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Interplay of magnetic and hydrogen orders in the laves hydride YMrpH, 3
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We have performed a neutron-diffraction study of the Laves hydride YMgto investigate the interplay
between the atomic order in the hydrogen sublattice and the magnetic structure. We find that structural order
in the H sublattice and antiferromagnetic order in the Mn sublattice have the same rhombohedral symmetry. At
ambient pressure we observe a first-order magnetostructural transition, where the magnetic sublattice trans-
forms from a paramagnetic state to an antiferromagnetic one, as the hydrogen atoms form the ordered super-
structure. An applied pressure decouples the two types of order, which then occur at different temperatures. It
allows us to separate the effects of structural order from those related to the average Mn-Mn distance.
[S0163-18297)01430-9

Magnetic instability in the Laves compound@Mn,  magnetic moment and a high scattering length for hydrogen
(whereR is rare earth or Y has attracted much interest in (or deuterium. A high-pressure experiment could bring im-
recent years. Their magnetic properties are strongly sensitiveortant information since they allow the lattice parameter to
to Mn-Mn distances, with a suppression of the magnetic moYa'y Without any change of the chemical content and there-
ment below some critical distanced{=2.7 A).} Com- fore to separate both effects. We studied both magnetic and

pounds like YMn, where the first-neighbor Mn-Mn distance crystal structure in YMgH, 5 by neutron diffraction at am-

dy is slightly aboved,, show complicated types of mag- bient and high pressure, using isotopic substitution H/D to

netic order and a large magnetovolume anomaly. This sens“—jentlfy ordering processes in the magnetic and hydrogen

tivity to interatomic dist has stimulated wdi ublattices.
ity to Interatomic distances has stimulated many studies o Samples of YMgn(H,D), 3 were prepared by absorption of
the influence of an applied pressure or chemical substitutio

"hydrogen(deuteriun). The crystal structure was checked b
Together with modification of the electronic band structire, x}/ray giffr(action atnr)oom temyperature showing a rhomboh)é-

hydrogen doping increases the lattice parameter by filling th@a | distortion in agreement with Ref. 6. We studied a com-
interstitial sites in the metal lattickso that it could be con-  pletely deuterated sample YMD,; and a sample
sidered as a “negative pressure.” In Y, Mossbauer ymn,H, D, having a zero neutron-scattering length for
and magnetization experiments show the increase of thghe (H,D) sublattice. High-resolution neutron-diffraction ex-
magnetic ordering temperature @sncreases from 0 to 4.3, periments were carried out in ILL on the D2B spectrometer
in agreement with the general behavior expected®RMin,  at room temperature. High-intensity measurements were per-
compounds with increasingly,.*° In the concentration formed on diffractometers D1B in ILL and G6.1 in LLB in
range kx<3.5, a ferromagneticlike behavior was ob- the temperature ranges 1.5—-300 and 8—400 K, respectively.
served, with a few different magnetic phases still not charHigh-pressure experiments up to the pressure of 6.6 GPa
acterized up to now. In contrast, the compound with maximaivere performed on G6.1, using a sapphire anvil cell and a
H content YMnH, 3 shows a rhombohedral distortion of the specific neutron setuf® both at ambient temperature and
original cubic cell and seems to be antiferromagneticis ~ down to 4.5 K. Data were analyzed using #he.LPROF re-
important to note that hydrogen not only changes the latticéinement program.Neutron-diffraction spectra of both deu-
parameter, but could also form an ordered sublattice in théerated and “zero matrix” samples are shown in Fig. 1. In
metal host, with different superstructures depending on theontrast to x-ray measurements, we observe strong super-
concentration. Therefore, it could influence the magnetic orstructure lines corresponding to a doubling of the chemical
der not only by varying the lattice constant but also bycell. Since these lines are strong in both samples, they should
changing the local environment of the Mn atoms and bybe attributed to antiferromagnetiéF) order rather than to
inducing distortions in the metal lattice. Neutron diffraction hydrogen order. At the same time, the two spectra exhibit
is the most suitable tool to study hydrogen chemical orderingtrong differences in the intensities of the lines which can be
and its interplay with magnetism, since neutrons have both indexed in the chemical
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only one model which completely satisfied the blocking con-
ditions and yielded a better fit than the disordered variant

