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Abstract

It is shown that the oxygen-stabilised compoundsF2(Co)Q (x = 0-1.0) interact with hydrogen at ambient temperature and pressure
forming saturated hydrides with filled R type structure. The hydrogen storage capacity decreases with increasing oxygen content from 6.7
H/f.u. for ZrzFe down to 5.35 H/f.u. for ZFeQ o and from 6.9 H/f.u. for ZyCo down to 5.3 H/f.u. for 4Co0O, . A small change of the unit
cell volumes for the ZfFe(Co)Q parent compounds and a substantial increase of these parameters for the corresponding saturated hydride:
were observed with increasing oxygen content. The partial hydrogen-induced lattice expaiéitnH, increases from 2.25%or ZrsFeH;;
up to 3.38 & for ZrsFeQ oHs 35 and from 2.08 & for ZrsCoHg o up to 3.25 & for Zr;CoO, gHs 5. Rietveld refinement using neutron powder
diffraction data for ZsFeQ, 4Ds 25 Showed a distribution of deuterium atoms and a redistribution of oxygen atoms from octahedral to tetrahedral
sitesin asimilar way as in ZNiO, D, . Both®’Fe Mgsshauer spectroscopy and magnetic susceptibility measurements of Fe-containing hydrides
indicated weak hydrogen-induced magnetic ordering at low temperatures. The ordering temperatyes@;HBe s, and ZgFeQ gHe 25
are 105 and 140K, respectively.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Hydrogenation properties of an oxygen-stabilised com-
pound and its crystal structure were studied recently for
A3B phases with the R® type structure, formed in zir-  Zr3NiO,D, [7,8]. Reversible hydrogen-induced redistribu-
conium and hafnium-based systems dissolve oxygen up totion of oxygen atoms in the crystal structure and the in-
the composition ABO (ZrsFe, ZBCo) [1] or can be sta-  verse dependence of the hydrogen absorption capacity on
bilised by oxygen, when such compound does not exist in the oxygen content were observed. The aim of this work was
the binary system (ZNiO and H{NIO) [2]. The oxygen a study of the crystal structure and magnetic properties of
atom occupies the octahedral void in thesRestructure. oxygen-stabilised 2MO, compounds and their hydrides,
Hydrogenation properties of ZFe(Co) phases and their for M = Fe, Co.
crystal structure were investigated in defait5]. Studies of
ZrsFeH, hydrides by Mossbauer spectroscopy performed
previously by Aubertin et al[6] showed the presence of
hydrogen-induced magnetic ordering upon cooling to 4.2 K.
However, neither the type of magnetic ordering nor the ZrsMO, (M = Fe, Co:x = 0.2, 0.4, 0.6, 0.8, 1.0) alloys

transition temperature has been determined. were prepared from pure metals by arc melting in a purified
argon atmosphere on a water-cooled copper hearth. Oxy-
gen was introduced into the alloys in the form of the oxide

