, Grandjean F, Long G J and Isnard O 2004 loys Compounds 388 6
[10] Piquer C, Grandjean F, Long G J and Isnard O 20@hys.: Condens. Matter 18 221
[11] Ok H N, Baek K S and Kim C S 198Rhys. Rev. B 24 6600
[12] Isnard O, Vulliet P, Sanchez J P and Fruchart D 1993agn. Magn. Mater. 189 47
[13] Long G J, Hautot D, Grandjean F, Morelli D T and Meisner G P 2PBgs. Rev. B 60 7410
[14] Herber R H 1984Chemical Mossbauer Spectroscopy ed R H Herber (Newfork: Plenum) p 199


http://dx.doi.org/10.1016/S0304-8853(98)01070-1
http://dx.doi.org/10.1063/1.1544087
http://dx.doi.org/10.1063/1.1736333
http://dx.doi.org/10.1016/S0304-8853(02)01570-6
http://dx.doi.org/10.1016/S0304-8853(03)00245-2
http://dx.doi.org/10.1016/S0925-8388(02)01204-5
http://dx.doi.org/10.1088/0953-8984/15/43/021
http://dx.doi.org/10.1016/j.jallcom.2004.01.028
http://dx.doi.org/10.1016/j.jallcom.2004.06.073
http://dx.doi.org/10.1103/PhysRevB.24.6600
http://dx.doi.org/10.1016/S0304-8853(98)00228-5
http://dx.doi.org/10.1103/PhysRevB.60.7410

An analysis of hyperfine parameters 219

[15]
(16]

(17]
(18]

[19]
(20]
[21]
(22]
(23]
(24]
(25]

[26]
(27]

Gelato L 1981J. Appl. Crystallogr. 14 141

Piquer C, Rubin J, BartoloenJ Kunzcer V and Filoti G 2005 in preparation

Piquer C 200PPhD Thesis University of Zaragoza

Greenwood N N and Gibb T C 19Mosshauer Spectroscopy (London: Chapman and Hall)

Thomas M F and Johnson C E 198Bsshauer Spectroscopy ed D E Dickson and F J Berry (Cambridge:
Cambridge University Press) p 143

Niculescu V A, Burch T J and Budnick J | 1983Magn. Magn. Mater. 39 223

Li ZW, Zhou X Z and Morrish A H 1992). Phys.: Condens. Matter 4 10409

Coehoorn R, Denissen C J M and Eppenga R 1B%bppl. Phys. 68 6222

Beurle T and Bhnle M 1992]. Magn. Magn. Mater. 110 L29

Kawakami M, Hihara T, Koi Y and Wakiyama T 1972Phys. Soc. Japan 33 1591

Garda L M, Chaboy J, Bartoloi Fand Goedkoop J B 200@hys. Rev. Lett. 85 429

Chaboy J, Laguna-Marco M A, Sanchez M C, Maruyama H, Kawamura N and Suzuki MP2§84Rev. B
69 134421

Dunlap B D, Nowik | and Levy P M 197®hys. Rev. B 7 4322

Williamson D L 1978Mdssbauer |somer Shifts ed G K Shenoy and F E Wagner (Amsterdam: North-Holland)
p 317


http://dx.doi.org/10.1107/S002188988100900X
http://dx.doi.org/10.1016/0304-8853(83)90084-7
http://dx.doi.org/10.1088/0953-8984/4/50/029
http://dx.doi.org/10.1063/1.348815
http://dx.doi.org/10.1016/0304-8853(92)90009-D
http://dx.doi.org/10.1143/JPSJ.33.1591
http://dx.doi.org/10.1103/PhysRevLett.85.429
http://dx.doi.org/10.1103/PhysRevB.69.134421
http://dx.doi.org/10.1103/PhysRevB.7.4232

	1. Introduction
	2. Mossbauer spectra of CeFe_11Ti and CeFe_11TiH
	3. Analysis of the hyperfine fields
	4. Analysis of the isomer shifts
	5. Analysis of the quadrupole shifts
	6. Conclusions
	Acknowledgments
	References

