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Hydrogen ordering and magnetic transitions in Y, Tb,_,H(D), (y=0.9 and 0.2
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We have measured the electrical resistivity in the range 1.5-300 K of the hydrogenated alloy system
Y,Th;_yH(D)y, for y=0.9 and 0.2, and for hydrogen concentratiossx3<0.25. It is found that, in the case
y=0.9, hydrogen forms*-solid solutions up to concentrationﬁ,zx=0.21(l). Like in binary a*-YH,, one
observes ordering in the H sublattice near 170 K; a correlation between the periodicity of the helical antifer-
romagnetic(AF) structure in this alloy and that of the modulated chainlike H-H pair configuration in the
ordered H sublattice is noted. Fgr=0.2, hydrogen precipitates at once as dihydride, which is, e.g., seen
through the emergence of an H-dependent peak at 10 K due to the AF transigofilufl,; the same is also
noted, forx>x§;x, in the casey=0.9. Hydrogen influences the various magnetic structures present by gen-
erally weakening the Ruderman-Kittel-Kasuya-Yosida polarization interaction. Thus, H addition results in a
decrease of the spin-disorder scattering and of the magnetic manifestaﬁltﬁ?aadTEb. The low-T intrinsic
resistivities are analyzed in terms of various types of spin-wave spectra for the two alloys and their interaction
with hydrogen[S0163-182609)10513-1

. INTRODUCTION alloys have been explored in detail by neutron diffractibn
and magnetostrictioh® Since, on the other hand, there exist
Rare-earth(R) metals absorb hydrogen readily, forming €xtensive studies on the electronlié:l?nd structural properties
solid solutions(a phas¢ and hydrides(8 and y phases  ©f the @*-YH(D), solid solutions,***this could give us a
depending on the concentration and the temperature rang@20d starting point for the comprehension of the behavior of

Some o them, comprising theheavy lamhanides Ho, Ex, T/ 1 0 2100 IO, 10 o Krewiene, hag he
and Lu as well as the assimilated Sc and Y, exhibit meta P P ’ P Y €Xp

bl id soluti % oh hich exist d h ment, which permits a very precise and detailed macroscopic
stable solid solutionse™ phase, which exist down to the gy pioration in view of a future neutron-diffraction study, we

lowest temperatures. Below a critical temperatufe,  pave selected YTb,_, alloys with two characteristic com-
=150-170K, they arrange into quasilinear chainlike strucpositions:(a) y=0.9, with aTy~50K (Ref. 5 but with suf-
tures formed of H-H pairs located on second-neighbor tetraficient Y to be able to test the H influence extrapolating from
hedral sites along the axis of the hcp unit cell(Details of  the Th-free metaly=1 (Ref. 12, and(b) y=0.2, with mag-
this phenomenon have been described, together with the genetic transitions aff y=196 K andTc=99K (Ref. 5 and,
eral situation in theR-H systems, in a recent review by one hopefully, still enough Y to retain some hydrogen in solu-
of the present author$. tion. In addition, it seems that—apart from an early residual-
One of the exciting aspects of the phase is the possi- esistivity study of very Y-rich Y-Tb alloys (=0.995,
bility of observing the influence of hydrogen upon the mag-0-989, and 0.98by Sugaware—there exist no electrical

netic order present at low temperatures in Ho, Er, and Trin€asurements of this system, even without hydrogen.

and which has already revealed very characteristic effects In the following we will show that the H-solubility limit

related to the interaction of the anisotropic hydrogen conil the YosTboiHy alloy is about the same as for “pure

figuration with the specific magnetic structures prevalent inbmary @ YHy, while it is negligible n YO-ZTbO-B.HX' We
each metaf:3 Now, as mentioned above, the ordering transi-nOte an isotope effect on the H-sublattice ordering tempera-

tion in the H sublattice occurs in the range 150—170 Kture and determine the H-migration energy through a quench

which lies in the paramagnetic region for the three metals iffXperiment across the ordering range. In yhe0.2 sample,

guestion. On the other hand, the metals Gd and Tb, with th¥'€ obs_en/e a diminution and type change Of. ;pin-digorder
respective ordering temperatur@g=293 and 229 K. do Scattering and a decrease of fhig and T transitions with

not form ana® phase but precipitate at once into the dihy- hydrogfn; at thfe startne time, wi(;e}r(ngrk otn t:;]e appeargncz'of
dride 8 phase resulting in a two-phaser{ 8) region at hma(ljg_r(lje Ic mTc’:;)nl_llesarlllons near ue to the emerging di-
these temperatures. ydride (8-TbH,) phase.