2. Experimental
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diffraction characterisation of ZFe(Co)Q (~2g each), 3. Results and discussion
and second, for neutron diffraction studies o Z&Qy 4
(~6g). Characterisation of the parent alloys and their hy- 3.1. Synthesis and crystal structure of parent compounds
drides was carried out by the X-ray powder diffraction and their hydrides
(diffractometer DRON-3.0; Cu & radiation) and by high
resolution X-ray powder diffraction (Bruker D8 diffrac- The formation of the intermetallic phases 3EeQ,
tometer; Cu Kyq radiation). Crystal structure studies of the and ZgCoO, was confirmed in the homogeneity range
ZrzFey 4De 52 deuteride were performed using X-ray as of x =0-1.0. Only traces ofu-Zr and ZyFeO, (in
well as neutron powder diffraction (Paul Scherrer Institute, Fe-containing alloys) and-Zr and ZrCo (in Co-containing
diffractometer HRPT, high resolution mode, wavelength alloys) were observed in the synthesised samples. The re-
1.494 A). The lattice parameters were refined using the pro-finement of the crystal structure of the parent compounds
gram CSD[9]. The crystal structure of the selected hydrides ZrzFe(Co)Q (samples from the first batckx, = 0.2, 0.4,
and the ZgFe) 4De 52 deuteride was refined by Rietveld 0.6, 0.8, 1.0) has confirmed the partially filled 3Betype
method using the program FullPrdf0]. structure. The lattice parameters of the main phase (weight
The hydrogen/deuterium absorption characteristics werefraction higher than 90 %) for all studied samples are
determined by a standard volumetric technique. Hydro- presented iMable 1 Hydrides of these samples were char-
gen/deuterium was injected into a stainless steel reactoracterised by the partially filled BB type structure of the
containing a preliminary activated sample (300—-40for metal-oxygen sublattice. The corresponding lattice param-
0.5h in~1Pa vacuum). An exposure of the samples to a eters as well as hydrogen storage capacity are collected in
hydrogen/deuterium pressure of 0.1-0.12 MPa feil6h Table 1 It has been observed that the insertion of oxygen
was sufficient for achieving saturation of the alloys with atoms leads to a very slight decreased(5%) of the cell
hydrogen/deuterium. volume of the parent phase3zCo0, in the rangex = 0-1.0
The 5’Fe Méssbauer spectra were recorded in transmis-and small changes (without monotonic tendency) of the
sion geometry at room and liquid helium temperatures using cell volume for ZgFeO, (Fig. 1b. It has been observed
a conventional constant acceleration type spectrometer withthat the hydrogen-induced lattice expansion of the saturated
a®’Co source in a Rh matrix. The data were analysed by fit- hydrides increases substantially with the increasing oxygen
ting sets of Lorentzian lines to the experimental points. The content while the hydrogen content decreases, which is
isomer shift values are given relative to the source material. demonstrated ifrig. 1 by the plots oVparent Vhydride H/M
Magnetisation measurements have been performed on powand AV/at.H as a function of the O content. The oxygen
dered specimens with a SQUID magnetometer in fields up dependence observed for thesZe(Co)QH, hydrides is

to6T. the same as that obtained fors®iO.H, [7,8].

Table 1

Lattice parameters of parent and hydrogenategF@®, and ZgCoO, compounds from Rietveld refinement (space group Cmcm)

Nominal composition a (A) b (A) c (A V (A3 H/M ratio AViat.H (A%)
ZrzFe [4] 3.324(2) 10.974(5) 8.821(3) 321.7(1)

ZrzFeHs 7 [4] 3.5803(3) 11.059(1) 9.6486(8) 382.03(9) 1.73 2.25
ZrsFeQy 2 3.3233(8) 11.028(3) 8.820(2) 323.2(2)

ZrzFeQy2He 52 3.5871(6) 11.123(2) 9.694(2) 386.8(2) 1.63 244
ZrzFeQya 3.31841(5) 11.0722(2) 8.7995(1) 323.311(8)

ZrzFeQy aHe 40 3.56914(7) 11.2356(2) 9.7195(2) 389.76(1) 1.60 2.60
ZrzFeQys 3.31731(3) 11.0948(1) 8.78458(9) 323.315(5)

ZrzFeQygHe 25 3.5482(1) 11.3064(4) 9.7452(3) 390.95(2) 1.56 2.72
ZrsFeQys 3.3326(8) 11.134(1) 8.728(4) 323.8(1)

ZrsFeQygHs 68 3.527(1) 11.452(1) 9.745(3) 393.7(1) 1.42 3.08
ZrzFeQLo 3.3228(5) 11.137(2) 8.723(2) 322.8(1)

ZrzFeO oHs 35 3.506(1) 11.504(2) 9.796(4) 395.1(2) 1.34 3.38
Zr3Co [5] 3.277(3) 10.904(4) 8.990(2) 321.3(2)

Zr3CoHs g [5] 3.5959(1) 10.9734(3) 9.5961(3) 378.65(3) 1.73 2.08
Zr3CoQy 2 3.2864(4) 10.947(1) 8.895(1) 321.0(1)

