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METAMAGNETIC TRANSITION IN Hf (Fel-,Co~)2 

T. Sakakibara, T. Goto and Y. Nishihara 

Institute for Solid State Physics, University of Tokyo, Roppongi, Minato-ku, Tokyo 106, Japan 

Abstract. - Magnetization process of the Laves phase compound Hf (Fel-,Co,)2 is investigated under pulsed fields up 
to 40 T. A sharp collapse of the spontaneous moment is observed at x, = 0.65 where ferromagnetism vanishes. In the 
paramagnetic region x, < x 1 0.75, itinerant electron metamagnetism is found. The results can be interpreted by the 
recent band calculation. - - 

C15 cubic Laves phase intermetallic compound 
HfF'e2 is a ferromagnet with Tc - 600 K, whereas 
HfCo2 is a Pauli exhibitting almost tem- 
perature independent susceptibility. In the pseudobi- 
nary compound Hf (Fel- ,c~,)~,  the spontaneous mo- 
ment decreases with x and ferromagnetism disappeares 
with a sharp moment collapse at xc of around 0.7 [I, 
21, like in the similar system Zr (Fel-,Co,), [3]. While 
the Zr-compound has a mictomagnetic above x, 
(31, no clear spin glass or mictomagnetic behavior is 
observed so far in Hf (Fel-,Co,), [I, 21, suggesting 
that the system is magnetically rather homogeneous. 
In this paper, we have studied the magnetization of 
Hf (Fel-,Co,), in high magnetic fields with a special 
interest in the behavior around x,. 

Magnetizations for nine samples were obtained in 
pulsed magnetic fields and the results at 4.2 K are sum- 
marized in figure 1, where the spontaneous moment 
(B = 1 T) and the field induced moment ( B  = 38 T) 
are given by open and closed circles, respectively. The 
system is ferromagnetic up to zc = 0.65, where a very 
sharp drop of the spontaneous moment is observed. 

Fig. 1. - Concentration dependence of the magnetic mo- 
ment of Hf (Fel-,c~,)~ obtained at B = 1 T (0) and 38 T 
(0).  The results by Kraan et al. are also shown by open 
squares. 

The behavior of the spontaneous moment is in good 
agreement with the previous result [I] indicated by 
open squares in figure 1, except for the critical re- 
gion around x, where the more details are given in the 
present study. Below x = 0.5, the induced moment is 
found to be very small and the system is considered to 
be a strong ferromagnet. 

In the concentration range xc 5 x 0.75, we have 
found a metamagnetic transitionat 4 3  K, the details 
of which can be seen from the field dependence of the 
magnetization shown in figure 2. Although the ob- 
served transitions are very broad, well defined inflec- 
tion points can be found for the curves for x = 0.65, 
0.675 and 0.7. No hysteresis is observed in the mag- 
netization process. The critical field Bc of the tran- 
sition defined by the inflection point increases quite 
rapidly with x, and is out of the experimental limit 
for x = 0.75. The magnetization curve for x = 0.75 
shows, however, a slight but clear upturn above 30 T. 
Judging from this behavior, B, of 45 T is roughly es- 
timated for x = 0.75. The magnetization for x = 0.8 
increases almost linearly to the field up to 40 T without 
any trace of the metamagnetism. It should be noticed 
that the metamagnetic transition is observed in a very 
narrow concentration range above x,. The transition 
is not likely to exist up to x = 1, since the induced 
moment a t  38 T is rapidly decreasing above xc as seen 
in figure 1. 

Fig. 2. - Mangetization process of Hf (Fel-,c~,)~ at 
4.2 K. The arrows indicate the inflection point of the met* 
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Recently, Yamade et al. [4] have discussed the mag- 
netic properties of Hf (Fel-,Co,), based on the band 
calculation. Our experimental observations can be well 
explained by their model of itinerant electron metam- 
agnetism (IEM), For HfCo2, the Fermi level EF lies 
on rather flat part well above the sharp peak of the; 
density-of-state (DOS). In such case, the magnetic sus- 
ceptibility x does not have strong field and tempera- 
ture dependence. When some Co atoms are replaced 
by Fe atoms, the position of EF comes near the sharp 
peak of DOS because the number of 3d-electron de- 
creases, and IEM appears in a certdn range of x due 
to the special shape of the DOS. With decreasing x 
further, a ferromagnetic long range order sets in at x,, 
which is estimated to be about 0.7 by Yamada et al. 
According to their calculation, the transition at xc is 
of first order because of IEM due to the internal field. 
This explains the sharp collapse of the moment at x,. 

Typical IEM is already observed in other Cebase 
Laves phase compounds M (C~ l - rAlz )~  (M = SC [5], Y 
[6,7] and Lu [7,8]) for finite A1 concentration. In these 
systems, however, the pure compounds MCo2 them- 
selves are considered to show metarnagnetism since the 
EF is already very close to the peak of DOS. Therefore, 
the A1 substitution is not crucial to the occurrence of 
IEM in those compounds, which is quite different from 
the present case where the Fe substitution is essential. 

In most of the IEM compounds, x (T) shows a max- 
imum at finite temperature. From the experimen- 
tal point of view, the temperature of the x maxi- 
mum (T,,) is closely correlated with Bc. For exam- 
ple, Bc has been found to increase almost linearly with 
T,, in Y (c~l-,Al,)~ [9]. In order to examine this 
point in the present system, we measured the x (T) of 
Hf (Fel-,Co,), defined by a slope of the magnetiza- 
tion curve at 4 T. For three samples, x = 0.675, 0.70 
and 0.75, x (T) was found to show a broad maximum. 
The T,, became higher and the peak became broader 
with increasing z, and no clear peak was found for 
x > 0.75 suggesting that IEM does not exist for higher 
x .  The resulting Bc vs. T,, plot is shown in figure 3. 
Again, we found almost linear relation between Bc and 
T,, in this compound. This fact further supports the 
existence of IEM in Hf (F~~- ,CO,)~ .  

Fig. 3. - Bc vs. T,, plot of Hf (Fel-,Co,)2. The solid 
line is a guide to the eye. 
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