We were trying to circumvent this problem by choosing Il EXPERIMENTAL PROCEDURE
for our studies the alloy system,¥b;_,, using the(non- '
magneti¢ yttrium component as hydrogen stock in th& 250-um-thick Y, Th, _, alloy foils were purchased from

phase and the terbium component as the magnetic countehe Ames LaboratoryAmes, IA) who prepared them by arc-
part for the interaction. The magnetic properties of Y-Tbmelting nominally 2N material, with the following main me-
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tallic impurities(in at. ppm: Y—27 Fe, 12 W, 7.5 Cu, 6 Ce, LALLM
3.75¢c,2.3Th,1.5Pr, 1.3Cr; Tb—20 Fe, 14 W, 9 Y, 7.7 Ca, Y 9Tb 1H(D)x x=020 -
5 Cu, 2.3 Cr, 1.5 Pb. They had been cold-rolled to their final L x=025 00°%
thickness. 2& 1 mn? specimens were cut from these foils : 00° ooggl
and provided with four spot-welded Pt contacts for the elec- 120 X=0.15 —lo 020338°° ]
trical measurements. They were then annealed and degassed [ o°°Z ° o® ®”]
in a quartz furnace in a vacuum of10 °Torr at 700- ‘00 b 00°°300339° " Le** ]
750°C and subsequently loaded with hydrogen deute- 3 moOOO"OOOgSo ..°° o°°°o
rium), homogenizing fo 8 h at 500 °C(for details of the C(Z.'J 59395°° o®®  00%  0°
loading procedure, see, e.g., Ref. The obtained concen- = 80 3388°° o * 00 ° oo°§o°°2
trations were(to +0.015 (a) y=0.9,x=0, 0.01, 0.05, 0.12, o [0]D,e* ooo°° o ggo°° ]
0.15, 0.20, 0.22, 0.25H, and 0.1kh) y=0.2, x=0, 0.02, 60fae®® 00° ooggo° ]
0.06, 0.10, 0.15, 0.20H, and 0.1DAs concerns the un- oo°° oggo°

loaded,x=0, specimens, we had measured their resistivities 40po0°° 00020 x=005 ]
in both the as-delivered unannealed state and after a thermal 602007 X = 0.01 ]
treatment corresponding to the precharging conditions. Inter- 20 g‘;o°°\ ]
estingly, the alloys withy=0.9 reacted to the anneal quite x=0 1
differently from those witty=0.2: while the latter had “im- T . . L
proved,” in particular with regard to their magnetic manifes- % 50 100 150 200 250 300
tations, after elimination of the cold-roll effects, the former T(K)

had increased in their residual resistivity due to the absorp-

tion of ~1 at. % H from the rest gas in the oven atmosphere, FIG. 1. Temperature dependence of the resistivity in the alloy

giving thex=0.01 specimen of the above serjes. system YTb; _,H(D), for y=0.9 and various typicat values. The
Some of the specimens were submitted to a quenchin old arrow indicates the ordering anomaly in the H sublattice at

treatment in order to check for possible effects of the disord70 K.