Zr3Coy2Hs.60 3.559(1) 11.126(4) 9.572(4) 379.1(4) 1.65 2.20
Zr3CoQy 4 3.2960(2) 10.9872(6) 8.8575(6) 320.78(7)

Zr3CoQy.4He.30 3.5479(3) 11.2006(9) 9.6243(7) 382.46(9) 1.58 245
Zr3CoQye 3.30541(3) 11.00988(9) 8.81106(8) 320.654(5)

Zr3CoQyeHs.95 3.51600(9) 11.3388(3) 9.6590(3) 385.08(2) 1.49 271
ZrzCoQyg 3.31021(4) 11.0204(1) 8.7790(1) 320.258(6)

Zr3CoMygHs65 3.49761(4) 11.4103(1) 9.6881(1) 386.640(9) 141 2,94
Zr3Co01 0 3.3132(2) 11.0285(5) 8.7449(4) 319.54(3)

Zr3Co0y oHs 30 3.4813(3) 11.4729(9) 9.7254(7) 388.44(5) 1.33 3.25
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Fig. 1. Unit cell volumes of ZMO, (M = Fe, Co, Ni) hydrides (a) and parent compounds (b), hydrogen absorption capacity, H/M (c) and the partial

hydrogen-induced expansion of the unit cell (d) as a function of the oxygen content (O/f.u.). The results for the Ni containing compounds were taken
from [7].

As a typical example the powder patterns of the par- shown that the refined oxygen contents ($able 2 agree
ent compounds 4Fe(Co)@ s and the corresponding hy-  within the experimental error with the nominal composition
drides experimentally observed, can be comparégign 2 as obtained from the amount of ZgGnserted in the sam-
with the calculated spectra and the differential data. The ples during the synthesis. The crystal structure refinement of
corresponding crystallographic parameters are collected inthe ZrFe(Co)@gH. hydrides confirmed the oxygen atom
Table 2 The refinement has confirmed also the occupation redistribution from octahedral to tetrahedral interstices, re-
of the octahedral interstice O by the oxygen atoms, and hascently observed during the hydrogenation ogMiO, [7].
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Fig. 2. Observed (points), calculated (line) and difference (lower line) X-ray powder diffraction patterns for the;R@Ry4 alloy-constituent phases (the
vertical bars indicate the position of their Bragg peaks, from top to bottorgfrely s (90.4(3) wt.%), ZEFeO, (7.58(8) wt.%) andx-Zr (2.07(7) wt.%);
(b) hydrogenated ZFeQye alloy-constituent phases: ZeQeHe.25 (91.1(5) wt.%), ZEFe0,H, (7.3(2) wt.%) and ZrH (1.6(1) wt.%); (c) Z8CoQye
alloy-constituent phases: #&oGys (96.4(5) wt.%), ZrCo (1.82(9) wt.%) and-Zr (1.77(7) wt.%); (d) hydrogenated ZLoOy s alloy-constituent phases:
Zr3CoQy 6Hs.95 (98.0(8) wt.%), ZrCoH (1.6(2) wt.%) and Zrk (0.5(3) wt.%).



1.Yu. Zavaliy et al./Journal of Alloys and Compounds 386 (2005) 26-34 29

50000 T T T T T T T

40000 —

30000

=
8 20000
p=y
g
S 10000
\ [ BEECEEE T |I\H (e H\HIIII\I‘I 1] ’HHI L T A T
0 || il | 18| \“I\ Il I A I
| | 1 \ \ 111 |
#‘r‘*\“‘-ﬁlr J‘r“‘ by
1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 100
(b) 2Theta (deg.)
Somo T T T T T T T T
40000 -
30000 =
P
S 20000 |
=
=
5
= 10000 |
E o~
[ L LT U HEE \| [ | FUPOIECT EE T 0D ORI e
o | Rl \ \ ] [ | -T
| \ | | \ |
5 21 I e
-r,||—|n f Ty
1 1 1 1 1 1 L 1
10 20 30 40 50 60 70 80 20 100
(9] 2Theta (deg.)

