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degeneracy temperature proportional to the width
of the peak. The susceptibility X above T could
only be calculated if the precise structure of the
peak and the exchange energy were known. How-
ever, as exemplified in Fig. 7 of Elcock et al. ,
and as frequently discussed for normal ferromag-
netic metals and alloys, e the 1/g, T curves calcu-
lable on this basis frequently appear to be very
closely linear over relatively wide ranges of tem-
perature above I' . The slopes of such linear
curves then bear no relation whatever to the sat-
uration magnetizations obtained from low-tempera-
ture measurements. For the Sc-In alloys there
was indeed no such relation: The saturation mag-
netic moments per atom are given as 0.035 to
0.039 Bohr magneton while the values derived
from the apparent Curie-Weiss constants ranged
from 0.65 to 0.70 over the ferromagnetic composi-
tion range. This divergence shows that a localized
model is not applicable here, while the discussion
just given shows that the observations can be ex-
plained in terms of a band model including a peaky
structure. Further evidence bearing on this inter-
pretation would come from low-temperature spe-

cific heat measurements.
We wish to thank B. T. Matthias and A. M. Clog-

ston for helpful discussions of their results.
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Nuclear spin states are commonly identified in
gases, but are not generally expected to exist in
condensed phases. Whereas ortho and para forms
are acknowledged for hydrogen both in liquid and
solid, ' restrictions in other cases imposed by
neighboring molecules presumably prevent quan-
tized rotation with a clear distinction between odd
and even rotational quantum numbers with asso-
ciated parallel and antiparallel nuclear spin align-
ment.

In the case of molecular hydrogen, the elastic
neutron scattering cross section for the ortho
state is large compared to the para state for both
liquid and gas (30:1 in the case of the gas). ' Neu-
tron scattering measurements therefore permit
the identification of ortho and para states.

The experiment consisted of measuring the at-
tenuation of a neutron beam by the sample under
investigation which was immersed in liquid heli-
um. Temperatures below 4'K were achieved by
evacuating the liquid helium and reducing the
boiling point. The beam intensity as measured

by a thin BFS counter was observed as a function
of time with sudden changes in sample tempera-
ture, holding other experimental parameters con-
stant. The neutron beam was derived from a re-
entrant hole in an aqueous moderator immersed
in liquid helium. A velocity spectrum of the emer-
gent beam was best fitted by a Maxwell distribution
having a temperature of 40'K.

Solid acetylene (HCCH), a linear molecule, wa, s
cooled, first to 4'K and then to 2'K, and the total
cross section was followed as a function of time
(Fig. 1). The cross section changed from an ini-
tial value of 140 barns to 10 barns per molecule.
The temperature was rapidly raised to 77 K, after
which the cross section returned to its original
value. The time for 50 conversion from the low-
temperature form (mostly para) to high-tempera-
ture form (3 ortho-1 para) was about 10 minutes.

Heat capacity data for water were once inter-
preted in terms of ortho and para states. s The
Pauling model so completely explained the resid-
ual entropy that the alternate interpretation was
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FIG. 1. Time-dependent cross section of acetylene.

forgotten. Comparison of the scattering cross
section of molecular hydrogen with water for the
high-temperature mixture (3 ortho-1 para) shows
comparable cross sections and energy dependence.
Even though hydrogen-bonded, water would seem
to have ortho and para modifications. ~' Trans-
mission experiments similar to those on acety-
lene confirm this prediction.

Water has been studied as a neutron moderator
at cryogenic temperatures. ~7 Allowed transitions
between ortho and para states are possible by
means of spin exchange scattering. This inelastic
process constitutes an additional moderation mech-
anism. ' A kilogram sample was cooled to 4'K.
The neutron spectrum within the moderator, as
measured by a foil activation technique, indicated
the existence of a substantial fraction of the neu-
trons in a Mmnvell distribution near the thermo-
dynamic temperature. ' A beam of neutrons was
removed under geometric conditions which as-
sured minimum perturbation of the velocity dis-
tribution function.

An absorption curve, using 1/v absorber and a
thin 1jv detector, showed that 20% of the neutrons
in the beam from a 4' moderator had an effective

cross section in indium of 1500 barns. This soft
component was not present at moderator temper-
atures of 77 or 300'K. These data are considered
evidence that 20% of the neutrons reaching 300 K
enter a thermal distribution near 4'K. All the
foregoing experiments were conducted immediately
after cooling the moderator and were conducted
within a period of less than an hour.

A velocity spectrum did not, however, clearly
delineate this low-temperature thermal distribu-
tion. Plotting the intensity per channel as a func-
tion of time disclosed an exponential decay with a
half-life of about 100 minutes (Fig. 2). Under the
experimental conditions of constant moderator
temperature and careful monitoring, the intensity
change could only be identified with a change in
the scattering power of the moderator. A reduc-
tion in scattering power would increase the leak-
age of neutrons from the refrigerated moderator,
thereby reducing the thermal source intensity. At
the end of the refrigeration period the thermal
neutron distribution returned to its original inten-
sity. A change in intensity by a factor of ten was
observed in the course of eight hours for neutrons
between 500 and 1500 psec/m reciprocal velocity.
The channel covering 0-500 p. sec jm shows a less
pronounced time dependence because it includes
fast and epithermal neutrons.

These changes in spectral intensity are consid-
ered evidence of substantial ortho to para trans-
formation with associated loss of scattering power.
After para transformation, the neutron flux is so
low that it is not possible to distinguish a Maxwell
distribution near the thermodynamic temperature
from background effects. During the first part of
the experiment, when ortho molecules are present,
and earlier measurements showed evidence of a
Maxwell distribution near the thermodynamic tem-
perature, velocity selector statistics are inade-
quate again to demonstrate its existence.

Water is therefore an ineffective neutron mod-
erator at 4'K. In the para state no levels exist
near the ground state so that there is no effective
mechanism for inelastic scattering and neutron
moderation. While the ortho state has an appro-
priate transition for neutron energy loss, the
lifetime of the ortho molecule for spontaneous
transformation to para is short. If the tempera-
ture is such that a significant fraction of the mole-
cules exist in the ortho state, then its neutron
moderating properties should be good.

Nuclear spin states found in water and acetylene
are expected in many molecular crystals, the ro-
tational energy levels being shifted to higher tem-
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FIG. 2. Time-dependent spec-
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peratures by the crystal potential. Neutron scat-
tering is an incisive tool at least in the case of
dihydrogen molecules because of the large change
in scattering power between ortho and para states.
Crystal structure determinations using neutrons
must now be reviewed in the light of these obser-
vations, particularly in the case of water.
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