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Recovery of the magnetic ordering in Y;_,Ce,Mn, induced by hydrogen absorption
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The substitution of Ce by Y in YMxnleads to the destabilization of the Mn magnetic moment and inhibits
both the transition to antiferromagnetism and the associated expansion of the crystal cell observed in pure
YMn,. We show in this work how hydrogen uptake in the_YCeMn, series gives rise to the recovery of
long-range magnetic ordering in these systems. The analysis of magnetic and x-ray-absorption spectroscopy
experiments addresses the critical role played by the modification of the Ce electronic state in the stabilization
of the Mn magnetic moment through the hybridization chanf@8163-182608)02526-0

The intermetallic Laves phad®Mn, (R=rare earth and uptake cannot be easily understood within the critical-
Y) compounds show a wide variety of magnetic behaviodistance framework. The appearance of ferromagnetism in
depending uporR. This is due to the competition between YMn, after hydrogen take up was interpreted as due to the
the localized and itinerant magnetism associated with théncrease of the lattice constant increasing with hydrogen
rare-earth and manganese sublattices, respectively. Wherezsncentratiort. Nevertheless, the magnetic moment disap-
the rare-earth sublattice orders magnetically at low tempergeears again when the lattice is significantly expanded, i.e.,
tures, the Mn sublattice appears to be close to a magnetigvhen the distance between the Mn atoms becomes too large.
nonmagnetic instability. The presence of such instabilityA different explanation of the changes R-Mn hydrides
makes the magnetic properties BMn, compounds very from paramagnetism to ferromagnetism has been given by
sensitive to external parameters such as applied pressure, affallace, who proposed that the exchange interaction be-
plied magnetic field or chemical pressure induced by alloytween the magnetic moments depends strongly on the elec-
ing, YMn, being one of the most peculiar compounds withtron concentration?
such a composition. Previous theoretical calculations have shown that for

YMn, was considered long ago to be a Pauli paramagnefYMn, the position of the Fermi levelE) lies near the
with a temperature-independent magnetic susceptibility.minimum of the DOS, so that in this case thenstable
However, further studies showed that this compound antiferposition of the Fermi level results in a strong influence of
romagnetically orders beloWy~ 100 K, the observed mag- small modifications of external parameters into the magnetic
netic moment of Mn being 275 .2 Moreover, in the para- properties of these materidi$!* Then, a conciliatory
magnetic phase abovg,, YMn, bears all the hallmarks of a scheme to account for the anomalous behavior of the YMn
weak itinerant antiferromagn@f. As a consequence, YMn upon chemical substitution of Mn or interstitial hydrogen
has been extensively studied in the past years as a modabping can be obtained in terms of the interplay of both the
system for investigations of itinerant electron magnetism foincrease in the Mn-Mn distance and the electronic modifica-
cused on studies of spin fluctuation effects in metals close tton induced by chemical substitution into the DOS
a magnetic instability~2 modification!>1®

Mondalet al. have shown that the substitution of Ce by Y  Trying to obtain a deeper insight into the mechanisms
in YMn,, leads to the suppression of the local magnetic mo+fesponsible for the unusual response of Mo external
ment at the Mn site and therefore, inhibits the transition toparameters we have tailored a series qf YXCeMn, hy-
antiferromagnetism at low temperature8s cerium doping drides. As the electronic state of cerium is very sensitive to
of YMn, leads to the reduction of the crystal cell volume, hydrogen absorption, the DOS of the system would become
this behavior was interpreted in terms of the critical-distanceeven more dependent on the Mn-H hybridization due to the
model, i.e., the existence of a critical spacing for stability ofexistence of the Mn(8)-Ce(5d) hybridization.