Fig. 2. Continued)

The redistribution of oxygen atoms during hydrogenation of tification. Four types of interstices occupied by deuterium
ZrsMO, (M = Fe, Co, Ni) compounds explains the unusual atoms (one bi-pyramidal, D1, and three tetrahedral, D2—-D4)
effect of a inverse dependence of the lattice expansion onwere found in the crystal structure similar to those in the
the hydrogen storage capacity observed for these materialooxygen-free ZgFe(Co)D, [3-5] and ZgNiO, D, [7,8]. The
(seeFig. laand & only difference of the structure of ZFe( 4Dg 5 from that of

The sample from the second batch containing the parentZrsNiO,D, are the almost full occupancy of the D2 site and
compound ZgFeQy 4 was deuterated to the nominal com- the absence of D atoms in the triangulag Zites (D5). It can
position ZgFeQy 4Dg 5. The structure of this deuteride was be explained by a longer D2—-D2 separation, which exceeds
characterised by the joint Rietveld refinement of the X-ray 2.0A in the iron containing deuteride. On the other hand,
and neutron powder diffraction datiig. 3). The crystallo- in Ni-containing deuterides the D2—-D2 distanced (74 A)
graphic parameters are collectedTable 3 A small impu- cause the partial occupation of this positions and a shift of a
rity was observed in XRD and neutron powder pattern of the fraction of deuterium atoms in the D5 site (4@ for more
deuterated sample, but we were not successful in its iden-details).
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Fig. 2. Continued).
3.2. 5'Fe Mossbauer spectroscopy and magnetic and 0.18u.g/f.u., respectively. Freezing effects appear at low
measurements temperatures as irreversibilities of the magnetisation upon

zero field (ZFC) and field cooling (FC) which can be at-
The effect of a hydrogen-induced appearance of magnetictributed to frustrated inter-grain exchange interactions but
order in ZgFeQy2Hs.25 and ZgFe(Qy gHe 25 with respect also to antiferromagnetic correlations within the grains (see
to the paramagnetic parent compoundREQ) ¢ is shown below). It is worth to be noted that for ZFeQy 2Hg 25 an
in Fig. 4. The ordering temperatures are 105 and 140K al- additional magnetic impurity phase is present which causes
though the magnetic moments at 6 T are fairly low, 0.065 the non-vanishing magnetisation aboVe. Although the

Table 2
Atomic parameters of 2FeQys and ZsCoOys compounds and their hydrides (space group Cmcm) from Rietveld refinement
Composition Atom Site X y z Biso (A%) G
ZrsFeQye zrl 4a 0 0.93547(9) 1/4 0.57(1) 1
Zr2 8f 0 0.36235(7) 0.55992(8) 0.62(2) 1
Fe 4c 0 0.2480(2) 1/4 0.57(4) 1
(0] 4a 0 0 0 2.1(6) 0.62(2)
Reragg = 3.95%; Ryp (corrected for backgroundy 7.91%; x2 =222
ZrsFeQyeHe.25 zrl 4a 0 0.9185(1) 1/4 1.02(5) 1
Zr2 8f 0 0.3604(1) 0.54914(9) 0.73(3) 1
Fe 4c 0 0.2146(3) 1/4 1.54(8) 1
o1 4a 0 0 0 2.0(-) 0.03(1)
02 8f 0 0.466(3) 0.362(3) 2.2(6) 0.24(1)
Reragg = 4.23%; Ryp (corrected for background: 11.3%; x> = 3.75
Zr3CoQyg zrl 4a 0 0.9315(1) 1/4 0.30(4) 1
zr2 8f 0 0.3629(1) 0.5601(1) 0.44(3) 1
Co 4c 0 0.2439(2) 1/4 0.46(7) 1
o1 4a 0 0 0 1.3(7) 0.69(3)
Raragg = 6.62%; Ryp (corrected for background¥ 12.5%; x> = 3.79
Zr3CoMyeHs.05 Zrl 4a 0 0.9176(1) 1/4 086(5) 1
Zr2 8f 0 0.3604(1) 0.5524(1) 0.26(3) 1
Co 4c 0 0.2198(3) 1/4 1.9(1) 1
o1 4a 0 0 0 2.0(-) 0.0(-)
02 8f 0 0.465(3) 0.361(3) 2.3(6) 0.27(1)
2

