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Abstract

We have studied the structure of hydrogen loaded Y_Th  alloys, yth.2 and 0.9, by X-ray diffraction (XRD) techniques. The
room-temperature XRD profiles of Y, Th, ,H exhibit, in addition to the peaks of the h.c.p. metal lattice, those of the f.c.c. dihydride for
all x>0. In the case of ¥, Th, H , the f.c.c. peaks show up only¥e10.20, indicating H-solubility for smaller hydrogen concentrations
in this alloy. As for the two ¥ Gd_, ¥=0.3 and 0.4) alloys, we observe in both cases precipitation of the dihydride for the smallest H
concentrations. These results complement earlier resistivity measurements on the same systems, by presenting the evolution of the
respective lattice parameters and thefia ratios upon hydrogen addition and, in particular, specifying the influence of the metal lattice
environment upon the state of the precipitating hydride.
O 2002 Elsevier B.V. All rights reserved.
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1. Introduction a*-phase was restricted to the alloy,Y Tb ,H while, in
the Tb-richer alloy (withy=0.2) and the two Y—-Gd alloys,

We have recently started a series of investigations of one observed precipitation of the dihgdpicasé) for
(Y-R)H, alloys [1-3] in order to advance in the under- the smallest H concentrations.
standing of the peculiar phenomenon of the low-tempera- It was interesting to complete these investigations by
ture o*-RH, solid solution phase, which represents a structural studies, in order to follow the evolution of the
modulated quasi-unidimensional H-R—H pair structure respective lattice parameters aith, in particular to
along thec-axis and exists only in some of the rare earth specify the type of dihydride precipitating in these alloys.
metals (for a review, see e.g., Ref. [4]). It had been In the X-ray diffraction study described in the following,
suggested [1,5]—based on an investigation of the modu- we shall try to give the first answers to these questions.

lated antiferromagnetism in rare earths andcita-depen-

dence [6]—that the Fermi surface topology, in particular

the critical dimensions of its webbing features, was 2. Experimental
responsible for the manifestation of both the spin-density

waves (modulated AF) and the charge-density waves The specimens measured in these experiments were
(modulated chains of H-R—H pairs). In our resistivity selected from the lot perused in the resistivity studies
studies [1-3], we had confirmed this model for the systems [1-3] where details of their preparation can be found. The
Y,Tb,_, and Y,Gd_, , showing that the presence of the hydrogen concentrations in each alloy system are given in

Tables 1 and 2. The samples were cut into ‘'mm -sized
pieces of roughly 20Qum thickness for X-ray diffraction
investigation. The specimens were put on a holder with a
*Corresponding author. Tel.#33-1-6933-4509; fax:+33-1-6033-  200pm-deep edge. The holder is specially made by
3022. cutting silicon along planes which show no diffraction
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Table 1
Lattice parameters of the observed phases jn Y_Jb, H
X a(A) c (A) cla a(p) (A)
y=0.9 0 3.6433(3) 5.7296(3) 15726 -
0.05 3.6484(3) 5.7430(3) 15741 -
0.15 3.6567(3) 5.7720(2) 15785  —
0.20 3.6574(4) 5.7797(4) 1.5803 5.2122(6)
0.25 3.6579(4) 5.7775(4) 1.5795 5.2100(5)
y=0.2 0 3.6132(2) 5.6993(2) 15774 -
0.02 3.6140(3) 5.7031(3) 1.5781 5.245(1)
0.10 3.6140(2)  5.7030(3)  1.5780  5.240(1)
0.10D  3.6147(3) 5.7031(3) 1.5778  5.2383(7)
0.20 3.6159(3)  5.7037(4) 15774  5.245(1)
Table 2
Lattice parameters of the observed phases jn ¥ d, H
X a (A) ¢ (A) cla a(B) (A)
y=0.4 0 3.6437(4) 5.7586(4) 1.5804 -
0.10  3.6430(3) 5.7675(3)  1.5832  5.268(2)
0.20 3.6440(5) 5.7680(5) 1.5829 5.267(2)
0.25  3.6445(4)  5.7669(4) 15824  5.271(2)
y=0.3 0 3.6424(4) 5.7643(4) 1.5826 -
0.05 3.6388(5) 5.7657(5) 1.5845 5.274(2)
0.10  3.6394(5) 5.7673(5)  1.5847  5.280(7)
0.20 3.6405(4) 5.7669(3) 1.5841 5.2767(8)

surements were performed on a diffractometer Rigaku
RINT-2500V at 50 kv and 200 mA. Data were collected
both for specimens alone and together with a Si standard,;

Intensity

the latter was used for correcting slight displacements
between sample surface and holder. The data were ana-
lyzed by Rietveld refinement software, RIETAN-2000 [7],
which enables one to refine lattice parameters of multi-
phases simultaneously. To obtain correct lattice constants,
we used a displacement parameter determined for each
specimen.

