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A canted structure has been observed in GdMg by neutron diffraction at 0.5 A. That suggests for a cubic S-ion com- 
pound the existence of additional exchange interactions besides the Heisenberg coupling. 

Rare-earth metals form equiatomic compounds hav- 
ing the cubic CsCl-type structure with metals such as 
Rh, Cu, Ag, Zn or Mg [l] . They constitute a very sim- 
ple system for the systematic study of the 4f magnetic 
interactions. 

GdMg [2,3] orders at 110 K and bulk magnetic 
measurements indicate a spontaneous magnetization 
of 4.54 & at 4.2 K, much lower than the 7 pB of the 
Gd3+ ion. Furthermore a large susceptibility is ob- 

served in magnetic fields up to 150 kOe, where the 
magnetic moment reaches only 6.22 pB. These results 
suggest that GdMg is not a simple ferromagnet. 

The large absorption of natural gadolinium for ther- 

mal neutrons has previously prevented detailed neu- 
tron studies, except with non absorbing isotope [4] . 
However, the reduction in the absorption with smaller 
wavelength has allowed a partial single crystal investi- 
gation of Gd [5] and Gdo.9YoS, [6]. The cross sec- 
tion of natural gadolinium is only 2.50 barn at h 
= 0.5 A, a wavelength close to the peak neutron flux 
at the hot source of the Institut Laue-Langevin reac- 
tor in Grenoble (diffractometer D5). The flux at the 
specimen was about 2 X lo6 neutrons cmT2 s-l. In 
order to minimize the absorption further, the poly- 
crystalline sample was a flat plate 1 mm thick and 
2.5 cm2 in surface. The experiments were performed 
at different temperatures from 12 K to 130 K. At the 

1 Also at Laboratoire Louis Neel, C.N.R.S., 166X, 38042 
GrenobleCedex, France. 
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lowest temperature a magnetic field of up to 2 kOe 

was applied along the scattering vector k, in the plane 
of the plate. The demagnetizing field measured by 
magnetization experiments was 400 Oe. 

Fig. 1 shows the neutron diffraction patterns ob- 
tained at 130 K and 12 K. The 130 K spectrum is con- 
sistent with the coherent nuclear scattering expected 
from a pure cubic CsCl structure; in addition lines 

from the aluminium tails of the helium refrigerator 
are observed. Using the value of the nuclear scattering 

amplitude b,, = 0.52 X 10u2 cm, the best agreement 
with the experimental nuclear intensities was obtained 
for the value bGd = (1.1 + 0.1) X lo-l2 cm. This value 
is in agreement with that of bGd = 0.95 X 1 O-l2 cm 

obtained for h = 0.35 A [5]. 
At 12 K we observe simultaneously the growth of 

nuclear lines and the appearance of new reflections 
which are indexed as (h, k, f ) in the cubic cell. This is 
consistent with the presence of both ferromagnetic 
and antiferromagnetic contributions. Evaluating sepa- 
rately each component and taking into account the 
magnetic form factor of Gd3+ [7] we obtain j+ = 4.9 
+ 0.3 ,~g and PAP = 5.1 + 0.3 pB for the ferromagnetic 
and antiferromagnetic components respectively. Within 
the experimental accuracy the direction of the anti- 
ferromagnetic components is perpendicular to the 
propagation vector 4 = (0, 0, +). 

As discussed in ref. [g J such a magnetic diffraction 
pattern can be explained in terms of three different 
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Fig. 1. Neutron diffraction spectra at 12 and 130 K, h = 0.5 A. 

types of structure, arising from either a canted struc- 
ture, or an alternate ferromagnetic and paramagnetic 
layers arrangement, or an incoherent mixture of ferro- 
magnetic and antiferromagnetic domains. The second 
type of structure has to be rejected because it leads to 
a moment larger than the free ion value of 7 pg. For 
the same reason, any single phase structure implies 
that the /_LF and PAF components are perpendicular. 
The dependence of the magnetic intensities (fig. 2) on 
a magnetic field applied parallel to k [9] allows us to re- 
ject the possible mixture of domains and to fully solve 
the magnetic structure, as described below. 