0 . . . .
matrix” samples, measured at 1.5(avelengthh =2.523 A). The (Rg=10%). In t.hls m.OdeI’ nine aIIowgd_lnterstlceg are al._
Miller indices of the most intense reflections are shown. The struc-mOSt fully occupied with hydrogens. Within these nine posi-

tural (S) peaks are strongly affected by H/D substitution, Whereastions’ Six inte_rsticg&{two kinFis of 33 positions are fixed.
the antiferromagnetiéAF) peaks remain unchanged. whereas a third kind of B interstices may be chosen in

different ways among the®positions of a higher symmetry
cell, showing that the hydrogen contribution is located at thespace groufR3m. The best fit Re=5.5%) corresponds to a
positions of the structural peaks. The observed superstructuffodel described in the space groRpm, with two kinds of
reflections could be indexed assuming an AF propagationy, positions fully occupied and & positions only half-
vector k=1/2 1/2 1/2. The relative intensities of the AF occupied(Fig 2). The calculated profile and the final param-

peaks suggest that the magnetic moments lie in the plangers combining both magnetic and crystal structures are
perpendicular tk. This can be seen in Fig. 1 by the strong gpqwn in Fig 3 and Table I.

enhancement of the 1/2 1/2 1/2 peak. Assuming the same Between 1.5 and 373 K we observed olyetransition

magnitude of magnetic moment for all Mn atoms, there is,,,4 330 K. Here, both rhombohedral splitting and anti-
only one type of collinear magnetic arrangement. It corre-

sponds to the stacking sequeneer — — of ferromagnetic ferromagne_ztic peaks disappear _by a first-order transition
111 planes. The magnetic structure was refined with théF'g' 4)._Th|s suggests that at ambient pressure hydrogen a_nd
above assumptions together with the crystal structaee magnetic orders occur at the same temperature. Under high

below). The value of the Mn momen(8.2ug/Mn at 1.5 K) pressure we could expect a decoupling of these two transi-
agreeé quite well with the value exbectlaed RMn, com- tionsif they are sensitive to interatomic distances in different

pounds wherd,,, is close to 2.9 A. ways. We observed two different phenomena at high pres-

As in most hydrides of Laves phastéydrogen is ex- Sure. First of all, even a small gppl_led pr_e_ss(ﬂbabout 0.5
pected to occupy tetrahedral interstices ¢2xMVn) of the ~ GPa strongly modifies the relative intensities of the neutron-
metal lattice(positions 12 and two kinds of positionsigof diffraction lines. The intensities strongly depend on the re-
the space groufR3m). The total number of positions is 24 spective orientations of the pressure cell, incident and scat-
per unit cell, containing 8.6 hydrogens. A random distribu-tering beams. We attribute this effect to a change in the
tion of the hydrogen atoms in the 24 positions yielded adomain distribution within the sample. At ambient pressure,
significant discrepancy between the calculated profile and ththe rhombohedral distortion of the unit cell could occur
experimental dataR-=16%). In addition, we did not ob- along any cubic diagoha 1 1, all ofthem being equivalent.
serve the intense diffuse scattering, which is usual for disorSmall pressure inhomogeneitigsisually the pressure is
dered hydrides. Therefore, we searched for a model involvhigher of about 0.1 GPa along the axis of the )oeill make
ing some order in the hydrogen sublattice. The physicathe diagonals unequivalent. The observed variation of the
reason for this ordering is the interaction between hydrogeintensities corresponds to a preferable domain population
atoms through the local distortions of the metal lattice. Foiwhen the rhombohedral axes 111 are along the axis of the
the Laves hydrides, short-range interactions yield a minimapressure cell. In the experiments at room temperature, we
distanced,;~2 A between neighboring hydrogeh§his ex-  used this effect to get a maximal intensity by varying the
plains why in the fully hydrogenated sample, hydrogen atposition of the cell. When measured in the optimal position
oms occupy only 35% of the total number of allowed posi-of the cell, the relative intensity of the magnetic and struc-
tions. Since we do not observe any superstructure peaks, theral reflections is the same at 0.5 GPa and at ambient pres-
ordered superstructure is characterized by the propagatigure. At higher pressures, the intensity of the antiferromag-
vectork=0. In the rhombohedral space group of the lowestnetic reflection 1/2 1/2 1/2 rapidly decreases with pressure,
symmetryR3, we checked all variants of hydrogen distribu- whereas the rhombohedral splitting of the unit cell gradually
tions allowed by the blocking distancd,. We found increaseqFig. 5a)]. This effect cannot be attributed to a

FIG. 1. Neutron-diffraction spectra of the deuterated and “zer
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change in the domain population. As shown by the temperadunderstood as follows. Since hydrogen atoms interact
ture dependences of the magnetic intensitig. 5b)] the  through the local distortions of the cell, decreasing the size
Neel temperaturdly rapidly decreases with pressuiaset, of interstices under applied pressure should enhance H-H
Fig 5(b)]. Since the rhombohedral splitting clearly persistsinteractions and could favortagherhydrogen ordering tem-
above Ty, we conclude that high pressudecouplesthe  perature. In contrast, from the general trends of the magnetic
structural and magnetic transitions. At high pressure hydroerder inRMn, compounds, we expectdecreaseof the or-
gen order should contribute alone to the cubic-rhombohedralering temperature with decreasidg, under pressure. The
transition, which occurs in the paramagnetic state. The magzshange of the balance between the energy scales of the two
netic transition which occurs at a lower temperature, seemsublattices results in a decoupling of the unique magneto-
to be closer to a second-order type, in contrast with the datstructural transition above some critical press(about 2
at ambient pressure. GPa from our data

