
13. NEUTRON DIFFRACTION C-287 

13.X-05 ON THE MODULATED MAGNETIC STRUC­
TURE OF CeAl7 By B. Barbara, IBM T. J. Watson Re­
search Center, YorktownHeights, New York and Laboratoire 
Louis Nee! C.N.R.S. 166X 38042, Grenoble; J. L. Buevos, 
I.L.L. 156X, 38042, Grenoble; M. F. Rossignol, Laboratoire 
Louis Neel C.N.R.S., 166X 38042, Grenoble; J. X. Bouch­
erle and J. Schweizer, D.R.F./D.N. - C.E.N.G. 85X 38041 
Grenoble and l.L.L. 156X 38042, Grenoble, and C. Vettier, 
I.L.L 156X, 38042 Grenoble. 

The intermetallic Laves-phase compound CeAJ2 exhibits 
sinusoidally modulated magnetic structure with the propaga­
tion vector qi = 1/2+T, 1/2-T, 1/2) (B. Barbara, J. X. 
Boucherle, J. L. Buevos, M. F. Rossignol, J. Sch\veizer, Sol. 
State Comm. 24, 481, 1977). There are twentycfour non­
equivalent qi vectors in the Brillouin zone which lead to a 
twenty-four-component or~r parameter. The existence of 
small magnetic peaks with qc = (1/2,1/2,1/2) and the con- -
tinuous character of the magnetic ordering transition suggest 
a coupling between different qi vectors (S. M. Shapiro, E. 
Guerwitz, R. D. Parks, L. C. Kupferberg, Phys. Rev. Lett. 
43, 1748 (1979). On the other hand the increase of diffract­
ed intensity at some points of the reciprocal lattice and the 
correlative decrease at other points (under small uniaxial 
stress at T "" T n/2) suggest a single q magnetic structure with 
an overall cubic symmetry restored by the coexistence of 
twenty-four magnetic domains (B. Barbara, J. X. Boucherle, 
M. F. Rossignol, C. Vettier, Phys. Rev. Lett. 45, 11, 1980). 

These two points as well as the evolution of the incommensu­
rate magnetic structure of CeAl? under hydrostatic pressure 
will be discussed. Furthermore the fact that such modulated 
structures involving moment reductions characterize the 
ground state of a Kramers ion will be related to the ordered 
Kondo lattice model. 

B.X-06 ~~GNETIC PHASE TRANSITIONS IN SUPERCONDUCTORS 
By J. W. Lynn, Department of Physics and Institute for 
Physical* Science and Technology, University of 
Maryland , College Park, Maryland 20742, and National 
Measurement Laboratorj, National Bureau of Standards, 
Washington, D.C. 20234. 

The rare-earth (RE) ternary superconductors belonging to 
the REMo6X8 (X=S, Se) and RERh4B4 classes of materials 
have provided the first unambiguous examples of the co­
existence of superconductivity and long range magnetic 
order. For systewE in which the interactions between 
rare-earth moments are antiferromagnetic in nature, the 
magnetic order only weakly perturbs the superconductiv­
ity since there is no macroscopic magnetization associ­
ated with the magnetic state. There are now a rather 
large number of ternary materials which exhibit long­
range antiferromagnetic order coexisting with supercon­
ductivity over a wide range of temperatures. The com­
petitive nature of these two cooperative phenomena is 
illustrated for systems which display ferromagnetic in­
teractions, such as HoHo6S8 and (Eq-xHox)Rh4B4, which 
first become superconducting at a temperature Tel and 
then order magnetically at lower temperatures. At first 
the superconductivity is able to prevent ferromagnetic 
alignment, and a compromise long-wavelength oscillatory 
magnetization is established at intermediate tempera­
tures. At sufficiently low temperatures, however, the 
superconductivity is destroyed (at Tcz) as ferromagne­
tism sets in. A similar reentrant superconducting tran­
sition has recently been found in ErRh1.1Sn3.6• although 
in this case the ferromagnetic order appears not to be 
truly long range in nature. The behavior of these reen­
trant ferromagnets contrasts with the pseudo-binary sub­
stitutional alloy systems such as (Cel-JREc)Ruz, where 
rather long-range ferromagnetic correlati'ons develop in 
the superconducting state, but true long range magnetic 

order only appears above the percolation threshold where 
the superconducting state is fully suppressed. 

Inelastic neutron scattering studies have shown that the 
crystal field splittings of the rare-earth ions in these 
materials are large in comparison with the magnetic 
energies, as might he expected since the magnetic 
ordering temperatures are typically below 1 K. Conse­
quently the nature of the magnetic state at low tempera­
tures and its influence on the superconducting proper­
ties is dictated in each case by the crystal field 
ground state of the 4f electrons rather than the 
free-ion properties. The crystal field results obtained 
to date on these materials will also he reviewed. 

*Hork supported by the NSF, DHR 79-00908. 

B.X-07 ANISOTROPIC AND ANHARHONIC INTERACTIONS IN 
CUBIC AB 3 INTERMETALLIC COMPOUNDS. By J. Faber, Jr. 
and G. H. Lander, Argonne National Laboratory, Argonne, 
Illinois, P. J. Br01m, Institute Laue Langevin, 
Grenoble, France, A. Delapalme, Laboratori Leon 
Brillouin, Gif-sur-Yvette, France, C.-K. Loong and C. 
Stassis, Iowa State University, Ames, Iowa. 

The usual assumptions for cubic solids are that the 
atoms vibrate isotropically and harmonically. However, 
the recognition that bonding effects play an important 
role in determining the properties of solids, and the 
observation that solids expand contradict these 
assumptions. It is precisely the higher-order 
corrections to these approximations that give us 
information about bonding and the restoring potentials 
associated with atom vibrations. Here we report the 
results of single crystal neutron Bragg scattering 
studies on the intermetallic compounds UGe3, USn3 , 
URh3 , URu3, CeSn3 and AuCu3 • In the temperature range, 
80 < T < 600 K, these crystals exhibit the ordered 
cubic P~3m structure (Oh ). Both strong fundamental 
and weak superlattice reflections have been measured 
out to high Q = 4TI sin8/A (Q £ 15 A-1 ) values. Large 
anisotropies in the superlattice intensities are 
observed that cannot be explained in the harmonic 
approximation. However, the point group symmetry for 
the B atoms in AB 3 is tetragonal (D4h), and an 
anisotropic potential well is anticipated. The effects 
of anisotropic (but harmonic) thermal motion are 
enormous, e.g., in Cesn3 the thermal vibration 
ellipsoid is 1.6 times as extended along the unique 
tetragonal axis as compared with perpendicular to it. 
He will show that the detailed shape of the thermal 
vibration ellipsoid is sensitively dependent upon the 
outer electron configuration at the B atom site, thus 
reflecting p-type bonding for Ge or Sn, but d-type 
bonding for--Rh or Ru. Information about the<;e 