Mn momentsd,~2.7 A above which the Mn atoms retaina  The Y;_,CeMn, samples were prepared by high-
large magnetic moment. However, there are numerous exrequency inductive melting under purified Ar atmosphere,
perimental evidences, most of them regarding chemical sulfellowed by two hours annealing in the same furnace just
stitutions, in clear disagreement with the critical-distanceafter the melting stage. Hydrides have been formed by using
model predictiond®!! In a similar way, the changes ob- a conventional volumetric automated experimental setup de-
served in the magnetic behavior of YMmpon hydrogen scribed elsewhert.Both phase and structural analysis were
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_ 20 R 30 weak-ferromagnetism below 200 K for the maximum hydro-
g" =t S8 25 gen concentration~+4 H atom p.f.u.. For Y, ¢Ce,MnyH,
g 20 g the magnetization reaches a value of gZer Mn atom,
L woky 1.5 g under the assumption that nor Y neither Ce carries magnetic
= o5¢ 300 1.0 & moment, while for thex=4 hydride the magnetization de-
gk 4 05
= 0k | 0.0 creases to only 0.3 per Mn atom. The onset of such a

F e ] small ferrimagnetic component is made evident for both
PR TN 14 w =2 and 4 Y, Ce Mn,H, compounds by the magnetic ac
SD 3k Dﬂ.ﬂ 13 g susceptibility and magnetization vs applied field measure-
E 2- o, S ments shown in Fig. 1.
ot 1 Fon . 1 =~ The magnetic behavior of the Ce doped YMmydride
B eoonsenmssasnq | &L et o derivatives resembles that of the pure Yjhydrides. How-

0 100 =00 3000 1 2 3 4 5 ever, the presence of cerium stabilizes the ferrimagnetic re-
T(K) H(kOe) gime for the maximum hydrogen concentration whereas in

FIG. 1. Left, temperature dependence of the ac susceptibilitf1® case of pure YMnthe same hydrogen loading leads to
(top panel and magnetizatior(bottom for the Y,Ce,Mn,H, the total disappearance of ferrimagnetism. This result casts
compoundsx=0 (solid ling), x=2 (), andx=4 (¢ ). In the  doubt on the validity of the critical-distance model to ac-
r|ght pane| magnetizationM) VS app“ed field (—|) at T=50 K is count for the magnetic behaVior Of YMrSUbStitutional de'
shown for the three compounds. In the top paviels H plots at  rivatives and hydrides. Indeed, according to this model the
different temperatures are shown fop gCe, ,Mn,H,. appearance of ferromagnetism in YMH; compounds for

2<x=<3.5 is interpreted in terms of the increase of the
performed by using a standard x-ray diffractometer. TheMn-Mn interatomic distance, while the loss of the long-range
maximum Ce replacement obtained was 0.2 as deter- magnetic ordering for further hydrogen charging, YJg,
mined by means of scanning electron microscdS¥M). is explained in terms of a large expansion of the
The lattice parameter of jCe ,Mn, and single-phase crystal-latticet However, this is not true in the case of the
Y 0.6C& Mn,H, hydrides,x being 2 and the maximum hy- Y, sCe;,Mn, hydrides showing a markedly different mag-
drogen concentrationr4 H atoms per f.u., are, respectively, netic trend for similar lattice parametér>?° Therefore, to
7.653, 8.022, and 8.252 A. account for this peculiar behavior is necessary to consider