der in the H sublattice. This was achieved by dipping the o o

sample holder in liquid nitrogen before transfer towards the The plot in Fig. 2 shows the solubility limit of hydro-

helium cryostat: the estimated cooling rate was of the orde@€n in thea™ phase, given by the resistivity maxima in

of 10° K/min as compared to the ordinary, slow, cooling rateth® exhibited isothermap(x) dependences, perusing all

of <0.5 K/min. specimens: Xmad Yool bp)=0.21(1) at. HD)/unit, the
The electrical measurements were performed in a pumpedfMe as for binarya*-YH(D)y, Xmax=0.2Q(1), within

liquid-helium cryostat between 1.5 and 300 K, using themeasuring precisiott. The slopes in the initial, linear, part

classical four-point dc method and measuring up to seveRf the curves give the specific resistivity increase per

specimens simultaneous{for details see, e.g., Ref).2The  hydrogen atonip(0 K) corresponds t@ye|:

absolute precision of the resistivity data is several %, mainly

due to uncertainties in the geometrical shape factor; the rela- Ap/Ax (0 K)=4.002) u)cm/at.% HD),
tive precision on a g,T) couple is of the order of 1Cf,
corresponding te<10 Q) cm in our experiment. AplAx (295 K)=3.42) pnQcm/at.% HD),

quite comparable to other similar -RH(D), systems.
Figure 3 gives a collected view of the H-ordering region
A.y=0.9 around 170 K, regrouping various specimens in order to em-

Figure 1 presents a series of typical specimens with Variphasize various parameters, and shown in a differentiated

; . : plot, for more distinction. Thus we see clearly the presence
ous X concentrations, showing the global evolution through f the anomaly in thec="0.01" specimen[Fig. 3a)], con-
the whole measured temperature range 1.5-300 K. ond y ' P 9: '

notes a regular increase of the residual resistiyity,, with

Ill. RESULTS

X, resulting in a parallel shifted set of curves, up to a value of 160 pre T N
x=0.20; the next-higher presented concentratio,0.25, Y.9Tb.1H(D)x /_¢_/r S ]
exhibits a lower p,s value thanx=0.20 and a lowF _ 120 A/A 7
anomaly, indicating beginning precipitation of tliewer- £ A/ :
resistivity) hydride phase. Let us also note here that the high- S a0 /‘4 /°'Ko N
temperature slopeaken between 250 and 300 Khow a - 295K /07¢— ;
slightly but definitely decreasing tendency with growirng ¢ 1
reaching a minimum fok=0.22, the next higher concentra- or_" ok ]
tion x=0.25 possessing again higher slope, comparable to

that of thex=0.15 specimen. Furthermore, one observes the 0, '6.65' : -0-.1'0' L '0-‘1'5- ‘ '6.50' . '0-.55- 330

anomaly near 170 K, growing witk and due to hydrogen
sublattice ordering. Qualitatively, the above described phe-
nomena are, until now, very similar to those observed on FIG. 2. Resistivity isothermals at room temperature and at 0 K
Tb-free YHD),, and we shall analyze them in more detail (extrapolatell as a function of hydrogen concentration, fer
below. =0.9, showing the solubility maximum near=0.21.

x (at.H,D)
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° B %&;: q 019 FIG. 4. Recovery curves of the quenched-in resistivity Xor
024 L i pr =0.22 andx=0.1D, in they=0.9 system. The inset shows the
' (a) A T‘\u\n\l{ T slopes in the peak area used for the determination(see text
0.23 | x =0.01 y ol
2:&&\&2 s S~8-a a*-YH(D), experiment? due to the much higher cooling
0.22 - 2RL ©0—0-0—0~0wg_, . . .
0 Ly T rates in our present, more performing, procedure, thus in-
021 o0 '05\ Xx=0 _ creasing the measuring precision in the subsequent annealing
. &”\?;m . : . treatment. Figure 4 shows the recovery of the quenched-in
020 0 Ts0 760 170 180 190 200 Apq for the two samples and the evolution of the slopes
T(K) around the annealing stage in the inset. As for the binary

o _ a*-RH(D), systems, the recovery process turns out a
FIG. 3 Resistivity slopgs in thg=0.9 alloy system around 170 simple one-stage mechanism which can be analyzed by a
K for variousx concentrations(a) x=0 (nonannealed x="0.01" it qrder chemical-rate kinetics. As shown earltthe mi-
(annealed state, see thxand x=0.05; (b) isotope effect forx o atinn energy of the recovering species can be written as
=0.12H and 0.1D(c) x=0.15, 0.20, and 0.25 indicating a solubil- E —k TZ[dA (T.)/dT]/Apy(T,), with the recovered re-
ity maximum belowx=0.25. -m— "8 plU2P gl 1 p Pa\Tp)
sistivity fractions and corresponding slopes taken at the peak

