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Abstract

Neutron diffraction experiments (LLB) were performed onsMBe,sD. and its parent alloy Hg¥Fey; to determine the localization
of deuterium atoms, precise their magnetic structures and compare to previously determined low magnetic field magnetization properties
of Hos_, Y. FeysH, (0 < x < 6; z=16). In both alloy and deuteride, the Fe moments are coupled ferromagnetically to each other and
antiferromagnetically to the rare-earth. At low temperature, the magnetic moment of Ho is slightly less than its free ion vajat(9.2
versus 1Qug at.1). A decrease of the magnetic Ho—Fe exchange interaction is observed in relation to the increase of atomic distances upon
hydrogenation. In comparison to parent alloy, absorption of hydrogen leads to a decfgagirstrong increase of the Fe magnetic moment.
A canting model gives a slightly better fit of the neutron data as compared to a pure ferrimagnetic model. The mean canting angle is small
(6 < 10°) in agreement with Herbst and Croat refineddNmolecular field model used in the discussion of the magnetization experiments.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction coupled ferromagnetically to each other and antiferromagnet-
ically to the rare-earth within the frame of Herbst and Croat
Among rare-earth (R)-transition metal (T) intermetallic refined-Neel molecular field moddb] which takes into ac-
compounds, iron-based alloysR»3 (R =Gd-Yb) with a count canted magnetic structures presentin R—T compounds.
magnetic compensation temperatigmp present a great In order to precise the magnetic structures, the influence
interest for applications, e.g. thin films for high density mag- of insertion of hydrogen and yttrium substitution on the
netic and magnetooptic information recording media. In bulk magnetic properties and determine the location of hydrogen
materials, absorption of hydrogen leads easily to the forma- atoms, we performed neutron diffraction experiments (LLB
tion of hydrides of formula BFex3H; (z < 18 underordinary  Saclay) as a function of temperature onsM&ex3D, (z = 0,
conditions)[1]. 16) compounds. Itis to be noted that the yttrium-substitution
Most hydrides of the intermetallic compoundgHe»3 ratex = 1 corresponds to the most canted magnetic structures
(R=Ho, Y) retain the cubi#m3m host structure, R being  observed in the magnetization experimdis
located in site (24e), Fe occupying the four distinct positions
(4b, 24d, 32f and 32f) and H occupying the available inter-
stitial sites[1,2]. We presented recently low magnetic field
results of yttrium-substituted H&e3 intermetallic alloys
and their corresponding hydrides §1qY \FexsH, (x = 0.5,

1,z = 16)[3,4]. The “non-magnetic” yttrium-substitutes Ho (z = 16+ 0.5) were synthesized as indicated in R&f, with
on the unique rare-earth site for both Compo_unds. The EXPET"cubic lattice constants of 1.20397 and 1.24394 nm for alloy
imental results were interpreted on the basis of Fe moments,and deuteride, respectively.
The neutron powder diffraction (NPD) patterns of the deu-
* Corresponding author. Tel.: +33 1 40 781 174; fax +33 1 49 781 203.  terides have been registered at 290 K on the 3T2 diffractome-
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2. Experimental

Single phase Hg¥Fey3 and its deuteride HeYFeysD,
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Laboratoire [&on Brillouin (LLB) at§ac|ay. For the 3T2 ex- —
periments, the wavelength was 1.228nd the angular range i
6° < 20 < 125 with a step of 0.05 For the G4.1 exper- 2500 o o Exp.
iments, the wavelength was 2.487and the angular range —
was 2 < 20 < 82 with a step of 0.1 All the XRD and = —g'lgg
NPD were refined with the Rietveld method, using the Full- g 1500
prof program[6]. It is to be noted that the 3T2 and G4.1 =
experiments performed on E6Fex3D1s and its parent al- @ 19004
loy HosYFep3 present a very similar behaviour, and only the E 500
refinement results concerning the alloy will be given.

o
3. Results and discussion SR R L e S
3.1. Neutron diffraction experiments at 290 K on 3T2 100GO " 20 40 60 8 100 120

20 (°)
Fig. 1 shows the NPD 290K data of 3T2 for
HosYFex3D1g. The refined lattice parameters, atomic coor-
dinates, occupation numbers and thermal factors are given i
Table 1 HosYFey3Di6 retains the same cubitén3m struc-

ture as its parent alloy, with a strong increase of the cu- deuteride keep the same cubic structure in the whole tem-
bic lattice constant upon hydrogenatiahz/a = 3.3% and  perature range 1.5-290 K. The thermal expansion of the lat-
AV/V = 9.3%. tice volume is reported iffig. 3. It is obvious that hydrogen
The deuterium atoms occupy partially the tetrahedrad 32f  gbsorption decreases the thermal expansion coefficient. A fit
96j1, 96, and 96k sites. This deuterium distribution is close of this coefficient using the analytical relations for phonons
to that previously observed in unsubstitutedsFe3D1s 7 contribution (9] and references therein) allowed us to cal-
[7,8]. This indicates that the yttrium substitution, at least at cylate the Debye temperature parameter which is higher for

this substitution rate, has no sensitive effect on the hydrogenthe deuteride as compared to the parent alloy: 261 and 204 K,
distribution in the HgFey3 lattice: particularly very few or  respectively.

