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FIG. 1. Resistance of cesium vs pressure—composite
of 12 runs at 296°K.

drift with time except in this region.) The max-
imum always occurred at the same pressure
relative to the minimum, and always at a re-
sistance higher than that of the first cusp. All
of the features occurred on release of pressure
as well as on application of pressure. A number
of runs were also made at 77°K. The features
occurred at about the same pressures, and were
similar in character except that the rise initiat-
ing at 175 kilobars was somewhat more sluggish.

It is clear that Sternheimer’s calculations re-
quire some expansion and refinement. The sec-
ond rise might be explained in terms of overlap
with another branch of the split “5d band.” In
view of Ham’s calculations and of new data on
other alkali metals (e.g., the maximum resist-
ance of rubidium and the sharp rise of resistance
of potassium®), a rather complete reanalysis of the
theory is desirable. It would be most useful to
have x-ray measurements of the structure of the
high-pressure phases. Room-temperature meas-
urements on cesium in our high-pressure x-ray
apparatus'® have not proved feasible. Efforts
are being made to extend the high-pressure x-ray
technique to low temperature where cesium gives
much better x-ray patterns.

*This work was supported in part by the U. S. Atomic
Energy Commission.
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NUCLEAR MAGNETIC RESONANCE OF Gd'*® AND Gd'*” IN THE CUBIC FERROMAGNET GdNT
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(Received 22 November 1963)

We wish to report the observation of the nu-
clear resonance of the two naturally occurring
isotopes of gadolinium which have a nuclear
moment. This experiment is of some interest
in two respects: First, to our knowledge this
is the first observation of nmr of gadolinium,
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and second, there is no quadrupole interaction
observed in contrast with isoelectronic divalent
europium nuclear resonance.

The host lattice was the material GAN which
has the rock salt structure. The GdN was pre-
pared by reacting molten gadolinium metal
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Table I. nmr frequencies of Gd'%® and Gd!*' compared with some similar data.

Temp nmr Af Quadrupole

Isotope Ion Lattice (°K) freq (kc/sec) interaction

Gd1% felitas GdN 4.2 44,090 100 None observed

Gd!% Ga3t GdN 2.2 44.204 100 None observed

Gd1%? Gad®* GAN 4.2 58.500 200 None observed

Ga's? Gast GdN 2.2 58. 700 200 None observed

Gd1% Gd** ThO, 290 41 w2

Gat%? Ga®* ThoO, 290 56 .2

Eul!s! Eu?* EuS 4.2 331.82 1500

Eul®? Eu?* EuS 4.2 146.550 5 peaks ~6 Mc/sec

450 kec/sec apart

aData calculated from epr resultsof Low and Shaltiel (see reference 2).

(purity 99.9%) contained in a tantalum crucible
with flowing nitrogen (99.996% purity) at 1400°C.
The nitrogen content of the product, determined
by a modified Kjeldahl method, was 95% of theo-
retical. The lattice constant was found to be
4.99 A by the powder method. The Curie tem-
perature is reported as 60°K.! Table I gives

the pertinent data concerning the resonance. In-
cluded in Table I are the electron paramagnetic
resonance (epr) results of Low and Shaltiel® and
the results of an nmr experiment on the europium
in EuS.® We may extract one number which com-
pares directly with the data of Low and Shaltiel;
that is, the ratio u'®%/u!%”, our number being
0.753+0.005, theirs being 0.744+0.007.

The line shape is the most interesting point of
this study. The trivalent gadolinium ground
state is'®S,,, which is the same as that of divalent
europium. The crystal structure of GAN and
EuS are the same with only a difference in lattice
parameter (5.00 A for GAN* and 5.96 A for EuS 5).
EuS is nominally an insulator while GdN is an
intermetallic compound (p=1x10"% Q cm at room
temperature).® Both materials should be nearly
cubic. The two gadolinium isotopes have a quad-
rupole moment of about 1 barn,” while Eu'® has
a quadrupole moment of about 2.5 barns.® In the

nmr experiment on EuS, the resonance of the Eu!'5®

had five peaks ~450 kc/sec apart, which indicated
a quadrupole interaction since 7 for this isotope
was 5/2. Neither of the two resonances for the
gadolinium resolved a quadrupole interaction in
the way that the europium did, and we may place
an upper limit of 300 kc/sec for the quadrupole
interaction, e®q@Qr ™, for Gd'®® from the line

shape. Nothing can be said for Gd'*". Indications
are that in both cases, EuS and GdN, the nuclear
resonance is due to the usual domain wall enhance-
ment® mechanism. It would seem on this basis
that the ferromagnet GdN is the more nearly

cubic, hence the more perfect from a theoretical
point of view than EusS.

In keeping with the smaller ionic radius, the
hyperfine interaction for Gd** is ~370 kOe as
compared with 340 kOe for Eu®* on the basis of
the data of Table I.

The authors wish to thank Professor W. Wolf
for pointing out the possibilities of GAN as a
ferromagnet and Dr. J. S. Smart for encourage-
ment in continuing this study.
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1G. Busch, P. Junod, O. Vogt, and F, Hulliger,
Phys. Letters 6, 79 (1963).

*W. Low and D. Shaltiel, J. Chem. Phys. Solids 6,
315 (1958).

SE. L. Boyd, Bull. Am. Phys. Soc. 8, 439 (1963);
S. H. Charap and E. L. Boyd (to be published).

‘H. A. Eick, N. C. Baenziger, and L. Eyring, J.
Am, Chem. Soc. 78, 5987 (1956).

5T. R. McGuire, B. E. Argyle, M. W. Shafer, and
J. S. Smart, Appl. Phys. Letters 1, 17 (1962).

8See R. Didchenko and F. P. Gortsema, Proceed-
ings of the Third Rare Earth Conference, Grand Ba-
hama, Bahamas, 1963 (Gordon and Breach, London,
to be published).

D. R. Speck, Phys. Rev. 101, 1725 (1962).

8J. E. Mack, Rev. Mod. Phys. 22, 64 (1950).

A. M. Portis and A. C. Gossard, J. Appl. Phys.,
Suppl. 31, 205S (1960).

21



