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Resumé - On présente les spectres hyperfins d'impuretés d'erbium diluées
dans le composés t'S--ZrHl-5 de structure fluorite et e—ZrH1.87 de structure
fluorite avec une distorsion tetragonale; Les spectres hyperfins sont
identiques dans les deux cas et revelént un environnem=nt cubique'de 1'ion
Er, indépendament de la structure crystallographique de la matrice; ce fast
revele la formation 4'un agregat cubique Er-hydrogene. Fes frequenges'

" de relaxation paramagnetique sont &galement identiques dans les deux cas,

malgré les modificaticns importantes des densit@s d'etat €lectronique. Les

mechanismes de formation de tels agrégats Er-hydrogene sont discutés.

%

Abstract - Hyperfine spectra are reported for Er present as a dilute impurity
in the fluorite structure compound G—Zrﬂl 5 and the tetragonally distorted

fluorite t—:—ZrH1 87; In both cases, the hyperfine spectra are identical and

show cubic symmetry around the Er icn regardless of the host crystal structure,
showing the fo;mation of a locally cubic Er-hydrogen cluster. Paramagnetic
relaxation frequencies afe also identiéal in the two phases, in spite of large
changes in the electronic density of states. Mechanisms for the formation

of such Er-hydrogen clusters are discuv-sed.
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INTRODUCTION

Zirconium metal forms two single-phase hydrides, labelled € and 6,
which have vastly different p;operties (Fig. 1). At hydrogen ‘to metal ratios
H,Zr betﬁeeﬁ 1.5 and 1.6, the §-phase is obtaineﬁ with thé fluorite
stru;fure. .For H/Zr between 1.7 and 2.0, this disforfs into the tétragonal'
e-phase [1]. Along with this phase transformation, dramatic chahgés.
are observed in the electronic properties of,the’hydri&es [2]. For example, .
in the e€-phase the electron density of states increases when going from the
8- phase boundary up to H/Zr = 1.85, then decreases at higher hydrogen
concentrations.

Avclqsely related subject involves the migration of charge between
hydrogen and metal'ions,bi.e. whether the hydrogen loses part of its charge
to the metal valence band (the "profonic" model) or accepts some charge from
the metal atom to become negativeiy charged (the "anionic" model). Experimental
results in the past have generated con;roversiesAbetween the two appraoches
[3] with recent XPS studies s;pporting the anionic model [4].

We have previously shown [5,6] that MBssbauer effect measurements

can be used to investigate the electronic properties of rare-earth hydrides.

Those studies have provided information on magnetic properties and crystal

fieid interactiops, as well as the charge on the hydrogen ions. In the present
work we present such a study of Er3+ impurities in §— and €- phase zircohium
hydridés.
EXPERTMENTAL METHODS AND RESULTS

A solid solution containing approximately 2000 ppm of Ho metal in
Zr ﬁetal'was produced. This was then hydrided to form cubic G_ZrHI.S and

tetragonal e-ZrHl 85, The lattice parameters of both materials were

measured and found to be in excellent agreement with published values [2].




The samples were neutron irradiated to produce lﬁﬁﬁo activity, which decayed
(T1/2 = 27 hrs.) to give the 80.6 keV MYssbauer transition in 166Er; The
resonance spectra were méasured using conventional techniques in a trans-

mission geometry. The single-line absorber was ErH, held at 4.2 X while

2
the Zr hydride samples containing the 166Ho were held at various temperatures
between 4.2 and 30 K in the exchange gas column of a helium cryostat.

The spectra of 166Er in S-Zfﬂl.s have already been published [7]
along with their analysis. In Fig. 2 we have reproduced that data, aﬁd in
Fié. 3 we show thé.spectrﬁm ;f £-phase ZrHl.Bs’ both measured at 4;2 K.

Thé two patterns are'reﬁarkabij-éimilar, and aré also very similéf-fo.that
measured in a YHZ host, which has the fluorite structure [5,8]. In all
cases, these represent nearly static paramagnetic hyperfine patterns of an
almost isotropic crystalline electric field (CEF) level of the Er3+'ion.
This result is not surprising for the cubic YHZ host. However, for the
other compounds the point symmetry for the Er ion is not expected to be
cubic §ince in the 6-phase compound one has substantial defects in the
fluorite structute, and in the e-phase one has a tetragonal distor;ion.

On increasing the temperature for Zr“l.85 up to 30 K, changes.in the
resonance line shape were observed which were characteristic of pafa—
magnetic reléx?ﬁion effects. Again, these were very similar to those
observed in 6-ZrH, _[7].