no deuterium atom could be placed in the octahedral 4a site,

otherwise this would result in unrealistic parameters for this 3.3. Magnetic structures

atom as was previously observed forgfex3D157. In agree-

ment with the increase of lattice parameter, a strong increase When 2 < 60°, the intensities of the NPD peaks decrease
of the interatomic distances is observed upon hydrogenation,sharply when the temperature increases. This is related to the
e.g. the mean distance between an (Ho, Y) atom and its 13 Fdnfluence of the magnetism of the compound which decreases
neighbours atoms is 0.3045 nm in the alloy and 0.3176 nm in When temperature increases towards the Curie point. In order

Fig. 1. HoYFex3D16roomtemperature 3T2 neutron diffraction pattern. The
full curve is the calculated intensity pattern, the vertical lines correspond to
Nthe Bragg reflections and the residuals are plotted at the bottom of the figure.

the deuteride. to get more precise informations on the magnetic structures
of the hydride, the 3T2 more finely refined crystalline param-
3.2. NPD experiments on G4.1 versus temperature eters are used as the nuclear basis for the Fullprof refinement

of the temperature NPD data obtained on G&ify(2).
The 1.5K NPD spectrum measured on G4.1 is plotted  The refinement results for the site atomic magnetic mo-
in Fig. 2 for the deuteride HgYFey3D16. The alloy and ments at 1.5K are given idable 2for HosYFeys and

Table 1

Structural parameters of H¥Fe,3 and HgYFex3D163 (parenthesis) determined at 290 K from 3T2 NDP

Atom Site xXyz Alloy Deuteride Biso n

Ho 24e x00 x = 0.206 (1) x = 0.209 (6) 0.644 (8), 0.626 (6) 0.8333
Y 24e x00 0.1666
Fel 4b 1/21/21/2 0.619 (3), 0.882 (7) 1

Fe 2 24d 01/41/4 1

Fe3 32§ XXX x=0.176 (2) x=0.175(3) 1

Fe4 32f XxXx x=0.378(1) x =0.370 (9) 1

D1 4a 0 - ~0

D2 32f; XxXx x = 0.0969 (6) 0.902 (0) 0.225
D3 96j1 Oyz y =0.137 (9),z = 0.334 (4) 0.0528
D4 96p Oyz y = 0.0946,z = 0.374 (1) 0.036
D5 96k xxz x = 0.159 (7),z = 0.0304 (5) 0.0058

Quality of fit Rnyc=8.46% (deuteride) and 4.55% (parent alloy).
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Fig. 2. HosYFex3D1g neutron diffraction G4.1 pattern at 1.5 K. Inset: zoom ~ Fig. 3. Temperature variation oAV/V(T = 0) for HosYFez3D16 and
ofthe (1 1 3) peak (arrow). The solid line correspond to “free canting” angles HOsYFezs. The solid lines correspond to calculated values (& for
in the sublattices, the dashed curve to canting of the Ho sublattice only, the indicated Debye temperatufg parameters.

dotted line to ferrimagnetic model (see text).

Ho moment and retain only the Fe moments giving a calcu-
HosYFex3D1s. The Fe moments coupled ferromagnetically lated bulk magnetization close to its experimental value. As
to each other and antiferromagnetically to the Ho moments. shown inTable 2 the fit is only slightly improved. Never-
Three different magnetic models were used during the re- theless, as shown iRig. 4, only the “free canting” model
finement: a ferrimagnetic model, a canting model where the correctly fit the small (11 3) peak, the ferrimagnetic model
canting is observed for Ho only, and a “free canting” model deviating hardly from the background. A vectorial diagram
where the moments of the magnetic atoms in the five sublat-is shown inFig. 4for the deuteride results at 1.5 K. The mean
tices are situated in theDz plan. canting angl® between the Ho and resultant Fe moment is
The ferrimagnetic model is the one which requires the less less than 10as was found from magnetic measurements in
number of parameters. A good fit could be obtained only with hydrides.
aminimum of five distinct moments correspondingtothefive ~ The 1.5K calculated mean Fe moment is close to
sublattices locations of the atoms: one for Ho and four for Fe 2.5ug at."! in deuteride and close to 1.85 at.~ in alloy.
atoms. As indicated iffable 2 the quality of fitis good and  These values compare to those deduced from magnetization
the calculated bulk magnetic moment of the deuteride is closeexperiments: 2.2§g at.”1 and 2.02.g at." 1, respectively.
to its experimental value 85 (f.u.)"! measured at 4.2 K. This increase can be related to the increase of volume upon
We tried to quantify the canting observed previously in deuterium absorption: the Fe 3d bands are narrowed and Fe
hydride of Hg_, YFey3 alloys[3,4] by first addirg a z com- moments stabilizeflL0].
ponent for the Ho moment in the Fullprof refinement. Only a Concerning the Ho moment, both in deuteride and alloy its
small z component could be obtained for an equivalent qual- value is significantly less than its free ion valuepgat. L.
ity of fit (Table 2. This may be tentatively assigned to a magnetic contribution
Finally, we tried to improve the fit of the NPD data using from the yttrium atom which was previously assumed to ex-
z components for the four Fe magnetic moments. In order to plain the neutron diffraction results observed igFé,3 and
decrease the number of free parameters, we used the previou¥gMny3 [11].

