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Long-range and short-range magnetic order inB-HoH(D),,, (x=0 and 0.19)
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The magnetic ordering existing at low temperatures in the stoichiometric dideuteridev#snvestigated
by powder neutron diffraction. Below the Bletemperaturd ,= 6.3 K, the magnetic structure is a modulated
incommensurate antiferromagn@F), with a slightly temperature-dependent propagation vector. Ffgm
~3 to 4 K on anddown to 1.4 K, it is coexisting with a commensurate AF configuration, modulated with a
propagation vectok,; = % (113. The transition af; is strongly hysteretic for both configurations, which is also
manifest in electrical resistivity measurements. Magnetic fluctuafshmat-range ordeiSRO magnetisnhare
observed fofT>T, up to nearly 45 K. The superstoichiometric compound KHef2xhibits quite intense SRO
magnetism belowl =8 K, which seems to be related to that existing Tor T, in the pure dideuteride HoD
and can be fitted in the hexagongphase cell. Attempts to observe ordering of the excess D atoms in the
octahedral sublattice of Hg, below room temperature were unsuccessful despite strong indications towards
such a phenomenon from resistivity and x-ray lattice-parameter measuref$0163-18268)05510-§

l. INTRODUCTION =16 K, modulated with a propagation vectér(TbD,)
_ _ o =k,;=3 (113. For the second system, on the other hand,
It was recognized some time agthat the periodic mo- poth the intermediate and the low-temperat(li) phases
ment structures in the antiferromagneti®F) state of the \yere incommensurate:k,(DyD.,)=(0.275, 0.275, 0.750),
cubic rare-eartliR) dihydrides, whose modulation wave vec- petween 5 and 3 K, anél;(DyD,)=(0.258, 0.273, 0.750)
tors were found to propagate in low-symmetry directions ofygjow 3.5 K, both wave vectors being closelt¢113).
the lattice, needed a special type of Fermi-surface nesting for A,qiher specific phenomenon, particular to the R hy-
theltr exp]lanaﬂcin. Thgi’ ”“pftohpose? for t?g gropg%aggn drides, is the often dramatic influence of the octahedrg) (H
vector a form ._(g’g’. 0, Wi ¢va ues of 9.5 and v. 75, hydrogen atom, present interstitially in the fluorite-type
which fitted quite satisfactorily the experimental situation atlattice of superstoichiometric compounds-RH(D)
that time. On the other hand, it is also kndwhat the mag- - sub . mp 2+
dpon their electronic and magnetic propertléBhus, new

netic structures of many rare-earth based intermetallic sy A di te struct int
tems are the result of the competition between long-rang&oMMensurateé and incommensurate structures were ntro-

Ruderman-Kittel-Kasuya-YosiddRKKY ) exchange interac- duced in3-ThD, ., for x between 0.15 and the phase limit
tions and the interionic interactions, which often lead to frusXma{Tb)~0.25 (Ref. 5, while only traces of short-range-
trated situations producing modulated configurations with in-ordered SRO magnetism were detected #1DyD, , ,, with
commensurate wave vectors. It appears that a very similag=0.135(Ref. 6. Another exciting property, closely related
situation exists in R-H systems where rather complicatedo the formation of an ordered Hsublattice above a certain
magnetic phase diagrams are observed at low temperaturgoncentration and below a certain temperature, is the mani-
(for a comprehensive review, see, e.g., Ref.Thus it was festation of metal-semiconductor transitions as observed by
noted that the heavy rare-earth dihydride8;RH, with  electrical resistivity measurements for several ,RH
R=Tb, Dy, Ho, and Er, exhibited commensurate AF con-systems. The ordered H sublattice had been identifieth
figurations modulated alor{d 13], whose magnetic moments B-TbD,,, as a NiMo-type structure of tetragonal symme-
were found to be parallel t001] for R=Tb and Dy but try, DO,,.

