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origin. Theoretically, such curves should be linear close
to T, but, unfortunately, in many instances the curves
obtained are nonlinear and the extrapolation can
become very dubious.

(iii) The third is the behavior of the initial zero-field
susceptibility.

We were unable to use the first method since rema-
nence was not observed in measurements above 1000
Oe, the minimum field used with the superconducting
magnet. Measurements in lower fields would require an
actual determination of the field in the coil, whereas we
obtained the field from a measurement of the current.
This leads to errors in the field of less than 19, above
2 kOe, but would be unsuitable for lower fields because
of the remanence of the coil.

We have however applied the second method to our
data as illustrated in Fig. 5, where we have plotted
M? versus H/M. 1t is evident that in the temperature
range 1.23 to 15.3°K, M? is not linear in H/M and that
this type of plot does not therefore lead to a precise
extrapolation to zero field. Nevertheless, we have

10
TEMPERATURE (°K)

indicated reasonable extrapolations of (H/M)u’-
and (M%) mm—o in Fig. 5, plotted these values against
T in Fig. 6, and thus obtained a value of 7,=(7.5+
0.5)°K.

Although theoretically at 7 the initial susceptibility
(x;) becomes infinite, in practice, since the measure-
ments must always be made in finite field, the value
of x:(T,) remains finite. The expected form® of the
initial susceptibility curve as a function of temperature
is drawn schematically in Fig. 7(a), and curves of this
shape have been reported for Ni and some ferromagnetic
alloys by Belov.?? However, more generally, the initial
susceptibility curve exhibits a broad hump in the
vicinity of 7., and is represented schematically in
Fig. 7(b). Such curves, as determined by the “trans-
former” technique? in studies of the pressure depend-
ence of the Curie point, are unsuitable for an accurate
determination of 7. However, these curves do provide
an adequate means of determining the change of T,
with pressure, from their relative displacement. It is

21, Patrick, Phys. Rev. 93, 384 (1954).
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INITIAL SUSCEPTIBILITY (i)

TEMPERATURE

Fic. 7. Initial magnetic susceptibility as a function of tempera-
ture: (a) Theoretical curves for H=0 and H>0. (b) Typical
curve obtained by means of the “transformer technique.”

customary to extrapolate the sharply rising portion
of the curve to intersect an extrapolation of the back-
ground reading and to define this point as an arbitrary
Curie point 7,(P) for the purpose of determining the
pressure dependence.

In Fig. 8 we present the initial susceptibility curves
observed for the 24.2 at. 9% In sample at 1 bar, 6.1 and
13.6 kbar between 12.5 and 1.2°K. Although only a
limited number of initial susceptibility curves of ferro-
magnetic materials are available for comparison, it is
evident that the present curves have a more complex
structure than is usually observed. They do, however,
have a remarkable similarity to those observed® for
the ferromagnetic transition in Gd. It has now been
established* that the magnetic properties of Gd in
weak fields result from a strong magnetocrystalline
anisotropy close to T, and are not, as originally pro-

2 1. B. Robinson, F. Milstein, and A. Jayaraman, Phys. Rev.
134, A187 (1964); D. B. McWhan and A. L. Stevens, #bid. 139,
A682 (1965).

% W. D. Corner, W. C. Roe, and K. N. R. Taylor, Proc. Phys.
Soc. (London) 80, 927 (1962); C. D. Graham Jr., J. Phys. Soc.
Soc. Japan 17, 1310 (1962); J. Appl. Phys. 34, 1341 (1963); in
Proceedings of the International Conference in Magnetism, Notting-
ham 1964 (The Institute of Physics and The Physicaf Society,
London, 1964), p. 740; M. I. Darby and K. N. R. Taylor, in Pro-
ceedings of the International Conference in Magnetism, Nottingham,
1964 {The Institute of Physics and The Physical Society, London
1964), p. 742; K. P. Belov, in Proceeding of the International
Conference in Magnetism, Nottingham, 1964 (The Institute of
Physics and The Physical Society, London, 1964), p. 266.

posed by Belov,® due to the formation of a helical
antiferromagnetic state In view of the hexagonal
structure of the ScsIn phase, anisotropy may also be
responsible for the observed behavior in the present
case. In this respect we note that ZrZn,, which has a
cubic structure, does not exhibit any unusual features
in its initial susceptibility curve.?

Because of broadening, the structure observed in
the curves taken at 1 bar and 6.1 kbar cannot be re-
solved in the curve taken at 13.6 kbar, but it reappeared
in the curve obtained when the pressure was removed.
We obtained a mean value of 7, (P=1 bar) =6.1+
0.1°K from the curves taken before and after the
application of pressure. This value corresponds more
closely to that obtained from the high-field measure-
ments than in the case of ZrZn, where there is a marked
difference in the values obtained by the two methods.

It is clear that T,(P) increases with pressure and
extrapolations similar to the one used at atmospheric
pressure yield values of 7.(P) at 6.1 and 13.6 kbar. A
plot of these values, as a function of pressure, is given
in Fig. 9, from which we obtain d7,/dP=1.95X 10 °K
bar—L. The pressure dependence of the low-temperature
peak in the susceptibility curve is also shown in Fig. 9.
Following an initial increase of 1.1)X10~* °K bar the
pressure dependence falls off rapidly at high pressure,
in contrast to the pressure dependence for 7. However,
in view of the broadening associated with the 13.6-kbar
transition the relative value of 7,(P) obtained at this
pressure is questionable, and thus it is not impossible
that d7./dP may also be pressure-dependent.

DISCUSSION

Magnetic Susceptibility above T,

The interpretation of strongly temperature-depend-
ent magnetic-susceptibility data is “traditionally”
carried out by plotting 1/x versus T and, if the varia-
tion is linear, the Curie-Weiss relationship

x=C/(T—0) = peit®/8(T—0) (1)

may be applied to determine the parameter pes;. Since
the Curie-Weiss relationship is derived, theoretically,
from the energy states of a system of atomiclike mag-
netic moments, the applicability of this equation to a
given material is often cited as evidence for the existence
of such moments. The nature of the interaction between
these moments (i.e., ferromagnetic or antiferromag-
netic) is then deduced from the sign of 6. As such
moments are localized and do not contribute to the
band-dependent properties of the solid a correction
for the magnetic contribution from the conduction

2 K. P. Belov, D. F. Litvin, S. A. Nikitin, and A. V. Ped’ko, Zh.
Eksperim. i Teor. Fiz. 40, 1562 (1961) [English transl.: Soviet
Phys.—JETP 13, 1096 (1961)]; K. P. Belov and A. V, Ped’ko,
Zh. Experim. i Teor. Fiz. 42, 87 (1962) [English transl.: Soviet
Phys.—JETP 15, 62 (1962) ],

% G. Will, R. Nathans, and H. A. Alperin, J. Appl. Phys. 35,
1045 (1964).