" L . . temperatureT,. The measured annealing peaks are
firming the classification established from jig value. On P P gp

the other hand, its unannealed cold-rolled “brother” exhibits _ _

an anomaly in this interval which is at least an order of Tp(H)=1661) K and T,(D)=1721) K,
magnitude smaller, supporting its=0 designation. Figure some 3 K higher than the respective values in binary
3(b) exposes the isotope effect on the anomaly of two com«*-YH (D), (Ref. 12. The resulting migration energies are
parablex concentrationsx=0.12 H and 0.1D. The measured also higher:

critical temperatures are

EYoo™01H)=24010) meV and
To(H)=1691) K and T,D)=1721) K; m

the anomaly temperatures are roughly the same as for pure E;°-9Tb°-1( D)=280(10) meV,
binary a* -YH(D), ,*? but the isotope effect is smaller in the
present casé\ T.(D,H)=3(1) K, ascompared to the@) K which is 30—40 meV more than far*-YH(D),, indicating
of Ref. 12. Figure &) shows the further growth of the a possible retarding effect of the Tb doping.
anomaly amplitude with hydrogen concentration, reaching a Let us now look for specific manifestations of the Th
maximum aroundk= 0.2, thex=0.25 sample already pos- Presence, i.e., for any magnetic effects, for which Fig. 5
sessing a smaller value. The anomaly amplitude, expressdhves possible indications. Figurédis a differential plot of
as the difference between the maximum and the minimun@ series of concentrations in the Idwrange and shows a
values ofdp/d T around~170 K, exhibits a maximum near Peak at 43 K preceded by a minimum at 53 K, for the H-free
x=0.21 and represents thus a satisfying analogy to the isgPecimen. This could be the Bledemperature given by Child
therms of Fig. 2. et al®> asTy~50K for y=0.9 from their neutron-diffraction

It seemed interesting to see how the addition of Th wouldstudies; the agreement is not too bad in view of the smallness
influence the ordering capacity of the H sublattice, namelyof the observed magnetic intensities. The influence of hydro-
the migration energy of the H atoms after a quench acrosgen uponTy is immediate: the peak amplitude decreases
the ordering region. We have made this experiment on twstrongly and is hardly visible fox=0.1; the slopes also
concentrationsx=0.22 H andx=0.1D, at the same time decrease—above but mainly beloly—by a factor of 2
investigating an eventual isotope effect. The quench waffom x=0 to 0.20. TheT} value itself shifts simultaneously
very efficient, Ap,=2.5-3.5uf) cm, i.e., the quenched-in to lower temperatures by about 10 K between0 and 0.05
resistivity increase was about three times that in the purésee also Table)l
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FIG. 5. Resistivity slopes in thg= 0.9 alloy system for various
X concentrations. (a) Around TLD; (b) aroundTLsz; the x=0.22

sample is shown in the relaxé¥) and in the quenched stat¥).

A further increase irx, above the solubility Iimitxﬁ;x
~0.2, gives rise to a new phenomenon. Figufb) Shows
the emergence of a new peak Bt 8-8.5K, forx=0.22,
which grows strongly in amplitude and shifts somewhat to
K, for x=0.25. (Interestingly, a quench of th&=0.22
sample results in an increase of this anomdlyview of the
absence of the peak for the specimens with0.20, it seems
justified to attribute it to the N& temperature of the dihy-
dride, B-TbH,, which begins to precipitate out of the two-

60

T(K)

80

100 120 140

0 50 100 150 200 250 300
T(K)