close t0[100] in the case of HoR) they were preceded by an The earliest reliable observations of magnetic transitions
“intermediate” structure before turning paramagnetic. Thisin HoH, were done by specific-heat measureméread
intermediate structure was determined in recent neutrorMossbauer effectgiving aTy of 5.2 to 5.4 K. Related low-
diffraction experiments for the casgsThD, (Ref. 5 and T  specific-heat’ neutron-inelastic-scatterifg, and
B-DyD, (Ref. 6 to be incommensurate, with a propagation resistivity'? experiments were mainly used to study the crys-
vectork; varying with temperature. Thus, for the former sys-talline electric fields in HokD),. After a first unsuccessful
tem, one hadk;(TbD,)=k,~3 (116) betweenT, (=Ty) attempt to characterize the observed neutron-diffraction
=19 and 14.8 K, while the loW- phase(overlapping in part  spectrum by Coet al,'® Shakedet al* had determined the
the incommensurate opewas commensurate below, magnetic structure of the commensurate LT phase in HoD
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and established the existence of an intermediate phase.
nally, detailed LT-susceptibility and electrical resistivit}
measurements through the whole existence range of3the
phase disclosed the fine structure of the magnetic transitior
in the pure dihydridex=0. As to the superstoichiometric
dihydrides, only the Mssbauer study on Er:HgH, by
Friedt et al® furnished a qualitative indication for the pres-
ence of a noncubic crystal field, before the complete
susceptibility® and resistivity® investigations mentioned
above showed the evolution from magnetic long-range orde
(LRO) to SRO with growingx. A tentative magnetic phase
diagram had issued from the latter studies.

It seemed important to analyze the magnetic structure ii
the systemB-HoH(D),., and to compare with the earlier
investigated3-ToH(D),., , (Ref. 5 and B-DyH(D),.,® in 0 —_—
view of the similarities and the differences between the twc 0 100 200 300 T(K)
latter. For this purpose, we have undertaken a neutron- . o
diffraction investigation through the whole magnetically or- FIG. 1. Temperature deper_ldence of the eIectnca} resistivity of
dered temperature range and determined the prevailing ma§-"oHz-x. with x=0 (open signs and x=0.12 (full signs. In-
netic configurations in the pure dideuterideHoD,, refining et enlarged View of the lod- resistivity for thex=0 Sa.mple
the data reported by Shaked al* and disclosing new phe- and of .the der'vat've’_Ap./AT’ for t.he.x=0.12 sample, in the
nomena, such as the coexistence of commensurate and im_agnetlcally erdered reglor_L The |n_d|cated temperatures corre-
commensurate phases down to the lowest temperatures and nd to special points as discussed in the text
the presence of SRO magnetism quite abd@ye For the
superstoichiometric compourgtHoD, ., , we have selecte
a concentratiox=0.12, a value hopefully large enough to
permit the neutron-diffraction observation of,4dublattice
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d and a neutron wavelength=2.425 A, in the temperature
interval 1.4<T=<45K. Additional spectra were taken at
room temperature and at 240 K when searching for

ordering following the indications from resistivity and x-ray Ho-sublattice ordering. For the same purpose, we had applied

lattice-parameter measurements. At the same time, we ayéelrious cooling rates across the critical range between 100
going to analyze the well-developed magnetic SRO preserﬁnd 250 K: from~0.1 10 several 1%)_K/m|n. The data
in x=0.12 belowT~8 K and that seems to be related to the 2"alySis was performed using the Rietveld-type program

SRO observed fox=0 aboveT FULLPROF®
N The lattice parametes of both samples were determined

by x-ray diffractometry, employing Cu & radiation, and
Il. EXPERIMENTAL using a Siemens D-5000 powder diffractometer equipped
ith an A.Paar He-TTK low-temperature attachment work-
ng under dynamic vacuum. The measuring precision on a
singlea(T) point was better thart 1x10 2 A.

