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This report was prepared as an account of Government sponsored work. Neither the United 
States, nor the Commission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with respect to the accu
racy, completeness, or usefulness of the information contained in this report, or that the use 
of any Information, apparatus, method, or process disclosed In this report may not infringe 
privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages resulting from the 
use of any Information, apparatus, method, or process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" includes any em
ployee or contractor of the Commission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee of such contractor prepares, 
disseminates, or provides access to, any Information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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Scope of Work 

We proposed to study the electrostatic, exchange and magnetic 
dipole interactions between f-shell ions, particulaly;as manifested 
in the properties of ordered magnetic states (ferromagnetic and 
antiferromagnetic) arising from these interactions. We have 
investigated several rare earth chlorides by nuclear magnetic and 
quadrupole resonance techniques with the results described below. 
This work is an extension of that performed under contract AT-(30-1) 
3090 and described in its Final Report dated 15 September 1965. 

GdCl3 
1 2 

GdCl3 is known ' in a hexagonal form with a space group P63/m. 
It is isomorphic with UC1, and the rare earth trichlorides of La 

3 4 5 through Eu. Wolf and his associates ' ' have shown GdCl3 to be 
ferromagnetic below a Curie temperature T = 2.20°K and have 
measured the specific heat and susceptibility. 

We have studied the free induction decay, following an rf pulse, 
of the CI and CI nuclei at temperatures from 77°K to 0.45°K, and 
have reported the results in a 10 minute paper. Below T , three 
Zeeman componets (in the internal magnetic field) of the pure 
quadrupole resonance line were observed fro each isotope. These 
data were analyzed, giving for the electric field gradient assym-
metry parameter^ = 0X. 425, and for the temperature-dependent 
field the results set forth in table I. (We have assumed Y 3 5 = 
2.6302 and Y 3 7 = 2.1904 ). The magnetization is 

compared to a molecular field model in Figure 1. Measurements are 
underway to improve these data and extend them to lower temperatures 
and non-zero external magnetic fields. The results will be compared 

8 9 
to cluster expansion and Green function calculations. 
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An attempt to evaluate the dipole-dipole contribution to the 

magnetic field at the CI nuclei by direct summation of the electron 
o 

charges localized on Gd ions in a sphere of 100A radius demonstrated 
a severe dependure on the assumed chlorine position in the unit cell. 
Of the salts isomorphic to UC13, only for UC13 itself has the CI 
position been determined, and that only to an accuracy of about 

o 

OilA. Scaling the UC1- arrangement to the GdCl3 unit cell allows 
values of the internal dipole-dipole saturation magnetic field at 
the CI nuclei to range fron -910 gauss to +1400 gauss within the 
allowed CI positions. These values are somewhat smaller than the 
measured saturation magnetic field of about 4920 gauss, indicating 
a transfer hyperfine contribution of about A = 0.8 Mc, (when writing 
H = I.S -<S>). 

In UC13, the distances between a CI and its 2 nearest neighbor 
U ions is the same, indicating an ionic contact arrangement. When 
scaled to GdCl3, this is no longer true. This, together with the 
change in V\ from 0.58 to 0.425 in going from PrCl3 to GdCl3 indicates 
that the Cl~ position parameters u and v do not just scale. We 
have just completed measurements of the intensities of about 300 
reflections in the 0001 plane of GdCl3 at room temperature on a 
General Electric Xray spectrometer, using counter detection. We 
will analyze these to obtain accurate Cl~ positions. 

During pulse work at 77°K on a polycrystalline sample of 
GdCl3, we observed new lines that could be grouped as follows 

Set I 
Set II 

CI35 

6.11 
5.72 

CI 3 7 

4.90 
4.39 

weaker 
stronger 
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The presence of two chemically:inequivalent CI resonances strongly 
suggests a new crystal form of GdCl3 isomorphic with monoclinic YCL3. 
This structure may turn out to yield a very interesting 2-dimensional 
ordered state as the rare earth ions are in parallel planes with 
two layers of Cl~ ions sandwiched between each pair of rare earth 
planes. The interaction between rare earth planes may well be much 
weaker than that between adjacent ions in the same plane. 

PrCl3 
3 A crystal of PrCl3 was studied in a He bath (kindly made 

available to us by Professor Spence) at temperatures down to about 
0.5°K. At the lowest temperature reached, the pure quadrupole line 
at 4.567 Mc was observed to split into two lines. Each of these 
appeared to be double. The presence of this splitting indicates an 
ordered state and the absence of strong modulation pickup suggests 
the state is antiferromegnetic. As the crystal warmed up, both the 
split and unsplit componets could be seen simultaneously. This 
may be due to a temperature gradient in the sample. 

NdCl3 
A single crystal of NdCl3 was studied down to about 0.5°K. 

Near the lowest temperature reached, the signal suddenly grew weak 
and disappeared. No splitting was observed. The absence of strong 
modulation pickup indicates an antiferromagnetic state. Near 1.03°K, 
the susceptibility peak of Eisenstein, Hudson and Mangum was observed 
as a change in modulation pickup. 

The NMR line was observed continuously through this temperature 
region and no changes were observed. 
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Nd-Pr Mixture 

A fifty-fifty mixture of NdCl3 and PrCl3 was prepared as a 
polycrystalline sample. This was examined bŷ MN/R at 77°K. No CI 
resonance was found, particularly at the frequencies expected for 
resonance in pure NdCl3 and pure PrCl3. It is likely that the 
two materials were completely miscible and the electric field 
gradient is not dominated by the nearest neighbors. The search will 
be repeated at the He temperatures, ( for higher sensitivity) and 
in a single crystal. 

Nd3+ Ion Pairs 
3+ Work started under a previous contract on Nd ion pairs in 

LaCl3 was not continued because of publication of an extensive paper 
on this material. Because several laboratories seem to be already 
active in this field, we plan no further work in this area. 

Equipment 
As would be expected, considerable effort has been spent in 

reestablishing our laboratory at this new instillation. The crystal 
growing complex includes a "melting" vacuum system (for making ingots 
from purchased anhydrous rare earth halides), a distillation vacuum 
system and two gradient furnaces (for growth of single crystals by 
the Stockbarger technique). Capability for preparation by reaction 
of the elements is also being constructed. 

A Harvy-Wells 12" magnet made available by the University was 
mounted on a rotating base and tracks, and a regulated power supply 
has been constructed. 
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Over the tracks an experimental station has been constructed 

4 J • on beams laid on a sand filled pier. This holds a He bath and its 
3 controls. Adjunct equipment is being assembled to service a He 

bath for temperatures down to 0.3°K. The equipment may also be 
adapted to adiabatic demagnetization techniques. 
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Table I 

Internal magnetic field vs temperature in ferromagnetic GdCl3. 

T(°K) 

2.073 

1.975 

1.737 

1.688 

1.520 

1.400 

1.295 

1.262 

1.071 

0.82 

0 .61 

0.47 

H(kilogauss) 

2.052 

2 .571 

3.265 

3.388 

3.377 

3.713 

3.718 

3.885 

3.895 

4.034 

4.083 

4.089 

4.313 

4.540 

4.736 

4.826 



Figure Captions 

Figure 1. Circles represent experimental values of the internal 
field at CI nuclei. Scatter in the data is mostly due to poor 
temperature measurement. The solid curve is calculated from the 
molecular field model and norraalized to fit the low temperature 
data. 

35 Figure 2. Tops Second derivative of the CI absorption in PrCl3 
just below the transition temperature. Bottom; Same, at a slightly 
lower temperature. 
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CI35 in Gd CI 
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