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Summary 
We have found that the cubic intermetallic compound Hf~Fe can absorb 

almost up to five hydrogen atoms per formula at a pressure of one atmosphere. 
Hf-Fe is a Pauli magnet. Upon hydrogen absorption a magnetic moment 

definitively appears on iron, starting at - 1.5 hydrogen concentration. A maximum 
in the saturation magnetic moment is observed in Hf-FeH,. 

The static low field susceptibility presents a maximum value and a 
non reversible behaviour. These properties are characteristic of a disordered 
magnetic system (spin-glass like). 

The Y~Y perturbed angular correlation spectra indicate that at low 
concentration, the hydrogen is localized only near one type of Hf. 

From our Mossbauer data we measure a shift in the isomer-shift which 
is consistent with what is already known. When decreasing the temperature and 
increasing the hydrogen concentration the spectra get less resolved. This is 
linked to the fact that the samples are in a disordered magnetic phase. 
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1. 

I - Introduction 

HfjFe is an intermetallic compound with the cubic Ti2Fe structure. 

Up to now its hydrides have not been very much studied [1] although our data 

indicate that detailed measurements of its crystallographic and magnetic pro

perty changes upon hydrogen absorption is possible and should give a lot of 

information concerning the hydrogen state and its environnement. 

Hf-Fe offers the unique opportunity that the temperature dépendance 

of different physical quantities can be studied microscopically by at least 

two different probes : Ta and Fe. 

In this paper we give preliminary experimental results concerning 

some properties of Hf^FeH . We present results obtained by static low field 
181 magnetic susceptibility measurements, Ta y-y perturbed angular correlation 

(PAC) and Fe Mossbauer effect measurements (ME). 

II - Experimental details 

The Hf2Fe alloys are prepared in an induction furnace, the melt 

being maintained in a pure argon (5N5) flow. The ingots of about 5 grams 

are checked by X-ray diffraction to be single-phase. 

We heat an ingot in a quartz tube with a vacuum of about 10 torr. 

At 1000°C a pressure of one hydrogen atmosphere is established. The heating 

is then switch off and the hydride let to decrease to room temperature by 

itself. After about half an hour the hydride Hf_FeHx with x - 4.8 is formed. 

Samples with intermediate hydrogen concentration are obtained by 

partial desorption. The hydrogen content is always determined by volumetric 

method. 

The X-ray measurements are performed using a standard Debye-Scherrer 

camera. 

The magnetic susceptibility is determined by isothermal magnetiza

tion measurements made by the extraction method in a static 40 Oe magnetic field. 
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A PAC experiment consists of recording the number of events corres

ponding to the emission of two successive y-rays by the same nucleus. In our 
181 —8 

case we have used y-rays produced by Ta (mean life-time • 1.6 10 s) whose 
181 parent is Hf (mean life-time • 44 days) produced by thermal neutron capture 

180 
from Hf. Two different types of samples are used : either Hf^Fe is irra
diated itself or irradiated Hf is used in the melt. The y-rays are detected 

_9 
by Nal(Tl) scintillators. This gives an over-all time resolution of 1.8 10 s. 

The Fe Mossbauer spectra are obtained with a conventional constant-

acceleration spectrometer. The source, Co in Rh, is moved while the absor-
4 

ber is kept in a fixed position in a He - cryostat. The mean life-time of 
—8 the Mossbauer level is 9.7 10 s. 

Ill - Results 

3.1 Composition-temperature isobar 

In fig. 1 we present a composition-temperature set of data obtai

ned in a constant hydrogen pressure of one atmosphere. We notice that the 

absorption curve presents two sharp breaks : 

the first one at T - 480 K with x = 4 and the second one at T = 730 K with 

x = 2, These breaks in the absorption curve are probably linked to the site 

occupancy of hydrogen in the lattice. 

3.2 Lattice expansion upon hydrogen absorption 

Our X-ray measurements show that upon hydrogen absorption the 

hydride lattice expands but keeps its crystallographic structure. In fig. 2 

we present the hydrogen concentration versus the lattice parameter. The lat

tice parameter is about 6 % longer in Hf2FeH, „ than in Hf^He. A sharp 

change occurs for 2 ̂  x £ 3 for which the lattice parameter increases from 
0 

12.30 to 12.65 A. As for the composition-temperature isobar, a detailed 

analysis of our lattice expansion data should give information on the hydro

gen site occupancy. 
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3.3 Static field susceptibility 

Whereas Hf-Fe is a simple Pauli magnet [1], its hydrides present a 

more complicated magnetism. As an example we present in fig. 3 the static 

field data for Hf-FeH, „. No reversible effects appear below 65 K where 

XJ > X C ' X J ( X C ) is t n e susceptibility measured when decreasing (increasing) 

the temperature. The measurements were made 10 sec after the desired tempe

rature was reached. The temperature and history dependence of the susceptibi

lity are typical of a magnetic disorder system like a spin-glass. 