1.5
DISCUSSION

As we have previously shown [7], the spectra of Er3+ in §-ZrH

1.5
are characteristic of a F7 CEF level which has been slightly distorted from
cubic symmetry. A similar result is obtained for Er in E-ZrH1 87" Analysis

of the spectra at 4.2 K gave g values of 8, = 6.8+ 0.2, gy =6.8+0.2

and g, = 6.9 + 0.2, compared with the isotropic value of 6.8 obtain=d in
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the pure F7 state. The results of the analysis of the temperature
dependence of the relaxation spectra (see discussion below) indicate that
the first excited state is at least 50 K above the ground state. The g
values obtained are thus indicative of the true grqﬁnd etete.'

vThe results obtained in both the §- and e-phase zireonium hydirdes
indicate that the Er iﬁpurity does not reflect the nature of the host, but
rather forms an impurity state which is roughly independent of the host.
Similarity with the sﬁectra obtained in cubic YH, indicates that this
consists of a well-stabilized cubal coordination of eight hydrogeh atoms
producing a nearly cubic CEF at the impurity site. This complex is so
stable that neither the non-stochiometry of the 8- ZrH

1.5
tetragonal distortion (cla = 0.908) and small non-stochiometry of the

host nor the

e—ZrH1.87 host are reflected at the Er site.

Additional evidence that the Er ion forms a complex ﬁhieh is not
sensitive to the host properties is.given by‘comparingbthe temperature
dependence of the relaxation rates in the two compounds (See Fig. 4). Below
20 K; the primary relaxation mechanism is through Korriaga couplihg of
the»impurity spins and conduction electron spins [7]. In euch a case, the

relaxation rate is proportional to the temperature and. to the quantity

N(EF)] R where J Sf is the exchange integral between the Er 4f spins

and the conduction electrons, and N(EF) is the conduction electron density

of states at the Fermi surface. In Fig. &4 we show the.temperature

dependence -of the relaxation rate for both the hydrides. The identical

.results imply that Jst(EF) is the same for both, even though the value for

N(EF) found in specific heat measurements [2] of Zrl-l1 85 is almost twice that

of Ztﬂl 5° It is unlikely that the value of Jsf has changed in the two




phases in such a way that it just compensates the change in N(EF).

The observation of cubic symmetry in both these non-cubic compounds
along with fhe identity of the relaxatioﬁ rates in the two c#ses show that
thé nﬁture of‘the hést material in this case cannot be Expldred by the
rare—éarth impurity. While the P7 ground state obtained in all cases
implies anionic hydrogen ions (1) [5], this is only a probefty of the
i&éal Er - H8 cluster and is not necessarily a property of the host
ziréonium hydrides.

In‘the following we will indicate possible reasons for the formation
and unusual stability of the Er-H_ cluster in the 6~ and e-phases of

Zx hydride. Since the 6-phase has the same crystal structure as Eer,
the formation of such a cluster impiies a stronger chenical bonding

between Er and hydrogen as cémpared to that between Zr and hydrogen.

However, since the Goldschmidt atomic diameter in E:ﬂ-l.2 is 7% larger than

that of Zr in Zrﬂl.s, the cluster will probably be produqed with some
distortion of the host atoms in the vicinity of the impurity. This is
reflected in the deviation of the CEF ground state from the purely isotropic
P7 level. The observation of a cubic clus;er in the tetragonql phase is
harder to understand. It is clear that no precipitation of the.ErH2
phase has occurred since this would result in a spectrum indicative of much
fastér relaxation times [5]. One can see-from the phase diagram (Fig. 1)
that upon cooling from room temperafure the £/ (8+€) phase boundary may

be crossed. This may very well result in a nucleation 6f a small amount
of the §-phase at the Er impurity, leaving a situation which is locally
the same as 5—er1.5' However, even if the phase boundary is not crossed,

the strong bonding strength between the Er and H ions may still allow the .

precipitation of an additional phase.




Figure Captions

Phase diagram for Zr-H system in the higher concentration range

(after,[l]).
M8ssbauver spectrum for 166Er as a dilute impurity in G—Zrﬂl g at
4.2 X. The solid curve is a fit including paramagnetic relaxation effects

as discussed in the text.

166g, as a dilute impurity in é—ZrH1 87:

Temperature dependence of paiamagnetic relaxation frequency for Er

MBssbaver spectyum for

impurityvin 8- and e-phase of Zr hydrides.
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