FIG. 6. Temperature dependence of the resistivity in the alloy
system Y Th;_,H(D), for y=0.2 and various typicat values. The
straight line shows the extrapolation of the higistope, in the case
x=0, for the determination of the magnetic contributi@ﬂ; shown
in the inset as a function aof (the nonannealed=0 sample is
indicated by a central dot, the 0.1D sample in bjack

which is the magnetic transition temperature determined by

gneutron diffraction and given aETb 196 K for the H-free

alloy,® one notes, with mcreasmg a decreasing slope in the
ordered range beIovT , but a practically unchanging re-
sidual resistivity,p .= 21—22,uQ cm for all x (see Table Il

for detaily. The slope decrease can be understood as a di-
minishing contribution of spin-disorder scattering to resistiv-

phase @+ j) region for these concentrations. Its absoluteity: pg. determined after subtraction of the high-temperature
value, however, is less than half of the ordering temperatur@honon contribution extrapolated from the paramagnetic

of bulk B-TbH,, T.”=20-21K(Ref. 15.

B.y=0.2

A global view of the thermal resistivity evolution in the
y=0.2 system(Fig. 6) looks quite different from that with
y=0.9 (Fig. 1). Apart from the expected break near 200 K,

TABLE I. Magnetic transitions in the alloy ygTbg ;H(D), .

X TPK?E T K

0 53

0.0 50

0.05 44

0.1D 35

0.12 33

0.15 (32)

0.20

0.22 8-8.5
0.25 9.0

&Taken at the slope minimum.
®Corresponds to the heat-treatedt0 specimen.

range to 0 K. The inset in Fig. 6 shows a regular decrease of
pd with increasingx. (We have also plotted here the,
value of the unanneale’=0 specimen, for comparison.
Let us also mention the apparent decrease of the electron-
phonon coupling, expressed by a slightly diminishing
slope in the range abov‘éLb with increasingx (Table II):

it passes from dp/dT(x=0)=0.128(3) to dp/dT(x
=0.20)=0.118(2)uQ cm/K, which is definitely more
than the estimated 2% uncertainty.

A close look at theT [ area showed very little variation
with x for the T} value: a detailed determination through the
second derivative yielded [’(x=0)=201.2K and T{°(x
=0.20)=200.0K, with a relatively regular interpolation for
the intermediatex concentrations(Table Il). This nearly
H-independenﬂ'Lb value is, together with the constamt.,

a first indication of negligible hydrogen solubility, i.e., prac-

tically no impurity scattering effect of the H atoms, but prob-

ably very early global interaction through hydride precipita-

tion. The same conclusion can be drawn from the total
absence of any sign for H-sublattice ordering in the usual
range around 150-170 K.

Figure 7 is scanning the interval for ferromagnefdv)
ordering aroundr(T:b. Child et al® give from their neutron-
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TABLE Il. Specimen characteristics for the alloy, YTb, gH(D), .

Pres. dp/dT (RT) P?n dp/dT

X (u) cm) (uQ cm/K) (uf) cm) (150 K) THPIK TUIK

0 21.75 0.128) 65.6 0.543 201.2 114.75
oP 22.2 0.125 62.0 0.531 200.7

0.02 22.0 0.124 60.6 0.504 201.0 114.5
0.06 21.55 0.124 56.6 0.474 200.7 112.5
0.10 22.1 0.125 52.85 0.447 200.5 110.5
0.1D 21.35 0.123 52.0 0.440 200.5 112.0
0.15 20.8 0.122 50.45 0.423 200.2 1125
0.20 21.85 0.118 46.85 0.394 200.0 112.5

&To +1%.
bUnannealed specimen.

scattering experiment a'(T:b=99K for the y=0.2 alloy,
while the x-ray lattice parameter measurem@riad the
magnetisation data of Ref. 9 give, for a composition close t

in the x>x;‘,';x specimens of they=0.9 alloy (Fig. 5 is
striking, even if, in the latter case, trTeI,sz was somewhat