Reragg = 6.14%; Ryp (corrected for background) 13.4%; x© = 3.89
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Fig. 3. Observed (points), calculated (line) and difference (lower line) neutron powder diffraction pattern fogRle€xDe s deuteride. The vertical
bars indicate the position of Bragg peaks.

parent compound 3Fe(Qy» has not been investigated mag- cause the irreversibilities and freezing effects in the suscep-
netically we suggest by analogy withsFeQ ¢ and ZsFe tibility at about 7 K being observable up to 0.5 T and appear
that this compound is paramagnetic as well. The param-to be suppressed above. The comparison of the isothermal
agnetic behaviour of the latter compounds can be charac-magnetisation irFig. 5 indicates that oxygen insertion in
terised by the superposition of a temperature independentZrzFe causes a slight increase of the magnetisation and the
Pauli susceptibilityxo of about 1-3x 10 ®emu/g and a  curvature ofM(H) below 1T while hydrogen absorption
weak Curie—Weiss susceptibility yielding an effective mo- causes magnetic order (s€®g. 4). For the isostructural Co
ment of about 0.2—-0.4g/f.u. The wide range ofo and the compounds—where Z€oQye exhibits the lowest mag-
effective moment given arises from the remarkably strong netisation at 2 K—hydrogen uptake increases the magneti-
field dependence of the susceptibility, which is largest for sation and in particular the curvature bf(H) below 2T
ZrsFeQy s over whole temperature range (2-300K) but is significantly but does not lead to long range magnetic order
also pronounced below 50K for ZFe. The negative para- above 2K in ZgCoOyeHs g5, Ssince the magnetic moment
magnetic Curie temperatures of abet80 and—20K for at 6 T corresponds to 0.01&/f.u. only. Accordingly, the
ZrsFeQys and ZgFe, respectively, are indicative for an- susceptibility of ZgCoQygHsg5 is strongly field depen-
tiferromagnetic correlations within the grains, which may dent and exhibits pronounced freezing effects at about 7 K.

Table 3

Atomic parameters of 2FeQy 4Dg 5 from the joint Rietveld refinement of X-ray and neutron powder patterns

Atom Coordinatiod X y z Uiso (x10%A2?) G

Zrlin 4c 0 0.9197(7) 1/4 1.0(2) 1.0(-)
Zr2 in 8f 0 0.3608(4) 0.5498(6) 0.71(9) 1.0(-)
Fe in 4c 0 0.2143(5) 1/4 1.2(1) 1.0(-)
01 in 4a 0, ZrhZr2, 0 0 0 2.0(-) 0.01(2)
D1 in 4c TB, ZrlZr2Fe 0 0.7184(9) 1/4 1.8(2) 0.92(2)
D2 in 8f Te, ZrlZraFe 0 0.9118(6) 0.8550(6) 2.1(2) 0.94(2)
D3 in 8f Te, ZrlzZr3 0 0.1721(5) 0.9449(7) 1.1(1) 0.99(2)
D4 in 8f Te, ZrbZr2, 0 0.4633(6) 0.3722(6) 1.5(2) 0.8(1)
02(D4) in 8f Te, ZrkZr2, 0 0.4633(6) 0.3722(6) 1.5(2) 0.2(1)

Space group: Cmcm (no. 63); lattice parametaes:3.5482(3) Ab = 11.238(1) Ac = 9.718(1) A,V = 387.50(7) B; refined composition: Z2FeQ) 4De 44.
R-factors: x2 = 15.1; Rwp = 14.4 — corrected for backgroun®Rg = 4.51%.
a Coordination polyhedra of interstitial atoms (O, D):-©octahedral, TB= trigonal bi-pyramidal, Te= tetrahedral.
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The effective moment of about 2uz/f.u together with a
larger negative paramagnetic Curie temperature 70 K