In fig. 4 is plotted the hydrogen concentration moment versus the 

saturation magnetic moment. From there data we see immediately that a magnetic 

moment exists on the iron only if the hydrogen concentration is sufficiently 
important. We will see that this fact can be linked with the results obtained 
by PAC and ME. A maximum in the saturated magnetic moment exist for about three 
hydrogen per unit formula. 

3.4 PAC results 

The PAC results are usually expressed in term of a perturbation 

factor, G„(t) [2], For a 5/2 spin in a randomly oriented electric field gra

dient we can write : 
3 

G 2 ( t ) = S 2 0 ( n ) + £ S 2 n ( n ) c o s < w n ( n ) t ) 

n=l 

where n is the asymmetry parameter of the electric field gradient, S£ are 

tabulated coefficients and w (n) the hyperfine eigen-frequencies ; Wy being 

the fundamental term. The effect of interaction distribution is taken into 

account by a term like e~ ^» which multiplies the cosine term. 

In Fig. 5 we present some of our results. The deduced parameters 

are given in the table. 

In the non hydrogenated compound (fig. 5a) about 1/4 of the nuclei 

(type I) experience a high frequency and 3/4 a very low frequency (Ta type II). 
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This last fraction is simulated as the sum of a non perturbed component and 

weakly perturbed one with a frequency distribution. The 1/4 - 3/4 proportion 

is in agreement with the crystallographic structure. At a low hydrogen concen

tration (Fig. 5 b) the hydrogen only affects the second type of site type (II) 

through a modification of the distribution frequency. At higher hydrogen 

concentration the PAC pattern is strongly modified (Fig. 5 c and c). It can 

be analysed in terms of two components. Up to now we can not linked these 

components to the two types of Ta. The first component is caracteristic of 

an electric field gradient cubic symmetry around Ta or of the type II Ta. 

More experiments on these hydrides should give information on the hydrogen 

configurations. 

3.5 Mossbauer results 

Fig. 6 presents some of our Mossbauer spectra. In the first 

column, the samples are in the paramagnetic phase and in the second column 

in the "spin-glass" like regime (apart from the x • 0 sample). Notice the 

difference in the velocity scale. For the two columns the spectra are dissym

metric and the two pic-structure are not very much different for the same 

hydrogen concentration. In fact it seems that the low temperature spectra 

can be taken as the sum of two sub-spectra : the first one being a sum of 

quadrupolar spectra and the second one a sum of magnetic spectra. The second 

type of spectra is obviously linked to the disordered magnetism observed by 

susceptibility. The first type of spectra is related to the environnement around 

the Fe probe. For example the spectra at high temperature can be fitted with 

the hypothesis of two types of environnement for Fe. This result is obviously 

related to the PAC result. 

Between Hf„Fe and Hf-HeH, „ we have a shift in the isomer-shift 2 2 4.8 
of + 0.4 mm/s. This is a common behavior in the hydrides [3] and is probably 

related to the electronic changes around the Fe probe [1]. 
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IV - Conclusion 

From the experimental data given here we obtain some information 

on the hydrogen localization and on the electronic structure of Hf2FeH . 

The PAC results clearly indicate that hydrogen starts to fill prefe

rentially a certain type of interstitial sites. The Mossbauer spectra can be 

understood qualitatively in this picture. 

We have seen that hydrogen drastically change the magnetic proper

ties. A maximum in the saturated magnetic moment occurs for x ~ 3. This means 

that the density at the Fermi level is very dependent on the hydrogen content. 

Specific heat measurement should be very useful in understanding the behavior 

of the electron density at the Fermi level. 

The Mossbauer spectra and the susceptibility measurements show that 

the hydrides present a disorder magnetism (spin-glass like) . Therefore it is 

possible to change continuously the magnetic interactions in a sample by hydri-

ding. 
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Figure and table captions 

Fig. I 

Temperature dependence of the hydrogen concentration for Hf„FeH ; we present 
desorption data. 

Fig. 2 
Hydrogen concentration versus lattice parameter for Hf-FeH . 

Fig. 3 
Temperature dependence of the static magnetic susceptibility at 40 Oe for 
Hf_FeH, ». ̂  is for increasing ( O for decreasing) temperature. 

Fig. 4 
Hydrogen concentration versus the saturation magnetic moment for Hf-FeH in 
Bohr magneton per iron atom. 

Fig. 5 
PAC perturbation factor G2(t) for some Hf„FeH at room temperature ; 
a) x = 0, b) x - 0.8, c) x = 3.3, d) x - 4.4. 

Fig. 6 
Mossbauer spectra for some Hf„FeH . r 2 x 

Table 
PAC parameters deduced from the fit to the data. u)_ is the fundamental 
frequency, n. the asymmetry parameter of the electric field gradient, 6 
the relative H.W.H.M. of the frequency distribution fonction and a the 
weight of the i component. When no incertainty is given, the parameter is 
fixed. 
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