The samples for the diffraction studies were prepare
from nominally 4N holmium ingots purchased from the
Ames Laboratory(Ames, lowa, containing(in at. ppn) as
main metallic impurities: 45 Fe, 30 Ta, 6 Hf, 5 Cr, 5 Ni, 3
Cu, 3 Zr, and 10 ppm other rare earths; and as major gaseous Ill. RESULTS AND DISCUSSION
solutes: 650 at. ppm H, 600 F, 310 O, and 300 C. 1to 2 g )
ingots were loaded with deuterium according to the two-step In \(vha't follows, we shall first present the' resu]ts of the
procedure described in detail in Ref. 3(i) the preparation Investigations pertaining to hydrogen ordering, |.e.,_those
of the “pure” dideuteride by filling all available tetrahedral performed in the interval up to room temperature,_whlle the
sites at 550—600 °C followed by pumping off any D a,[Omssecond'part WI” concern in more detail the IGwregion of
on octahedral sites(ii) adding the octahedrat atoms at magnetic ordering.

300-350 °C to yield the superstoichiometric compound. The

final specimens of the compositions Hofgs and A. Hydrogen ordering

HoD, 14,) Were crushed to powder and used for both the
neutron- and the x-ray-diffraction investigations. The resis-
tivity samples were hydrogen-loaded>1&x 0.2 mn? foils, Figure 1 shows the resistivity of both hydrogen composi-
provided with four platinum contacts, analogous to those detions through the whole measured temperature range. The
scribed in Ref. 15. The data presented here are actually ipure dihydridex=0 has been partly taken over from Ref. 15
part unpublished results from that study and further experiand serves as a base to compare with. There is not much to
mental details can be found there. The used concentratiori® emphasized here besides the [bwaagnetically ordered
x=0 andx=0.12 are based on a “pure” dihydride of the part whose fine structure is shown in more detail in the inset
composition HoH gqy). and shall be treated later.

The neutron-diffraction spectra were taken on the G4.1 The x=0.12 sample, on the other hand, exhibits all the
spectrometer situated at the cold-neutron guide of the @rphenteresting features such as discussed in Ref. 15 for the
reactor of the Laboratoire lom-Brillouin at Saclay, employ- x-rich specimens. We note, with increasing temperature, a
ing an 800 cell multidetector in the range X220 =<92° semiconducting region due to carrier localization caused by

1. Electrical resistivity
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FIG. 3. Neutron-diffraction spectra of HgDn the range 1.4
5.142 - . . : )
<T=<7 K, showing the fine structure and the evolution of the mag-
5.140 i netic peaks.
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FIG. 2. X-ray lattice parameters ¢8-HoD,. ,, with x=0 and Bzoo k=—0.8510)x 10" “/atom D,

x=0.12, as a function of temperature. Thehape in the latter case

i.e., some 30% stronger in the loWordered state.
is an indication for @-sublattice ordering below 250 K. ° 9

L . 3. Neutron diffraction
atomic disorder and ending near 100 K, followed by a me-

tallic part due to the formation of a delocalized band near the Having observed strong indications towardsublattice
Fermi level driven by the ordering of the octahedraitoms ~ ordering in the region around 250 K in the=0.12 speci-

in this T range, and finishing by a metal-semiconductor tranhens both from the(T) and thea(T) dependence§-igs. 1
sition atTyys=261 K when the delocalized band breaks up.@nd 2 and in view of the successful experiment on
Again, as for thex=0 sample, there is some structure due toB-TbDz.x (Ref. 7 for 0.10<x=0.25, we have investigated
magnetic manifestations superimposed belew K, which several neutron—dlffractlc_)n spectra of HeD in the critical

is shown in the inset in differentiated form and will be dis- fange very thoroughly, in the search of any superstructure

cussed later together with the neutron data. lines. Unfortunately, despite a rather high signal-to-
background ratio and a good instrumental resolution, we
2. X-ray lattice parameters could not detect any structure attributable to g dperlat-

