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A CHANGE IN MAGNETIC PROPERTIES OF Ho2C07 INTERMETALLIC 
COMPOUND UPON HYDROGEN ABSORPTION 

A. Apostolov, L. Bozukov, N. Stanev and T. ~ ~ d l a r z '  

Faculty of Physics, Sofia University, 1126 Sofia, Bulgaria 

Abstract. - The magnetic properties of the compound Ho2C07 and its hydrides with hydrogen concentration 2.6 and 
6 atH/mol are studied. A spin-glass-like and superparamagnetic behaviours are found for the ,L3 and the y hydride phases 
respectively. Strong reductions in exchange interactions and T, for both hydrides phases is observed. 

1. Introduction 

The absorption of hydrogen gas in intermetallic com- 
pounds often leads to changes in their magnetic prop- 
erties. When the magnetism is due to Co atoms 
ferromagnetic-to-paramagnetic transitions were ob- 
served [I]. 

Most if the rare-earth R2Co.r-type compounds ab- 
sorb significant amount of hydrogen under ambient 
conditions [2]. The previous studies of magnetic prop- 
erties of Y2C07 [3, 41 and Y ~ C O ~ - ~ N ~ ~  [5] hydrides 
have shown that Co magnetic moment is quite sensi- 
tive to the hydrogen concentration. 

It has been established [6] that H02c07 is a collinear 
ferrimagnetic with Tc = 670 K. In the present work we 
have investigated the magnetic properties of HoCo7 
hydrides in order to elucidate the role of hydrogen ab- 
sorption on the exchange interactions. 

2. Experimental details 

The Ho2Co7 samples were prepared by arc melting 
of Ho and Co (purity 99.9 % ) under purified Ar atmo- 
sphere followed by vacuum homogenization at 1050 OC 
for 300 h. 

Both phase and structural analysis were performed 
on a standart X-ray diffractometer. 

The hydrogen absorption-desorption properties and 
experimental set up are described elsewhere [7]. 

The magnetization was studied in the temperature 
range 4.2-300 K in permanent magnetic fields up to 
140 kOe. The thermal demagnetization of samples 
were performed before each magnetization curve mea- 
surement. 

3. Results and  discussion 

X-ray diffractograms show that Ho2Co7 samples 
have rhombohedra1 (Gd2Co~ type) single phase struc- 
ture. 

'ILHMFLT, Prochnika 95, WrocIaw, Poland. 

The desorption pressure-composition isotherms 
show the presence of ,9 and y hydride phase forma- 
tion with hydrogen concentration at 323 K from 2.6 to 
3.4 atH/mol and from 6 to above 7 atH/mol respec- 
tively. The structural analysis and magnetic measure- 
ments were performed on the samples of hydrides with 
hydrogen concentration 2.6 atH/mol and 6 atH/mol. 

X-ray diffraction patterns of the hydrogenated sam- 
ples can be indexed only as the GdzC07 type rhom- 
bohedral structure. An expansion mainly along the 
c direction upon formation of the p phase from a = 
4.985 fi, c = 36.14 fi for Ho2Co7 to a = 4.988 fi, 
c = 38.61 fi for HozCo7Hz.s was observed. Subsequent 
increasing of hydrogen concentration up to formation 
of the y-phase results in an expansion mainly in the 
basal plane characterized by a = 5.141 fi, c = 38.30 A. 

Figure 1 displays the initial magnetization isotherms 
of parent compound and hydrides at 4.2 K. The tem- 
perature dependences of magnetization in magnetic 
field of 5 kOe are shown in figure 2. Both the magnetic 
moment per molecule of 6.0 p~ as derived from the sat- 
uration magnetization for Ho2C07 and the compensa- 
tion temperature Tcom, = 230 K are in agreement with 
those reported in previous study [6]. 
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Fig. 1. - Magnetization vs. field curves for Ho2C07 hy- 
drides at 4.2 K. 
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Magnetization versus temperature curves at  5 kOe 
for H o ~ c o ~ H 2 . ~  (Fig. 2) show thermomagnetic hys- 
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teresis which can be interpreted as a consequence of 
the destruction of long-range magnetic order. It is 
difficult to measure the Curie temperature from the 
u (T) dependence because the transition are found to 
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be too smeared, and it is estimated roughly to be about 
T, - 200 K. 

Figure 4 shows the field dependences of the magne- 
tization of the Ho2Co7Hs in the temperature range 
4.2-200 K. The formation of the y-phase results in 
both subsequent strong weakening in exchange inter- 
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Since the hydrogen atoms statistically occupy inter- 

action and decreasing of the Curie temperature. All 
magnetization curves exhibit no magnetic hysteresis 
and the maximum value of magnetization is practi- 
cally constant at  magnetic field of 140 kOe in the 
temperature range 10-30 K. Moreover the dependences 
u (HIT)  are almost the same in the above temperature 
range. all these findings in the view of [8] reveal that 

stitial sites in the lattice they induce short-range struc- 
tural desorder. We believe that the fluctuations in hy- 
drogen concentration cause respective exchange fluc- 

o l o o  2 0 0  3 o o T , K the Ho2Co7H6 behaves as a superparamagnetic. Our 

Fig. 2. - Magnetization vs. temperature curves for HozCo7 calculation show clusters size of about 100 A. 
hydrides at applied magnetic field 5 kOe. 

tuations thus resulting in the spin-glass-like behaviour 
of the H o z C O ~ H ~ . ~ .  The magnetization versus field be- 
haviour of the HozC07Hz.s is shown in figures 1 and 3. 
The lack of saturation and high coercive force (24 kOe 
for H02Co~H2.6 and 4.3 kOe for H o ~ C O ~  in compari- 
son) reflects the strong influence of the random local 
anisotropy on the magnetic moments of rare earth ions. 

Fig. 3. - Magnetization vs. field curves for H O ~ C O ~ H ~ . ~ .  

Fig. 4. - Magnetization vs. field curves for Ho2C07H6. 
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