experiment. To our experience this could be confirmed by
an X-ray absorption study. Possibly, there is a non-uniform
is significantly larger than the parent3@oQye (0.2puB, O-distribution within the crystal, leading to such large dif-
6p = —30K). ferences in the isomer shift. Compared to other intermetallic
The>’Fe Méssbauer effect was studied for three samples compounds the value of the quadrupole splitting (QS, see
ZrsFeQyg, ZrsFeQygHe 25 and ZsFeQyoHg52. The spec- Table 9 is unusually large, reflecting a low symmetry at the
tra obtained from the three samples are showkign 6. The Fe sites.
5"Fe Mossbauer spectra of thesEeQy ¢ alloy can be fitted The quadrupole splitting increases slightly upon lowering
with two quadrupolar doublets with an area ratio of approx- the temperature from 295 to 4.2K, indicating a small rise
imately 3:1. Since from X-ray diffraction studies only one of the electric field gradient due to a decrease of the lattice
Fe site per unit cell was determined the occurrence of two dimensions. Even at 4.2 K no sign of a magnetic hyperfine
subpatterns can be due to either the presence of two chemisplitting can be observed in the spectrum recorded from
cal phases, which is unlikely because a second phase with arparent ZgFeQy 6.
amount of about 25% should be visible in an X-ray diffrac-  The room temperature spectra taken from both hydrides
tion pattern. Alternatively, the presence of two subspectra ZrsFe(y eHes.25 and ZgFeQy2He 52 consist of one weakly
can be attributed to two different local environments of the resolved quadrupole split doublet, indicating a small elec-
Méssbauer nuclei, which is below the resolution of an X-ray tric field gradient compared to that present in the parent
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Fig. 5. Magnetisation as a function of field at 2 K.



1.Yu. Zavaliy et al./Journal of Alloys and Compounds 386 (2005) 26-34 33

rel. transmission / %

(a) velocity / mms'

T T T T T T T T T

rel. transmission / %

1 s 1 L 1 L | " 1

(b) velocity / mms”

T T T T T T T T T

rel. transmission / %

6 -4 -2 0 2 4 6
. -1
() velocity / mms

Fig. 6. Modssbauer spectra of sFeQye (a), ZrFeQyeHs 25 (b) and
ZrgFeQy2Hs 52 (C).

Table 4
Fitted parameters of Mdssbauer spectra
ZrsFeQs ZrsFeQyeHe2s  ZrsFeQy2Hes2

Temperature (K) 4.2 295 42 295 42 295

IS (mml/s) -033 -046 036 023 029 0.14
0.08 -0.11 0.28

QS (mm/s) 0.97 094 000 028 008 0.27
0.49 0.47 0.32

Byt (T) 0.00 0.00 126 0.00 516 0.00
0.00 0.00 0.00

Area (%) 74.37 78.27 100 100 53.90 100
25.63 21.73 46.10

compound, possibly due to screening effects caused by hy-
drogen. Huge changes in isomer shift (IS) from negative to
positive values are obtained upon hydrogen uptake, larger
than commonly observed for metal-hydrogen systems. The
large increase in isomer shift upon hydrogen absorption up
to 0.7mms? cannot only be attributed to the rise of the
cell volume. A appreciable s-like charge transfer from Fe is
supposed to occur as well, leading to a significantly reduced
s-electron density at the Méssbauer nucleus.

At liquid helium temperature for both hydrides a mag-
netic hyperfine field is observed. ForsBeQ 2Hg 52 both a
Zeeman and quadrupole split pattern is obtained with almost
equal absorption area. This, again, points to the sensitivity
of the hyperfine interactions upon the local environment.
From the shape of the Méssbauer spectrum we suggest that
two sets of a near neighbour environment of the Mdéssbauer
nuclei are present, particularly differing in the number of
Fe neighbours. The hyperfine field is rather weak indicating
the occurrence of a weak hydrogen-induced magnetic or-
dering at low temperatures. In the case ofFBQ) sHs 25,
at 4.2K, a symmetric broadened line is observed, indicat-
ing the absence of a quadrupole splitting. A reasonable fit
to the experimental data can only be performed, if the pres-
ence of a small hyperfine field is assumed. Its magnitude,
derived from fitting the data is even less than that obtained
for ZrsFey2Hg 52 (seeTable 4.