. tice. The only additional lines were traces of a few percent
The temperature dependence of the lattice parameters f?lrexagonaly-H0D3 precipitates, which is a proof that the

the two specimens used in the neutron experiments werg oo
X . S ample was very close to th@phase limit, with small parts
measured by x-ray diffraction and are shown in Fig. 2. The b Y ep P

N ; . ; overlapping into the two-phase region. Thus, although prac-
qualitative Change Wh_e’? going from th_e pure dlde_uterlde tcEically at the phase boundary, tkeconcentration in Hob;,
the superstoichiometric is, first, the lattice contraction due t X -

. ; o o . . . eems not sufficient to make the ordering transition visible
the increasingly ionic attractive interaction with the intro- b g

duced octahedral D atoms and well known from other.y neutron diffraction. Another possibility is an Iinsuffi—
B-RH(D),., systems second, the nonlinear behavior, ciently developed LRO of the pDsuperlattice leading to

: O . .’ broadening and practical disappearance of the superstructure
whoses shape is a strong indication of superlattice formation

) . lines, although the ordering seems strong enough in the mac-
and has been observed recentlgRH, ., compounds with roscopic measurements described above. A spectroscopic
R=Y, Gd, Tb, and Dy, for high values:’ P : b P

A confirmation of the D®, structure as seen iB-ThD
The room-temperature lattice constant for the=0 Qz w 2t X

.. (Ref. 7 remains, therefore, open and highly desirable for
sample, a(HoD,)=5.155(1) A, compares favorably with other RD,, , systems
the only published value by Pebler and Wallatdor the X '
hydride, a(HoH,) =5.165 A, the difference of 2010 3 A
corresponding to the isotope effect in other Réystems
The linear slope in Fig. 2 for this specimen gives a thermal 1. x=0
expansion coefficient between 30 and 300 K of

B. Magnetism

As can be seen in the inset of Fig. 1, the resistivity of
a=(1/a)Aa/AT=6.0(5)X 10" 5/K for HoD,, HoH, exhibits two additional transition regi_ons below the
Neel temperaturd y=T,=6.3 K: a change in slope at 4.7

which is very close to ther values from Ref. 17; the con- K and a hysteretic break between 2.5 and 3.5 K, in agree-
traction observed between the two D concentrations woulagnent with the susceptibility data of Boukraa and
correspond, in a linear interpolation, to a coefficight co-workers:* Shakedet al* had reported only one additional
=(1/a)Aal/Ax, at the respective temperatures transition, at 4.5 K, for the disappearance of the “intermedi-
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FIG. 5. Temperature dependence of the integrated intensities,
taken on the group of (111)lines at 2 ~30° [Fig. 4(b)], of the
commensuratécircles and the incommensurafequares configu-

é’ rations. Note the strongly hysteretic behavior in the regiomgfat

£ ~2.0t0 35K,
an enhanced manner the manifestations of both magnetic
configurations At the same time, it might explain the sur-
prising time dependence of some magnetic lines described

