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Magnetic Properties of Terbium Metal*

W. C. THOBURiW, ) S. LEGVOLD, AND F. H. SPEDDING
Institute for Atomic Research aId Department of Physics, Iowa State College, Ames, Io7IIa

{Received June 2, 1958)

Results of magnetic measurements on metallic terbium over the temperature range from 4' to 375 K
and in fields ranging from 50 oersteds to 18 000 oersteds are reported. The metal is found to have a para-
magnetic Curie point of 237'K. Tests with fields of from 50 to 800 oe indicate an order-to-disorder transi-
tion at approximately 230'K which is evidently a Neel point. It appears that terbium has a weakly bound
antiferromagnetic ordering for temperatures between 218' and 230'K, this ordering being gradually changed
to ferromagnetic in fields exceeding 200 oe. Below 218'K the metal is ferromagnetic. The magneton numbers
obtained from the paramagnetic susceptibility measurements and from the extrapolated ferromagnetic
saturation moment are in good agreement with values calculated for the free ion.

I. INTRODUCTION

ERBIVM, atomic number 65, is one of the rare-
earth elements and has eight electrons in the 4f

shell. The magnetic properties of this element have been
measured previously by Klemm and Bommer. ' They
reported that their sample obeyed the Curie-Weiss law
X,r, = 10.1/(T-205) and that the room-temperature
atomic susceptibility was 115)&10 '. Spedding et u3.'
have reported results of magnetic measurements on a
pure sample and indicate that terbium is ferromagnetic
below 230'K. Leip6nger' has examined the metal at
very low temperatures and found that the magnetic
moment is nearly independent of temperature for the
range below 80'K and for fields less than 3 kilo-oersteds.

Specific-heat studies by Jennings et al.» reveal two
anomalies in the heat-capacity curve of terbium,
plotted as a function of temperature. These are a
"bump" at about 221'K and a sharp peak at 227.7'K.
The sharp peak is not far from the Keel point found in
the magnetic moment determinations on a pure sample
reported in this paper.

The terbium was prepared in a manner described
previously. "Chemical analysis for carbon and nitrogen,
and spectrographic examination for metallic impurities
gave the following results and estimates in ppm: carbon
438, nitrogen 170, Ce, Pr, Nd, Kr, Tm less than 5000,
Sm less than 3000, Dy, Ta less than 2000, Gd less than
1000, Ca less than 250, Sc less than 200, La, Eu, Tb, V,
Mg, Cu, Fe, Si less than 50.

As indicated, the spectrographic estimates are only
upper limits. Spectrographic standards for quantita-
tively determining impurities at low concentrations in
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these elements are not yet available. It is quite probable
that the total ferromagnetic impurity did not exceed

II. METHOD OF MEASUREMENT

The experimental procedure is basically the same as
that described by Klliott et al.' The apparatus was im-
proved by the addition of a current control for the
field magnet, by regrinding the pole pieces to provide
a more uniform field gradient and by providing a
centering device for the sample. The last consisted of
a mechanism which caused slow transverse oscillations
of the sample holder in the field during weighing and
was used whenever significant lateral forces made it
necessary to overcome the eGects of friction.

Two sample sizes were used. The ferromagnetic range
was covered with a sample 1 mm square&(10 mm long.
For paramagnetic and low-Geld measurements a larger
cylindrical sample, 2.4 mm in diameter by 10.6 mm
long was used.

III. RESULTS

The values of the magnetic moment o- expressed in
ergs per oe per g are shown as a function of the effective
field in Fig. 1 and as a function of temperature for
various fields ranging from 1 to 18 koe in Fig. 2. At the
right in Fig. 2 is shown the plot of 1/x ss T for the
paramagnetic region, p being the mass susceptibility.
From the intercept and the slope of this line, the para-
magnetic Curie temperature e„and the intrinsic mag-
netic moment p~ in Bohr magnetons per atom were
determined.

By plotting the values of o- at temperatures below
60'K against 1/II and extrapolating to 1/II=0, the
limiting values of o-„,p for various temperatures were
obtained. These values of o-„,~ were plotted against T:
and extrapolated to 1:=0to obtain o-„,0 the saturation
moment per gram. Thence the ferromagnetic moment
per atom, m~, in Bohr magnetons, was computed.

The results of these deductions from the data are as
follows: 0„=237~2'K, p~ =9.7, o-„,0= 322.4~2 cgs
units, m~ =9.25.

' Flliott, Legvold, and Spedding, Phys. Rev. 91, 28 (1953).
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