Since the Mdssbauer experiment forsEe(Gy 2 has not
yet been performed we can assume the absence of any mag-
netic ordering in this compound from taking into account
the results obtained for gZFeQy ¢ and the Mdssbauer data
for ZraFe reported previously by Aubertin et ).

4, Conclusions

It has been shown that the oxygen-stabilised compounds
Zr3Fe(Co)Q (x = 0-1.0) form saturated hydrides with
filled Re3B type structure. The insertion of oxygen atoms
in the crystal structure results in minor changes of the
unit cell volumes of ZgFeQ, or to its slight decrease for
Zr3Co0,. A substantial increase of these parameters for the
corresponding saturated hydrides has been observed with
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increasing oxygen content, whereas, the H-storage capacityexperiment is appreciated. Part of this work was carried out

decreased from 6.7 H/f.u. for Zife down to 5.35 H/f.u. in the frame of INTAS Fellowship grant for Young Scientists

for ZrsFeQ g and from 6.9 H/f.u. for ZsCo down to 5.3 (Dr. R. Denys) YSF 2002-428. Dr. |. Zavaliy thanks Inter-

H/f.u. for Zr3CoQOy . Joint Rietveld refinement of X-ray national Center of Diffraction data (ICDD) for the support

and neutron powder diffraction data forsFe(y 4Dg 25 has of X-ray structural studies.

shown a similar distribution of deuterium atoms and a re-

distribution of oxygen atoms from octahedral to tetrahedral

sites as it was observed for a&iO,D, [7]. The inverse

dependence of the lattice expansion on the hydrogen stor-

age capacity is observed for all studiegsO, (M = Fe,

Co, Ni) compounds. This behaviour for sO,D, has E} :' ABA(:L%AMO:fCE'raCnZETJlo/jllglggg)or?fs_fgel'(1992) L7-L10

been supposed as a reS_UIt of the rediStr?bUtion of oxygen [3] VA Yartys)j,H.le.ellvég, IR I-.|arris,yJ.AI|oyF;. Comp. 293-295 (19§9)

atoms during hydrogenation and the obtained results could =~ 74_g7.

be considered as an additional argument for it. [4] V.A. Yartys, H. FjelvAg, B.C. Hauback, A.B. Riabov, M.H. Sarby,
Atliquid helium temperature both hydridessEeQ) 2Hg 52 J. Alloys Comp. 278 (1998) 252-259.

and ZgFeQygHeg .25 a weak magnetic hyperfine field is ob-  [°] 'j"i”?"’s‘bg‘gm\“‘é;{grgs'z )I-I(.zgjoetl)\;é??l,zB.gcl.GHauback, M.H. Serby,

served, indicating the occurrence of hydrogen-induced mag- ¢ ¢ Aub)(-:,rtin, or. Whittle, S.J. Campbell, U. Gonser, Phys. Stat. Sol.

netic ordering at low temperatures. Also the hydrogen-induced ~ (5) 104 (1987) 397-402.

magnetic order in AFeQ2Hs25 and ZeFeQygHe.2s [7] I.Yu. Zavaliy, R. Cerny, I.V. Koval'chuck, I.V. Saldan, J. Alloys

(with respect to the paramagnetic parent compounds  Comp. 360 (2003) 173-182.

Zr3Fe(Co)Q) with the ordering temperatures at 105 and [8] I. Zavaliy, R. Cerny, I. Koval'’chuck, A. Riabov, Visnyk Lviv. Uni-

. . . versity, Ser. Khim. 43 (2003) 48-52.
140K, respectively, has been determined by magnetic sus- [9] L.G. Akselrud, Yu.N. Grin, P.Y. Zavalii, V.K. Pecharsky, B. Baum-

ceptibility measurements. gartner, E. Wolfel, Use of the CSD program package for structure
determination from powder data, in: Proceedings of the Second Euro-
pean Powder Diffraction Conference: Abstract of Papers, Enschede,
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