3. Results and discussion
3.1. Y, Tb,_ H, system

Fig. 1 shows the diffraction profiles of the five
Y,.oTb, H, samples measured at room temperature. On
the fit (indicated by ticks below), we have separated the
metallic lines (corresponding to the h.c.g*-solid solu-
tion) from the f.c.c. dihydride lines. The latter clearly
emerge ak=0.20, indicating beginning precipitation from
this concentration on. (The relative intensities of the lines
are not significant, in view of the variously textured sample
states). The alloy ¥, Ths H , however, exhibits (Fig. 2)
the dihydride lines already for the smallesvvalue mea-
sured x=0.02), confirming the electrical resistivity data
[1].

We have presented the lattice parameters of the various
observed phases, after correction as described in Section 2,
in Table 1 for comparison. Thex*-phase parameters

increasg=f0r9, with x up to the maximum solubility
xat0.2 and remain constant above; the same is true for
ctheratio, which we have plotted in Fig. 3, together
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Fig. 1. X-Ray diffraction profiles of the Y, Th, H system, for various H concentrationghe ticks underneath correspond to positions of the diffraction
lines for the h.c.pa*-solid solution and of the f.c.3-RH, dihydride phases obtained from profile analysis. The lines due to the precipitating dihydride are
indicated by arrows, impurity lines by open circles.
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Fig. 2. Same as in Fig. 1, for the)¥Y Th H system.

with the (roughly constanty/a ratio of they=0.2 alloy tating 3-phase, despite its obvious ThH character, takes

system. The H concentration dependence of resistp(ixy the value of the structural majority component (in a kind

in they=0.9 alloy, given in the inset and taken from Ref. of epitaxy), i.e. close tg YH yfo0.9 and to TbH for

[1], shows a nice parallelism in the electronic and structur- y=0.2.

al properties.

It was interesting to determine the lattice parameter of

the dihydride phase, since the measurements [1] had 3.2. Y,Gd,_ H, system

clearly shown the precipitation of a magnetically ordering

phase (at=10 K), hence obviously originating from the The profiles exhibited in Figs. 4 and 5 for the alloy

magnetic Th component. A comparison with tla€3) systems ¥, Gds H and Y, Gg, H, respectively, re-

value of the pure dihydrides [4B(YH,)=5.2082 ‘A and semble those in Fig. 2 qualitatively, in the sense that the

a(TbH,)=5.2485 A indicates, however, that the precipi- dihydride lines appear for the smallest H concentrations.
(It is worth noting here the ‘cleaner’ profiles of the H-free
alloys indicating the probable introduction of impurities
during the loading procedure at high temperatures: con-

15821 T ' ' T ' ] trary to the Y-—Tb specimens, our pure Y-Gd samples had
i o ] deliberately not been annealed, which is also the reason for
1.580 |- o ] their larger line widths).
o/_\ ] Table 2 collects the corrected lattice parameters and the
1578 . v > ’ respectivec/a ratios for all specimens, indicating their
< 1576' 180 ; essentiallyx-independent behaviour. Again, as for Y-Tb
- m_Y“’“‘D" " 17 (Table 1), the lattice constar#(B) of the precipitating
Ll [ -~ . _ dihydride—though certainly corresponding to the magneti-
TOf mx 1] cally ordering GdH (see Refs. [2,3])—takes values be-
1.572<5- ,o;//"»” i1 tween that of pure YE and of GdHa(GdH,)=5.3025 A
: R ST 1 [4], reflecting the deC|S|ve role of the environment.
o 005 0.10 0.5 020 025 030 - . . . . .
1570 L L , | x@uo) T In conclusion, the X-ray diffraction study of the investi-
0 0.05 01 0.15 0.2 0.25 0.3 gated (Y-Tb)H and (Y-Gd)H alloy systems confirms the
x (H/formula unit) limited solubility of hydrogen iny, 4 Tl ; and thR-phase

. . . . precipitation in all the others. Though certainly due to their
Fig. 3.c/a ratios as a function of the H concentration, for both ic (Tb Gd mponent. the vaIuesadRH )are
Y,Tb,  H, systems, showing H solubility foy=0.9 (open circles) and magnepc ( or ) compo ,e ! " 2
immediate dihydride precipitation for=0.2 (triangles). Thep(x)-depen- determined by the surrounding alloy environment rather
dence of they=0.9 system (inset) is taken from Ref. [1]. than by those of the pure metals.
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Fig. 4. Same as in Fig. 1, for the,, Gd ,H system. Note the ‘cleaner’ spectrum (and the broader lines) in the non-annealed H-free alloy.
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Fig. 5. Same as in Fig. 4, for the)} Gd ,H system.
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