X-ray-absorption spectroscopi)XAS) experiments were the changes induced by the presence of Ce and hydrogen in
carried out at the ESRF BM29 XAFS beamline 18. The storthe electronic structure of this system. Indeed, it has been
age ring was operated in 2/3 filling mode with typical cur- proposed that the magnetic instability of YMis linked to
rents between 150 and 200 mA at an electron beam energy tfe peculiar position of the Fermi level laying near a mini-
6 GeV. XAS experiments were performed in the transmis-mum of the DOS. In particular, Pajdet al. have recently
sion mode on homogeneous thin layers of the powderedevealed the existence of a competition between the Mn-H
samples at both MK edge and C& , ; edges. The fixed-exit hybridization, favoring reduced Mn magnetic moments, and
double-crystal monochromator was equipped with a pair othe increased lattice constants producing larger Mn
Si (111) crystals with an energy resolutioRE/E of about momentst® Within this framework, the presence of cerium is
2x10 4. Silicon photodiodes were used to detect the inci-of particular significance because of the peculiar magnetic
dent and transmitted flux providing a full linear energy behavior of the Cll, systems 1 =3d transition metal
responsé® The absorption spectra were analyzed accordinghis depends on the strength of the hybridization between
to standard procedures: the background contribution fronthed states of the transition metal and the ceriufmashd 5d
previous edges.g(E) was fitted with a linear function and states’* The high sensitivity of both this hybridization and
subtracted from the experimental spectrynE). Then, the Ce electronic state to the hydrogen absorption has been
spectra were normalized to the absorption coefficient atetermined to play a relevant role in the modification of the
~100 eV above the edge to eliminate thickness dependenceagnetic behaviof?

The magnetic measurements were performed by using a In order to obtain a deeper insight into the modification of

commercial superconducting quantum interference devicboth the cerium electronic state and Cg&H)-Mn(3d) hy-
magnetometefQuantum Design MPMS-3%quipped with  bridization upon hydrogen uptake we have recorded the x-
an ac susceptibility attachment. The same polycrystallingay-absorption spectra at the M@ edge and Cé 5 edge in
samples as for the XAS experiments were used. The magnéie Y, Ce Mn,H, series. The comparison of the normal-
tization of Yy ¢Ce-Mn, and its hydride derivatives mea- ized Mn K edge XANES spectra for YMn Y Ce oMn,,
sured under an applied field of 10 kOe is shown in Fig. 1.and Y, ¢Ce, ;Mn,H, is shown in Fig. 2. The first qualitative
The magnetization N) vs temperature T) behavior of inspection of the spectra shows that the YjMmystal struc-
Y 0.eC& Mn, corresponds to the existence of a paramagnetiture is retained upon Ce doping. However, there is a marked
phase in all the temperature range measured, and there is didference regarding the steplike feature appearing at the
longer evidence of the antiferromagnetic ordering exhibitecedge region that reflects the strong electronic perturbation of
by the precursor YMp The effect of Ce inhibiting the anti- the system driven by the cerium substitution and the hydro-
ferromagnetic ordering in YMnis, however, counteracted gen uptake. This region of the spectrum not only probes the
by hydrogen absorption. Indeed, the paramagnetic behaviamoccupied density of states projected at the Mn site, but this
of Y, ¢Ce oM, is broken after hydrogen uptake, giving rise steplike feature at the edge is due to the hybridization be-
to a ferrimagnetic behavior beloW~260 K forx=2 andto tween thep-d conduction empty states at the Fermi lefrel.
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FIG. 2. Comparison between the NMfhedge XANES spectra of FIG. 3. Comparison between the experimental XANES spectra
YMn, (dotg and Y, ¢Cey-Mn, (solid line). The inset show a de- at the Cel; edge in the case of 3gCey ,Mn, (solid line) and their
tailed view of the near-edge region, including also the Kledge  hydride derivatives ¥¢Ce, ,Mn,H,, x being 2 ©O) and 4 (¢ ).
XANES of Y, {Cey Mn,H, ().

flecting the existence of both the4and 4° configurations

in the initial staté* in agreement with the observed reduc-

tion of the crystal-lattice parameters. Upon hydriding signifi-
ant changes are found on the intensity, width and relative
nergy position of the two white lines. The estimate of the

Ce valence obtained through the deconvolution of absorption

gpectra performed according standard metffodsndicates

at the Ce valence decreases from the initial value of 3.40 in
08C&oMn, to 3.33 and 3.23 for the hydrides with=2

nd 4, respectively. Therefore, although the mixed-valence

Because of the Ce@-M(3d) hybridization, the intensity of
this feature can be correlated to the different role played b
both, Ce doping and hydrogen uptake. In the case o