Gower, 8-9 K, and, in addition, a h effect
- To_ i , : ) : guench effect was
ours,y=0.165, aT¢'=120K. The present resistivity mea- ea5red on the peak intensity, while no such phenomenon

surements show a singularity ﬁ€b= 115K for the H-free  -,uid be observed foy=0.2]

x=0 specimen, which flattens and broadens quickly upon Finally, no isotope effect was observed for the 0.1D
hydr?%enation. Its value decreases with increasimq@assing  specimen through the whole measured temperature range,
to Tc(x=0.10=110.5K, but stabilizes, for highex,  confirming, together with the absence of a quench effect, a
around 112-113 Ksee Table Ii. (We wish to add here that negligible presence of hydrogen in solution capable of order-
no manifestation ofl'(T:b whatsoever could be seen on theing into a sublattice.

unannealed cold-worked specimen.

Furthermore, one note@-ig. 8), at low temperatures, a
superimposition of a new, hydrogen-dependent, resistivity
contribution, best seen in differential form exhibited on the ) o
upper part of the figure. There, we observe a peak at 10 K, The temperature erendence of the eIectncaI resistivity in
which appears for the lowest H concentration measured Mmagnetically ordering metal can be written as
and whose amplitude keeps growing practically in a linear
proportion with x. We attribute this peak tentatively to

the magnetic transition of the dihydridg-TbH,, TLbHZ P(T)=Prest pmad T) + ppn(T), @)

=10.0(2) K.[The comparison with théLbHZ manifestations

IV. DISCUSSION
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FIG. 7. Resistivity slopes in thg=0.2 alloy system around FIG. 8. Temperature dependence of the resistivity in yhe
115 K for variousx concentrations, showing the singularity 8>  =0.2 alloy system in the loW-region, for three selectexvalues;

for x=0. upper part: resistivity slopes aroufﬁi]sz for all x.
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where the last two terms are due to magnetic and to phonon
excitations. It is, therefore, practical to analyze the influence
of hydrogen upon each of the three above terms separately.
The magnetic structure of the whole range ofT¥, 1F
alloys, O<sy=<1 (Ref. 5, with a more detailed analysis in the i
interval 0.93<y=<0.98(Ref. 7), has been studied by neutron
diffraction. It was found that the FM phase of Tb was rapidly
destroyed upon dilution by Y, already fge=0.25, while the

4+ <0 |
X X X X 1
mnnan

cooo ]

P, (HQ2cm)
-
Il
\<S
wm
Q,
<k’qooc‘o
++<]< OO

AF helical ordering along the axis of these hcp alloys, ] E
which is observed at least up yo=0.98, is stabilized result- E o v

ing in an even stronger exchange interaction than in pure L Y

terbium® Similar conclusions were drawn from recent 4 6 81

159Th-NMR experiment® on bulk and epitaxial Y-Tb al-
loys: yttrium is not to be considered a simple spin diluent but
makes a substantial contribution to the transferred hyperfine .~ o Temperature dependence of the intrinsic resistivity in

field. . . . . the low-T region for several concentrations in the-0.9 alloy sys-
The interlayer turn angle in the helical structure increasesg, indicating the decomposition into tid dependences.
from ~20° on, with increasingy and stabilizes, foy=0.6,

around 50°, corresponding to slightly more than seven planes ) ) )

per full spiral turn. It is interesting to recall, in this context, Scribed through a decrease in the carrier concentration when
that the zigzagging H-H pair structure of thé phase ob- adding hydrogen, which is the general cas&it systems,
served by neutron scattering in the systeatsRD, with ~ Where low-energyR-H bonding states are formedl Pump-
R=Sc, Y, and Lu(see, e.g., Ref.)land described in the ing off electrons from the conduction band has immediate
Introduction is modulated with a wavelength of 3c7Be-  consequences upon all manifestations mediated by RKKY
tween two configurational repetitions, corresponding to 7.Snteractions, such a‘ELb andpmagand also upon the electron-
interlayer planes(Similar speculations had been undertakenphonon interaction in the highi-slopes of the resistivities.
by McKergow et al'! in the discussion of their original Incidentally, it seems that the addition of hydrogen in solu-
model of linear ordering of deuterium in yttrium but consid- tion has an analogous effect up@’ as the dilution of Th
ering a modulation wavelength oEr six atomic layers. -y |n fact, Rainfordet al” note a linear decrease Bf? in