The easy direction for the ferromagnetic component 
appears to be [ 11 l] : the rapid decrease of the (111) 
magnetic line, in fields up to 400 Oe, is associated with 
the growing of the domain for which the magnetization 
is parallel to k, at the expense of the seven others. Al- 
ternatively the intensity of the (100) magnetic line 
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Field dependence of the different magnetic intensities; 
a different scale was chosen for each line. Canted magnetic 
structure of GdMg. 

does not vary in low fields since four out of the eight 
(111) directions are favoured, and the projection of 
the moments perpendicular to [loo] is not changed. 
In higher fields the intensity of the (100) peak de- 
creases as the ferromagnetic components rotate into 
the field direction. From the field dependence the 
anisotropy field is estimated to be 2 kOe. The field de- 
pendence of the (110) peak is logically explained in 
terms of domain wall displacements followed by the 
rotation of the ferromagnetic components. 

The field dependence of the antiferromagnetic lines 
reveals the perpendicular coupling of the antiferromag- 
netic and ferromagnetic components. Since the inten- 

sity of the (00 f ) line is field independent, no displace- 
ment of antiferromagnetic walls occurs and /.IAF is con- 
firmed to be perpendicular to the [OOl] direction in 
zero field. On the application of a magnetic field paral- 
lel to (lo;), the intensity remains constant up to 400 

Oe after which it increases and saturates at about 2 
kOe. The behaviour is closely related to that observed 
for the three ferromagnetic lines: above 400 Oe the in- 
crease of intensity is explained by the rotation of the 
antiferromagnetic components driven by that of the 
ferromagnetic component. 

This perpendicular coupling of the /.AF and /.LAF 
components in a single magnetic phase indicates that 
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Fig. 3. Thermal dependence of ferromagnetic and antiferro- 
magnetic components and of the angle 0 between the mo- 
ments of the two sublattices. 

the magnetic structure of GdMg is canted. As nAF is 

perpendicular to the [I 111 direction and to the (00 i) 
propagation vector, it must lie along the [liO] direc- 
tion (inset of fig. 2). 

In order to determine the thermal evolution of the 
magnetic structure, the temperature dependence of 
the (100) and (10 i) lines was studied. From the re- 
sults shown in fig. 3, it is clear that pAF vanishes at 
T cant = 85 K whilst &? remains until T, = 110 K. The 
canted magnetic structure progressively closes when 
the temperature increases and eventually becomes a 
collinear ferromagnet between Tcant and T,. 

To our knowledge this is the first magnetic struc- 
ture completely determined on a compound with Cd. 
A canted structure in an S-ion is somewhat puzzling 
since in cubic CsCl structure it cannot be explained 
by the isotropic (Heisenberg) or anisotropic bilinear 
exchange. In GdMg the coupling responsible for the 
canted structure is large: at 4.2 K, a field of about 
300 kOe is necessary to reach saturation. However, 
this coupling is weakly anisotropic: from the neutron 
study, the /*F component is directed along the field 
direction for field values larger than 2 kOe, without 
modification of the canting angle 0. At last, the ab- 
sence of the canted structure between 85 K and the 
ferromagnetic ordering temperature suggests a differ- 

ent thermal dependence for the coexisting interactions. 

A canted structure has previously been observed in 
TbMg [3] and in a systematic study of the ternary 
TbCul _-x Zn, system [lo] similar canted configura- 

tions have also been observed, in the region between 
the antiferromagnetic phase (X < 0.54) and the ferro- 
magnetic one (x > 0.68). However in these cases CEF 

effects are strong which makes the analysis more com- 
plex. 

The canting ordering observed in TbCu, _XZnX 
has been interpreted in terms of the s-f exchange 
model [ 111. In the case of a narrow band, this model 
reduces to the double-exchange mechanism [ 121 
which has been applied to Cr, _,Mn,Sb. However a 
quite simple explanation may be invoked considering 
exchange terms of higher order than Heisenberg ex- 
change terms, as a matter of fact a biquadratic cou- 
pling [ 131 is already sufficient to stabilize a canted 
structure. 
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