(b)28 29 0, odeg) 3 32 by Coxet al!® in HoD, arourd 4 K by their inherent insta-

bility in this range.
) ) o ) The second unusual observation is the presence of the
. FIG. 4. Evolutlon Wllth tempergture of the.prlnupal .magnetlc. “intermediate” configuration down to the lowest tempera-
lines of the spectra in Fig. 3, showing the varying behavior of theiryras together with the LT structure. This had not been the
sublines.(a) at 20 ~23°; (b) at 26~30°. case for TbD (Ref. 5 neither for DyD,® where there ex-
isted an overlap interval for the two magnetic phases of a
ate” phase and thésimultaneous growth of the LT com- relative widthsT/T;~0.1 and where the intermediate phase
mensurate phase. We took, therefore, particular care by mesanished, in principle, fof <T,. Thus, in the case of HoD
suring 36 complete spectra in the interval 1.4 through 7 Kit seems no longer justified to call the highErphase “in-
and discovered, actually, more details than expected evetlermediate.”
after the resistivity results. We have determined the magnetic structure of the prevail-
Figure 3 presents a three-dimensional plot of the neutroing configurations and are showing the diffraction spectra
spectra up ta@ =7 K, showing qualitative similarity with the and some of the corresponding best fits at three typical tem-
spectra of Ref. 4 but disclosing many surprising details. Ongeratures belowr;, betweenT,; andT,, and just belowr,,
notes, in fact, the simultaneous presence of two magnetim Fig. 6: (i) Fig. 6(a), at 1.4 K, exhibits both the commen-
configurations down to the lowest temperatures, which folsurate and the incommensurate phases pre§erfig. 6b),
low different thermal evolutions. This behavior is illustrated, at 4.5 K, has only the incommensurate phase left, but a short-
for example, through the isothermals of the first two linerange magnetism begins to appear as broadening at the base
systems in Fig. 3, around @=23° [Fig. 4] and 20 of the main magnetic linegjii) Fig. 6c), finally, taken at
=30° [Fig. 4(b)], denoted respectivelyl13 and (331) in  6.42 K, presents well-developed magnetic SRO lines, with
Ref. 4. One can observe the apparently correlated decreafee rest of the incommensurate phase.
and increase withT of the subline amplitudes at The commensurate phase observed below the hysteresis
=23.0° and 23.3fFig. 4@)], but also the varying position of domain aroundT, corresponds to modulated antiferromag-
the subline at ®=29.3° shifting gradually towards 29.1° netism with a propagation vectér = 3 (113, in agreement
between 3.8 and 6.4 KFig. 4b)] indicating a temperature with the measurements by Shaketal.* and also with the
variation of the magnetic propagation vector. No splitting oflow-T configuration inB-TbD, (Refs. 4 and b but not in
the (113 or (331) lines had been resolved in Ref. 4. B-DyD, (Ref. 6 that was found to be incommensurate. For
Figure 5 summarizes the thermal comportment of the twdhis commensurate phase, the magnetic-moment amplitude
configurations as measured on #331) line group with in- on the Ho atoms is independent of their positions and the
creasing and with decreasing temperature. We note strongfinement gives, at 1.4 KM |=5.76(3) g, with a com-
hysteretic behavior for both configurations in the region bedmon moment direction characterized by the components
tween 2 and 4 K, the width of the hysteresis being somewha¥l (ug)=(4.63-2.67-2.14). This amplitude|M.| is
narrower AT~ 1 K, in the case of the LT configuration. This smaller than Shaked's 64) ug as it does not contain the
is a beautiful confirmation of the hysteretic domain in resis-magnetic moment of the incommensurate phase coexisting in
tivity as shown in the inset of Fig. @where it represents in this temperature range. The latter is characterized by a propa-
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significantly less than the 10g of the free H3" ion. These

authors had attributed the low magnetic moment to a quench-
ing by the crystal field and a possible loss to conduction
electrons. We believe, however, that the clearly present mag-
netic SRO within the long-range-ordered interyglg. 6(c)
but also Fig. @)], though difficult to estimate, should make
a non-negligible contribution to the total moment. The reli-

‘ ‘ ‘ N ability factors for the nuclear Bragg reflections and for the
L S two magnetic contributions are, respectivelRy=1.4%,

" & " L T T I T T Y VO T N TR TN TTT TR T

o M‘ e e ”‘”ﬁ”””” il 3ie Rumc=4.2%, Ryic=6.2%.

p ~ 5 In the temperature rangg <T<T, [Fig. 6b)], the com-

2 ©(deg) mensurate phase has vanished, and one obtains the best fit, at
4.5 K (with increasing T), using a propagation vector
k,(4.5 K)=[0.274q1),0.274q1),0.7474(1}), indicating a
very small but, in view of the high reliability, non-negligible
temperature-dependent drift away from the commensurabil-
ity value (0.25, 0.25, 0.76 The modulation is still squared,
with an amplitude|M ;.| =5.38(3) ug and with a moment
directionM;.(ug) =(4.68,—2.58, 0.63). The reliability fac-
tors areRy=1.5% andRyi.=3.0%.