On the other hand, another interesting point has been "&heir Y,Th;_, alloys when going fromy=0.93 to 0.98.

cently discussed by AndriandV,who observed that the pe- . > O
riod of the helical magnetism in rare earths depended or\Nhen extrapolating to our casg:=0.90, addingx=0.05H

their c/a ratio and, therefore, the turn angle could be modi—resmtS in a decrease aﬂb by 9 _K (Table ), which corre-

fied by alloying or by applied pressure or simply by varying SPONds to the effect of a reduction by 1.5% Tb.

the temperature. A critical value ofAa).=1.582(1) had Ag to the mggneu_c contribution to the resistivity in Eq.
been associated with an electronic topological transition retd), it can be investigated at low temperatures where the
lated to the extreme diameter of the Fermi surface. We shaRhonon part is negligible, after subtraction @ts. We are
make use of these considerations in the discussion of thehowing such a dependence, for a selected number of speci-

situation in the ¥, gThy ;H, system. mens, in Fig. 9 in a double-logarithmic plot. Besides the
general diminution opy upon the addition of hydrogen, i.e.,
A.y=0.9 the suppression gb,y With X, we note that the(T) de-

: : - .. pendences consist of two contributions: a ldvgart propor-
Even if the mechanism determining the hydrogen SSIUb'l'ﬁonal to T" with n varying between 2.5 andw?aa, aEd,an the
ity in the &* phase and, in particular, its limiting valug,,  range ~10-30 K, a perfecfl? dependence. The latter is
is not quite clear yet—there is no obvious correlation be-expected for helical antiferromagnetiénwhile the former
tween the measurexﬁ;x and the atomic structural param- can be understood through a small anisotropy contribution of
eters of the rare earths in question, see, e.g., the discussiontfi¢ crystal field, with a possible stiffening withdue to the

Ref. 1—it seems reasonable to find bk}ﬁax determined for Presence of H-H pairs ahgned along “’e‘)ﬂﬁ- )
the YooThyH, system the same as in the binary A final remark concerning the value Gﬂ 2 of the dihy-
a*-YH(D),; note that a dilution of Y by 10 at. % Tb in- dride magnetism emerging for>xﬁ;X [Fig. 5b)]. Bulk
duces a relative change in the lattice parameters of less thag ThH, orders at 21 K in a sinusoidal incommensurate AF
10 3 (Ref. 8. On the other hand, it might be worth mention- structure, with a propagation vector close [tl6] which
ing that, in the Tb-freen*-YH, solutions, thec/a ratio is  turns commensurate and parallel [tbl3] at 18 K, with a
growing upon H addition and reaches a limiting valuecoexistence interval between the two configuratitbnk. is
c/a(x%,,)=1.582 at room temperature, which is just the criti- ot clear,a priori, how the propagation vectors existing in
cal value associated with the electronic topological transitiorthe cubic(fcc) g phase will behave in an hcp environment
in Y quoted abové’ with a smaller atomic volume, but a weakening of the ex-
The evolution with hydrogen of the transition towards he-change interaction leading to a decreasTriE]H2 seems not at
lical ordering atT[,b~50 K for x=0 [Fig. 5@] can be de- all unreasonable.
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B.y=0.2 —
The temperature-dependent spin-disorder resistivity can
be written a$ = : E
[ %]
pd=(hkel2mz)(m*T/eh?)?(g;— 1)2I(I+1), (2 g 4
where @;—1)2J(J+1) is the de Gennes factar,the num- <
ber of conduction electrons per atomm* their effective 01 9
mass kg the Fermi wave vector, andl the exchange inter- - o x=0 ]
action parameter. Hence, its decrease with hydrdeset of v 0.02 ]
Fig. 6) can be understood through a weakenihgaused by x 0.06
pumping off conduction electrons, probably a more efficient Y.2Tb.gHx o 015
factor than the equally decreasirgin the denominator. 0.01 b —— 1l —

