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Abstract
The electrical resistivities of polycrystalline samples of La, Pr,
Nd, and Sm are reported in the temperature range 1. 3°K to 300°K.
La exhibits a superconducting transition at 5. 8°K. The curve for Pr
has slope changes at 61°K and 95°K. The Nd curve shows small

jumps at 5°K and 20°K. Sm shows slope changes at 14°K and 106°K.

Measurements on the resistivities of the light rare earths were
reported by James et al. - in 1952. Improved techniques for producing
metals of higher purity have led to the measurements on La, Pr, Nd,
and Sm reported here. Some improvement has also been made in the
experimental procedure and apparatus. The present work is an
 extension of the results of Colvin et al. ¢ and Curry et al. 3 on the
electrical resistivity of the other polycrystalline rare-earth metals,
and completes the work.

The samples were prepared from arc-melted buttons’of the metals.
These were turned to cylinders approximately 3/16 inche in diameter
by 2 inches long. The results of analyses for impurities are shown in
Table I. The resistivities of the samples were measured in the cryostat
described by Colvin et al. * The standard four-probe method was

used; the potential contacts were 2.5 cm apart. Temperatures
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were measured with a copper-constanfan thermocouple; any temperature

in the range from 4. 2°K to 300°K could be maintained by means of an
automatic temperature controller. The probable exrror in the resistivity
of a given sample varied from 1.5% at roém temperature to 0.1 microohm-
cm at 4.2°K. The temperature was known to witﬁin one half degree
throughout the ran.ge.

The resistivity of lanthanum is sﬁown in Fig. 1. Aside from the
superconducting transition, the curve is well-behaved over the
temperature region .investigatedi. The transition tempe;atur.e was
found to be 5.8 # 0. 3°K. » as shown in the inset. This is in agreement
with Ande_;'son et al. 4 It is likely that both the face-centered cubic .
structure.,-‘ which is é_table above 300°C, and the close-packed hexagoﬁal
structure were present in this sémple. The residual resistivity
(‘1. 0 x 10'-6 ohm-cm) of the present sample was significantly lower
than the 10-# 10—6 ohm-cm reported by James et al. 1 for their sample.

The praséodymium data (Fig. 2) show an abrupt slope increase
at 61°K. and a slope décre‘ase at 95°K. This is in contrast with
earlier wor.k1 which indicated no abnormal beha;rior in the electrical
, reéistivity in thelvlow—‘tlemperature region. Lock6 reports no indication
of anomalous ,beha&ior in the magnetic susceptibility. The specific
heat dafé, 8 l}éwever,_ show a broad peak coverin'g the 60°K to 100°K.
temperature region. Since the more distinct slope discontinuities
displaye'a by the prejsent' sample (together with the lower residual

resistivity) are thought to be consequences of improved sample



purity, it would seem advisable to investigate the magnetic susceptibility
of this sample over the témperature region in question. A temperature
-hysteresis' effect was ﬁoted in the resistivity; that is, later runs on the
same sa;'nple gave lower resistivity values at the same tempe':ratures.
Figure 3 shows the behavior of the low temperature resistivity of
neodymium. The inset is a blow-up of the region from 0°K. to 30°K.
showing more clearly the two jumps in the resistivity at 5°K. and 20°K.
Measurements of fnagnetic susceptibility, 5,6 thermoelectric power
and heat capacity8 also indicate abnormal behavior near these temperatures.
I_.ock6 suggests that nebd&rmium undergoes a magnetic transition near
7°K., being antiferromagnetic below this temperature.
The resistivity of samarium (Fig. 4) shows a knee at 14°K and
a sharp change in slope at 106°K. Mgasuremenfs of specific heat9
and thermoelectric p‘ower’7 show abnormal behavior near the higher
temperature; maxima have been reported in the specific heatlo and
magnétic s’uscépti_bilityé curves near 14°K. The suggestion has been
made6: fhat sxama_riu.rn is also antiferromagnetic below 14°K.

From a comparison of the results reported here with those reported
earlier it appears thatv‘the low temperature resistivity of a rare-earth
metal is Qery sensitive to the presence of impurities. The rare eartﬁs
are very effective ''getters' for negative impurit‘ies such as oxygen,
carbon, nitrogen, and hydrogen; it is believed that very small amounts
of these materiéls in the earlier samples drastically affected their
resistivities. ¢

The authors wisﬁ to thank Mr. R. Johnson, Mr. C. Haberman and
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Table I

Analysis (in %)

Element Impurities (determined from spectrographic‘

and vacuum fusion analysis)

Lanthanum Ce < 0.03, Pr <0.03, Nd <0.02, Ca<0.01;
| Fe < 0.15, §i < 0,01, Mg < 0.01, Ta < 0.2,
Cu, Ni, Sm, trace presenf.
Prasebdyrﬁiuﬁm : Nd <0.02, Ce <o0. 1, La £0.005, Ca<0.1,
| Fe < 0.02, Mg <0.01, Si <0.025, T<0.2,
Cr<0.01, O< 0; 094, HS 0. 0005,
N <0.0920. Ca, Cu, Mn, Ni, Ti, Y,
_ trace present,
Neodymium - | Sm_<_0.06, Pr <0.08, Ca <0.05 Mg<0.0l,
Fe < 0.005, Si <0.025, Ta<0.1, Cr<0.01
[ 0<0.035.] [B, Mn, Ni, trace present. ]
Samarium B Ca < 0.03, Fe <0.005 Mg <0.01, Si<0.0l,

Cu<0.05, Gd<0.02, Nd <0. 02, Eu < 0. 005.
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- FIGURE CAPTIONS

1—The electrical resistivity of L.a vs. temperature.

. 2—The electrical resistivity of Pr vs. temperature.
. 3—The electrical resistivity of Nd vs. temperature.

. 4—The electrical resistivity of Sm vs. temperature.
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