YMn,. The reduction of the intensity of this feature observe
as Ce substitutes Y can be explained in terms of the DO
expansion concomitant to the crystal-cell contraction tha%‘

leads to an enlargfeShDg(S).SA?hln Ylylthe.Fern;:'fItevtehl I||e:s behavior is retained in all these systems, there is a change of
neara minimum ot the » the expansion SNITS e FelMy, o 5 ajization of cerium and consequently the Ce-Mn hy-

level towards higher energy and locates it in a region Withbridization is certainl
) : . y affected by hydrogen uptake. For
lower density of states. This fact favors the itinerancy of th 0.6C6 Mn,H, the maximum of the first peak is shifted to

system, as is shown by the present experimental result§ . :

: : ow energies by 2.7 eV relative to that of, ¥Ce, ,Mn, and
When h_ydrogen enters into .thQ’-ECQ’-Zan. hO.St’ there ISan g intensity is increased by 15%. This result is a clear indi-
expansion of the crystal lattice and an injection of additional

: : cation of the increase of the localization of the Ced (8
electrons to the system. While the first change leads to thSand and the subsequent weakening of the Ce-Mn h(yb)ridiza-

narrowing of the DOS, the second implies the ProgressiVe,, Therefore the localized character of the system is rein-

filling of the Mn d band. As a consequence the Fermi Ievelf ; : -
. . . orced by hydrogen absorption favoring the onset of ferri-
shifts slightly upwards so that the DOS at the Fermi levelnwagnetism, in agreement to the Mnedge data. A similar

supporting the appearance of ferromagnetism according wit icture is obtained in YCe, Mn,H, compounds. However,

the Stoner criterion, and in agreement with the 0.4 eV shi : , S
of the MK edge observed in y:Ce, Mn,H,. Moreover, fﬁ has to be noted that the increase of the first peak height is

the additional filing of the Mn @ band implies a strong only of the 10%, indicating that despite the localization is

depletion of thed-like empty states abovEr. Then a huge also favored with respect to the, ¥C&, Mn; case, the effect

reduction of the shoulderlike feature at the absorption thresh. smaller than for gCe, Mn,Hp, in agreement with the

. ) ransition from ferrimagnetism to weak ferromagnetism ob-
old is expected, as found in the case gfg€e, ;Mn,H,, for ansition from ferrmagnefsm fo we omagnetism ob

. . ) ; erved for thex=2 andx=4 hydrides, respectively.
0, A
which the intensity reduct|o_n reaches a 40/0.‘ ] s_state(? In summary we have shown that while the substitution of
above, such edge-structure is due to the hybridization be-

tween thep-d conduction empty states at the Fermi level Ce for ¥ in YMn, leads to the destabilization of the Mn
projected on the Mn site. Therefore, because of the s’[ronmagnmIC moment in YMj long-range magnetic ordering is

Ce(4f,5d)-Mn(3d) hybridization, characteristic of rare- Fecovered in Y-xCeMn; after hyc_irogen absorptlon. Cpn-
S . ! : rary to the case of the YMnhydrides, magnetic ordering
earth transition-metal intermetallic compounds, we mterpre{

the observed reduction as partially due to the modification o?t'” holds for the maximum hydrogen concentration, indicat-

A . ._Ing the critical role played by cerium, through the Ce-Mn
the Ce-Mn hybridization induced by hydrogen. To verify this I . e . .
assignment we have also recorded the (Geedge XAS hybridization and its modification with hydrogen uptake into

spectra through the series and the results are shown in Fig. §1_e stabilization of the Mn magnetic moment.

In the case of ¥ CeMn,, cerium exhibits the two-peaks This work was partially supported by the INFN-CICYT
profile characteristic of a mixed-valence character, i.e., reagreement and by Spanish DGICYT Grant Nos. MAT96-
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