4 5 6 8 10 15 20

Similar phenomena had already been reported before for T

polycrystallinea* -ErH, and a* -TmH, .1° o
As can be seen from Table Il. the decrease withf p° FIG. 10. Temperature dependence of the intrinsic resistivity in
: Pm the low-T region for several concentrations in the-0.2 alloy sys-

has a Close!y parallel varlatgn to thT%t of th? slope in thetem, indicating the transition from &* to a T® dependence upon
AF-ordered interval between.’ andT,’, showing that the -

. -C hydrogenation.
same mechanisms are acting both uponTiiependence of

T ; ; 0
pm (not too far beIOWTNb) and upon its maximum valuyg, sents rather the complex sinusoidal AF of the dihydride

This means that the electron-phonon coupling in the ordere hase' The fact that the absolute, valuesincreaseas a
range is weakened in parallel with Fhe exchange interactio nction ofx in this T range(while they haddecreasedn the
and this much more than the coupling abm{é’ (see Table y=0.9 systemis another sign of a superimposition of a new

Il for the high-T slopes. On the other hand, the very slight (B-TbH,) magnetic contribution onto an olgb) existing
(if any) decrease of \ itself shows the little influence upon gne.

magnetic ordering that the hydrogen has in this Tb-rich sys-
tem with strong anisotropy contributions.
At the same time, the hydrogen seems to have an imme- V. CONCLUSIONS

diate effect upon the FM transformatlon'bgb (see Fig. 7. The addition of hydrogen into the,Yb; , system leads
In fact, TZ" appears to be very sensitive to external influenceso quite distinct behavior for the two alloys with=0.9 and
SUCh5 as alloying or metallurgical treatment. Thus, T(b3h'|do.2, respectively, mainly because the H atoms enter in solu-
et al” have shown that going from= OT'bl t00.2droppedc’ g (for x<x?*,) in the former case, while they precipitate
from 17510 99 K, and foy =0.25 noT¢" was detectable any ¢ gnce as dihydrided-TbH,) in the latter. This leads, in
longer. As already mentioned in Sec. IlI B, cold-rolllng of addition to the appearance (i§otope-dependenstructural
the x=0 stample had completely suppressed the manifestasrgering in the H sublattice near 170 K, to the observation of
tion of Tc". Hence, the formation of cubiB-TbH, upon  the following phenomena due to the interaction of hydrogen
hydrogenation has a quite perturbing effect upondteis  ith the different magnetic structures presentt) decrease
ferromagnetism of this hcp alloy. of pmag With increasingx for both y values; i) strong de-
The emergence of the antiferromagnetism@efibH, at  ~rease Oﬂ—Lb for y=0.9 and slight(if any) decrease foy

T=10K (Fig. 8 perturbs also t_he spin-wave spectrum of thezo_z; (iii) suppression and slight shift dT‘(r:b with x for y
alloy at low temperature. Figure 10 presents a double- = . ThH, ot ,
logarithmic plot of the intrinsic resistivitypractically justits — 0-2: (i) émergence of ", for x>Xp,,=0.21(1), in the
magnetic contributionas a function of temperature, showing casey=0.9, and, for all§H>0, in the casey=0.2; in both

a netT* dependence for the=0 sample, while the H-loaded alloys is the value ofT " *~const withx (8.5-10 K but
specimens exhibit rather a closeT® dependence. Now, the much smaller than in bulle-TbH, (21 K).

former correspondsto spin-wave scattering in metals with  Neutron-diffraction experiments are indicated and pro-
conical magnetism, i.e., helical plus FM along tbeaxis, grammed for a qualitative understanding of the above de-
which is the case for pure g%Thy g, While the latter repre- scribed interaction of hydrogen with magnetism.
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