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The Hall coefficient in an EuO sample which exhibited an isulator-metal transition was measured at T ~ 4T,
in fields up to 150 kOe. The results indicate that the activation energy does not vary linearly with magnetization,

contrary to the conclusion of Penney et al.

Recently Penney et al. concluded that the activa-
tion energy of insulator-metal transition in EuO
varies linearly with the magnetization [1] . In this
letter we present data which disagree with this con-
clusion.

The resistivity p of some EuO samples decreases
by many orders of magnitude between the Curie
temperature (7, = 69K) and 50K [1, 2]. This “insu-
lator-metal transition” is due primarily to a change
in the carrier concentration n, although a change in
the mobility 4 may be present. A model which ex-
plains the insulator-metal transition was proposed
by Oliver et al. [2] and was modified by the group
at IBM [1]. In this model, above ~50K,n is propor-
tional to exp (—A/kT), where A is an activation
energy which depends on magnetic order. At 7> T,
A assumes a constant value, Ag, and p ~ exp(4y/kT).

Recently Penney et al. [1] considered two pos-
sible dependences of A on magnetic order: 1) A
varies linearly with the reduced magnetization (long
range order parameter) o = (S)/S, i.e.,

A=Ay(1—-a0), ()]

where q is a constant; 2) A varies linearly with the
nearest-neighbor two-spin correlation function (short
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Fig. 1. H-dependence of the Hall coefficient at 272 K (semi-

log scale). The theoretical curves were calculated from eqs.

(1) and (2) using the magnetic susceptibility of this sample,
and Ao =0.32eV,a=1.39,b = 1.5, n(H) — n(0) = 1.08 62

range order parameter) n = (S, - $,)/52,i.e.,
A=A (1-bm), (2)

where b is a constant. From their analysis of p(7’) at

T <T_ Penney et al. concluded that A obeys eq. (1)
but not eq. (2). However, in this analysis the possi-
bility that u depends on T was not taken into account.
In addition, agreement of the resistivity data at
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20kOe with eq. (1) was obtained by assuming the
largest possible demagnetizing factor, 4xr. This assump-
tion is questionable.

In the present work the dependence of A on mag-
netic order was studied by measuring the Hall coeffi-
cient R = |1/ne| near room temperature (T~ 4T,)
in magnetic fields up to 150 kOe. These measure-
ments provide a meaningful test of egs. (1) and (2)
because: a) at T~ 4T, these equations predict vastly
different behaviors for R versus H, and b) the analysis
of the results at 7= 4T is not sensitive to mobility
changes or to demagnetization corrections.

At T=~4T_, 0~ 0.15 at 150kOe and o is propor-
tional to H at lower fields. Molecular field theory
gives = 02. A better estimate of n(H) was obtained
from a calculation based on a high-temperature
series expansion. Our calculation showed that although
1 does not vanish at H = 0, the H-induced increase in
n at 4T, is well described by n(H) —n(0) = 1.08 ¢2.
At 150kOe, 02 =~ 0.02 < 0. These considerations show
that eq. (1) leads to a linear dependence of log R(H)
on H, whereas eq. (2) leads to a quadratic dependence.
Resistivity data below T, give values for ¢ and b, in
egs. (1) and (2), which are roughly equal. With these
values for g and b, eq. (1) predicts a much larger
variation of R with H at T~ 4T than eq. (2), since

(H) —n(0) < o(H).
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Measurements were carried out on a single crystal
EuO sample which exhibited a clear insulator-metal
transition. For this sample the T-dependence of p
at T> T gave Ay = 0.32eV. Analysis of p(T) below
T, using the procedure described in [1}-and assum-
ing the validity of eq. (1), gave Ay = 0.28 ¢V and
a=1.39. A value b = 1.5 for the coefficient in eq. (2)
was estimated from the value of n at the onset of the
insulator-metal transition (where A - Q).

Experimental results for R(H) versus H at 272K
are shown in fig. 1, together with the H-dependence
of R(H) calculated from egs. (1) and (2) using Ay =
0.32eV. The experimental data lie between the two
calculated curves. Moreover, analysis shows that
log [R(H)/R(0)] ~ H” with r= 1.8, which is between
r=1[eq.(1)] and r = 2 [eq. (2)] . These conclusions
remain unchanged if a value A; = 0.28 eV is used
instead of 0.32 eV. A similar behavior of R(H) was
also observed at 288K. We therefore conclude that
near 4T, the dependence of A on magnetic order is
intermediate between eq. (1) and eq. (2).
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