o ‘ N The magnetic moment associated with this incommensu-
* Mo e e e wlic - rate phase has thus grown from that at the lowest tempera-
ture, as is reflected through the variation of the magnetic

12 28 44 6, Ode.) 76 92 peak intgnsity in Fig. 5. As the te_mperatur_e increases from
(b) | T,, the incommensurate modulation remains squared up to
T~4.9 K where the B, harmonics contribution begins to
T=642K decrease progressively and finally disappears near 5.5 K.
Hence, from 5.5 K toTl,, the incommensurate modulation
turns purely sinusoidal. As concerns the behavior of the
propagation vectok, betweenT; and T,, it continues to
vary slightly away from k; to reach the valuek,
=[0.276%2),0.276%2),0.7464(4) at 6 K. The same re-
marks concerning the contribution of magnetic SRO as in the
previous paragraph are also valid here.

JL_ The spectrum in Fig. @), taken atT=6.4 K and where
92

Intensity

Intensity

Intensity

the rest of the incommensurate lines can be seen, is notable
12 28 44 60 5 odeg) for its clearly developed SRO peaks centered @t~21°
(© and at D ~35°. These peaks had already begun to show up
at 4.5 K[Fig. 6(b)] as broadening near the main magnétic
FIG. 6. Neutron spectra of HoDat three typical temperatures I'.nes and persist to rather high tempefatures, up 43 K. A
and their best fits for the two lower one&@) T=1.4K: (b) T fit of thege pe_aks was not very satisfactory and we shall
—4.5K; and(c) T=6.42 K. The vertical marks indicate the posi- POStPone its discussion to Sec. Ill B 2 where the supersto-

tions of the various corresponding configurations employed, witichiometric compound Hop»is shown to exhibit analogous
the respectivek,, k,, and X,; the SROM fit for Fig. 6(c) corre-  Put much stronger SRO lind=low7 K. But already now we

sponds to that for Hop,, and is shown in Fig. 8. Inset in Fig. Wish to draw attention to the striking asymmetry of both
6(c): enlarged view in the interval 6.3¥6T<7 K, showing the SRO peaks, with the right-hand shoulder extending towards

asymmetry of the two main SRO lines. higher angleginset in Fig. §c)]: a first indication of pos-
sible anisotropy.
gation vector k,(1.4 K)=[0.273X1),0.273%1), Figure 7 permits to visualize the thermal evolution of the

0.7482(2), close to but yet significantly different frok, . main SRO peak at@=21.5° in the range fnrm 7 K through
Moreover, as is visible in Fig. (8), small extra magnetic 45 K, roughly at the limit of detectability. This is again quite
peaks are still observed and can be nicely indexed as correompatible with the resistivity data of Fig. 1 where the
sponding to &,. The refinement given in Fig.(& for this  decrease above the Blaemperature of 6.3 K can be a mani-
incommensurate phase yields a moment-amplitude ratifestation of critical magnetic fluctuations. The temperature of
[Mgiol/|M 2| =3, thus perfectly corresponding to a squarethe minimum itself, 23 K, is the result of a competition be-
modulation. This leads to a constant moment on the Ho attween decreasing SRO and increasing phonon contributions
oms giving |[M;;|=4.03(4) ug with a moment direction with T. Itis interesting to note that neither Th[Ref. 5 and
Mic(ug) = (3.64, —1.64, 0.54). The resulting maximum to- DyD,,® in neutron diffraction and resistivity, nor EsHRef.