Table 2

x- andz-axis components of magnetic moments (Bohr magnetons) of the different atomgYifré&jgD16 and HgYFey3 at 1.5K
Ferrimagnetic Canting Ho sublattice “Free canting” deuteride “Free canting” alloy

Ho (24e) —9.347 —9.27 (-0.42) —9.27 (-0.42) —7.114 (5.5)

Fel (4b) 4.100 4.09 3.917-0.031) 2.87442.227)

Fe2 (24d) 2.582 2.593 2.502 (1.728) 0.702(833)

Fe3 (32f) 2.590 2.569 2.59141.183) 2.724 (0.77)

Fe4 (325) 2.110 2.098 2.114 (0.622) 1.0742.274)

(Fe) 2.487 2.478 2.473 1.855

| Mot 10.46 10.84 10.88 7.55

0 (°) 0 2.6 3.3 9.4

Rmag 3.57 3.86 3.38 2.68

(Fe) is the mean Fe magnetic momenf,o; the bulk magnetization per one formula unit.
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60 e m obtained in previous worK42]. This may be explained by the
AAMAATAA—a 4 4 4 a4, a4 increase of the distance between the Ho magnetic rare-earth
Fe Deuteride and its surrounding Fe neighbours in deuteride as compared
50+ to the alloy.
— LE Rt
"5 - :ﬂ“i_‘-'—-u._‘\ A— . FeAloy
£ 407 u ‘D\\\\ T 4. Conclusion
- | ] ~
o HogYPesaDio s e W “7~~.Ho Alloy . . .
5 Tsiek IR M e Upon hydrogenation, the mean Fe moment increases sig-
= = MR TNal o nificantly as compared to its value in the alloy while due
/_,é?;e = B i in part to the increase of the Ho—Fe distances, the magnetic
Oo 2% \"--~-.\ interaction Ho—Fe decreases. NPD refinements are more in
201 L9 " agreement with a slight mean canting angle<(10°) than
i Fe; . . i pure ferrimagnetism which is consistent with magnetization
0 100 200 300 results, although it is not possible to determine precisely its
Temperature (K) value particularly for canting assumed in each Fe sublattice.

Fig. 4. Temperature variations of the Ho and Fe sublattices magnetizations
for HosYFex3D16 and its parent alloy according to the free canting angles
modelization of the NPD data. Inset: the vectors diagram corresponds to
1.5K free canting angles NPD fit for H¥Fe,3D16. Faor refers to the sum
(per 1f.u.) of the four Fe sublattices vectobg: is the resultant magneti- [1] E. Burzo, A. Chelkowski, H.R. Kirchmayr, H.P.J. Wijn (Eds.), Landolt-
zation of the compound. Bornstein Group Ill, vol. 19-d2, Springer, Berlin, 1990.

[2] M.B. Harris, G.A. Stewart, D.C. Creagh, Solid State Commun. 85

We refine in the same manner the different NPD patterns of (1993) 389.

both HaYFex3D16 and Ha Y Feys for all temperatures. The [3] J. Ostoero, V. Paul-Boncour, J. Solid State Chem. 171 (2003) 334.

temperature variation of the Ho sublattice and of the resultant [4] J- Ostogro, J. Alloys Compd. 317-318 (2001) 450.
P [5] J.F. Herbst, J.J. Croat, J. Appl. Phys. 55 (1984) 3023.

mean Fe subl_attlce moments for both compounds is reported [6] J. Rodriguez-Carvajal, Physica B 192 (1993) 55.

in Fig. 4. Starting from the same value at 1.5K, the tempera- [7] j.J. Rhyne, K. Hardman-Rhyne, H.K. Smith, W.E. Wallace, J. Less
ture variation of the Ho moment is different in the deuteride Common Met. 94 (1983) 95.

and the alloy: the decrease is more important in the deuteride [8] D.G. Westlake, J. Mater. Sci. 18 (1983) 605.

as compared to its parent alloy in spite of the fact that, due [9] E. Gratz, S. Markosyan, J. Phys. Condens. Matter 13 (2001) R385.
P P y P [10] S.F. Matar, V. Paul-Boncour, C.R. Acad. Sci. Paris lic 3 (2000) 27.

partly to the greater_Fe moment, the Cu”e_te_mperature 1S [11] K. Hardman, W.J. James, W. Yelon, The Rare Earth in Modern Science
greater for the deuteride than for the alloy. This indicates that and Technology, Plenum Press, New York, 1978, p. 403.

the magnetic interaction Ho—Fe is reduced in the deuteride[12] F. Ishikawa, I. Yamamoto, M. Yamaguchi, M.I. Bartashevich, T. Goto,
as compared to its value in the alloy. A similar result was J. Alloys Compd. 253-254 (1997) 350.
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