The most interesting phenomenon is the interplay of mag- Since at high pressure the structural transition occurs in
netic and hydrogen orders. From the coincidence of theéhe paramagnetic state, we could suggest that the rhombohe-
structural and magnetic transitions at ambient pressure, waral splitting is an intrinsic feature of the order in hydrogen
could expect some interaction between hydrogen and magublattice. Under pressurd@, varies as a function of the
netic sublattices. This could also explain why both hydrogerMn-Mn distances in the same way as with changing hydro-
and magnetic orders have the same rhombohedral symmetigen content. Nevertheless, the type of magnetic order re-
Applying a pressure helps to understand the relation betweemains antiferromagnetic, whereas hydrides with smaller hy-
these two types of orders. The observed decoupling of thdrogen content, having at ambient pressure the same Mn-Mn
magnetic and structural transitions at high pressure could bdistances but a cubic structure, show ferromagnetic proper-

TABLE I. Crystal and magnetic structure parameters of ¥,Blp, T=300 K. Crystal structure: space
groupR3m, a=5.5713(13) A,«=60.845(16)°,Z=2. In the cubic phasea(=60°), the atoms ¥1) and
Y (2) will occupy the special positions 0.125 0.125 0.125 an@.125—0.125—-0.125, whereas Mii) and
Mn(2) will occupy positions 0.5 0.5 0.5 and 0.5 0.5 0, respectively. Magnetic structure with propagation
vectork=1/2 1/2 1/2. The parameters for which the errors are not given were fixed in the refinement.

Atom Site p X y z B(A%)  uy(ug) my (me) w; (up)
Y(1) la 1 0.124@3) 0.124@3) 0.124@3) 0.1
Y2 la 1 —0.1240(3) —0.1240(3) —0.1240(3) 0.1
Mn(l) la 1 049277)  0.49277)  0.49277) 0.35 3.443) —1.72(3) —1.72(3)

Mn(2) 3b 1 0.494%8)  0.49458)  0.003313) 0.35 —3.44(3) 1.78) 1.723
D(1) 3b 094 0.12476)  0.12476)  0.50429) 1.345)

D@2 3b 0.94 —0.1422(6) —0.1422(6) 0.286®) 1.345)

D(3) 6c 05 -02985(12) 0.14312) 0.515@12) 1.3405)

Rup=16.4%, Reyp=29.4%, Re=5.5%, Rgagq=6.2%, Rnagi=9.2%
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57 . ] interplay between the two sublattices, we could consider an
oo oo °* interaction through two types of crystallographic distortions,
5-730 : 1éo : 2(')0 : 3(|Jo T either induced by hydrogens, or by Mn moments themsel\{es
o) T(K) to reduce the topological frustration in the magnetic

sublattice!” The two types of order have the same rhombo-
hedral symmetryantiferromagnetic order with wave vector
k=1/2 1/2 1/2 corresponding to a stacking of ferromagnetic
planes perpendicular to a rhombohedralsakil 1, and hy-
drogen order withk=0 and rhombohedraR3m space
coup. An applied pressure decouples these two transitions,
showing that the rhombohedral splitting is related with the
hydrogen order which favors an antiferromagnetic structure.
. . . Studies of other Laves hydrides are now in progress. In
ties. Therefore, we conclude that antiferromagnetic ordethsz whereR is a magnetic rare earth, we could expect a

with rhombohedral propagation vectde=1/21/21/2 is  gecoupling of the two transitions even at ambient pressure
closely related with the symmetry of distortion of the unit y,e to the shortening of Mn-Mn distances. Moreover, the

cell and with the distribution of hydrogen atoms in the Struc'magnetic order of the rare earth could also affect orders in

turally ordered phase. _ _ both Mn and hydrogen sublattices.
In conclusion, we found that in the hydrogen-rich com-

pound YMn,H, 3 magnetic and hydrogen orders occur at This work was partly supported by the Russian Founda-
ambient pressure at the same temperature. To understand tien for Basic Research, Grant No. 96-02-19775.

FIG. 4. (a) Temperature evolution of the structural and magnetic
peaks, measured in YMB, ; with A=4.743 A in the region of the
magnetostructural transitiotb) Lattice parametea, rhombohedral
splitting @, and Mn magnetic momem vs temperature. Large dots
refer to the rhombohedral phase, squares and small dots to the cu
phase.
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