tal moment at low temperatures|isl;|=7.0(1) ug, some- 19) and GdH,? in resistivity, did show any sign of SRO
what bigger than the value determined in Ref. 4 but stillabove the ordered AF range. One might wonder if the par-
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FIG. 7. Thermal evolution of the SRO peak a®221.5° in FIG. 9. Thermal evolution of the SRO peak a®2-21.4° in
HoDs, in the interval 6.4 T<45 K. Note the rest of the sublines at HOP212in the interval 1.4&T<8K.

ig:wzg'io and B=29.1° belonging to the configuration Wiy 54521 structure of the-phase trihydride, with the param-
' etersa=3.547 A andc=6.639 A, as shown through the
SRO-M ticks in Fig. 8 together with the perfect f@ephase
ticular strength of the incommensurate phase in Boithich  fit of the nuclear lines. Note also the presence of traces of the
persists belowl; down to the lowest temperatures, is relatedy phase at higher angldsn particular on the right-hand
to the same phenomenon which is also responsible for the fathoulder of th€220) line] corresponding to a few percent of
reaching magnetic fluctuations aboVeg. As to the size of HoD; and already mentioned in Sec. Ill A 3. Nothing is
the magnetic SRO domains, they reach fregro=55A at  known about the magnetism of the trihydride but its respon-

7 Kto Agrg=30 A at 45 K. sibility for the SRO lines observed in the neutron spectrum
of Fig. 8 can be excluded already for intensity reasons, in the
2.x=0.12 same way as the possible presence of®D);, ferromag-

: netic below 2.5 K2
The neutron spectrum of HgD, taken at 1.4 K(Fig. 8 e ; . L
exhibits broad but rather intense peaks of magnetic origin _Tk_us fit using the hexagonal pell of the trihydride as
indicative of SRO. It is remarkable that their positiofat priori troubling, even if the resulting parametersAare not ex-
least those of the clearly identifiable lines & 2 21.5° and actly the measured ones foy-HoD;, a=3.64A andc

. A . =6.56 A. On the other hand, it turns out that the fcc unit cell
20 ~34.5° are practically coinciding with the SRO peaks '
of thex=0 specimen abovE~ 6 K, even when allowing for of the B8 phase and the hcp cell of thephase are related. In

the lattice contraction in Hopy, (cf. Fig. 2. our particular case, with(HoD,) =5.15 A (cf. Fig. 2 and

As already mentioned in the preceding subsection, a fit Oﬁthr%)(ng?st) s:uzggs}tj;ﬁgwe :avfe:;ntirgﬁ?ﬁah%ﬁ/ \/25(]: agcl%
he SRO i hi ially wh 2 o
the SRO lines was not easy to achieve, especially when try(5111)||(000]), such as observed for martensitic transforma-

ing to use the fcg3-phase cell as base unit. Neither had we . .
g & >Eons fca—hcp in certain metals and alloysee e.g., Ref.

succeeded in applying a tetragonal distortion, which migh 2. (] litv. th tal struct ft h ;
have resulted from a possible ordering of the octahedral ex- )- ( n rea'gy’ 4 € crystal structure o he phase is more
complicated®® D*;4, but this lower symmetry concerns only

cess deuterium atomsee e.g., Refs. 3 or).70n the other . , . .
hand, a reasonable fit could be obtained when using the heg?gn‘geme”um sites and is of no consequence for our discus-
As to the asymmetric shape of the peaks, apparently more
developed in the case of t{@11) SRO-M peak near 35%ee
also inset of Fig. &)], it could indicate a quasi-two-
dimensional order, with more ordering along thexis.
The magnetic SRO structure disappears abodK, as
can be seen in Fig. 9 following the isothermals of the main
line at 20 =21.5°. The analysis of the linewidths yields a
domain-size variation from grg~300 A to ~50 A when
going from 1.4 to 8 K, with practically the same value at a
| ot s ddkou temperature ©7 K as for the SRQpeak in Fig. 7 in the case
A.%Mwm;\{{k of thex=0 specimen. Note also that the break in the slope of
‘ the resistivity at 6.3 K in the inset of Fig. 1 for the=0.12
6 2 ©(deg.) sample corresponds rather closely to the vanishing tempera-
ture of the SRO peaks. Similarly, the flat peaks in
FIG. 8. Neutron spectra of HoD, at 1.4 K. The best fit of the susceptibility* in HoH,..,, x>0.06, and the broadening of
magnetic SRO peaks is indicated through the corresponding verticshe Mossbauer spectruhin HoH, o, (with an undetermined

marks. Note also the presence, at higher angles, of a small peakvalue), suggesting magnetic SRO, find here direct confir-
corresponding to a few percent gfHoD; phase. mation by neutron scattering. The slope minimum in resis-
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tivity near 14 K(Fig. 1), observed in all3-HoH, ., speci- pound HoD ;, exhibits, below 7 K, rather intense SRO mag-
mens withx>0.1 and tentatively attributed in Ref. 15 to the netic peaks, apparently related to the SRO magnetism ob-
limit of the SRO phase, should now be viewed rather as &erved in pure HoPaboveT,.

kind of “compromise” temperature between the downturn Thus, when analyzing the magnetic structures of the three
towards the residual resistivity and the upturn driven byB-RH(D), systems with R-Tb,®> Dy, and Ho (this work),
magnetic fluctuations. The upper limit of the SRO region inone notes that the suggestion by YLias to a sinusoidally

the phase diagram should now be set-& K. modulated AF configuration witkk=(¢,{,1-¢) is qualita-
tively confirmed, with= 3, for the low-T structures propa-
V. CONCLUSIONS gating with k;. On the other hand, the observation of an

) o ) ) ) intermediate AF structure with an incommensurate propaga-

High-sensitivity _cold—.neutron—d|ffract|on gxperlmepts tion vectork,, before the paramagnetic region, is not pre-
have been used to investigate eventual sublattice ordering @fcted by the nesting features of the Fermi surface but rather
the octahedral hydrogen atoms in the superstoichiometrigy|oys from the frustrated situation between the RKKY in-
compound HokD), 1, Despite strong indications towards (eractions and the crystal field. In the cases efy and
such an ordering from electrical resistivity as well as from, k, is close to(£,£,1-0) while, for R=Tb, it is rather
x-ray lattice-parameter measurements as a function of te”h(g,g,l-zg). For the superstoichiometric systems, the situ-
perature, thex concentration is apparently too low or the 446 appears to be quite complicated and varying from one
LRO of the superstructure not enough developed to perm'(t:ompound to another: in ThD,, one hask;~(¢,¢,1) and
the detection of the ordered superlattice by neutrons. K,~(Z1,¢2,1) for x=0.18 andx ’0.24. in Sy@ ' \,/vith X

On the other hand, we have succeeded to determine and rﬁo 1315’ \3\/’e only observe weak SR’O. and inﬂéap with
characterize all existing magnetic configurations in the purg,_5 15" e strong SRO present at IGwresembles much
(x=0) dideuteride, HoR (i) an incommensurate modu- the far-reaching SRO of the pure HpRboveTy .

lated structure, below T,=6.3K, with a (slightly It will be interesting to investigate the SysteBAErD, .,
tfmperature-dependent”prqpagatlon vegtor K2(1.4K)  poth as concerns the analysis of the prevailing magnetic con-
~(0.273,0.273, 0.748)(ii) joined, fromT,~3 to 4 K on,  {jg rations and the coexistence range of the structures with

by a comTensurate AF configuration W'th a propagatlorkl and k, as well as the possible observation of magnetic
vectork; =3z (113, the two structures coexist down to the sp Work in this direction is in progress.

lowest temperatures measured, 1.4 K; the transitioh, ds

strongly hysteretic for both configuration&ii) anisotropic

SRO magnetism is observed abdveand remains detectible

up to nearly 45 K. We are grateful to Dr. J. JanczdkV/roclaw) who per-
The neutron spectrum of the superstoichiometric comformed the x-ray-diffraction measurements.
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