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The magnetic properties of the compounds PrMg2, NdMg2, DyMg2, and ErMg2 were studied by 
means of neutron diffraction at various temperatures. All these compounds give rise to 
ferromagnetic ordering. The absolute values of the magnetic moments in the magnetically 
ordered state are lower than the free-ion values. Inelastic neutron scattering at several 
temperatures was studied in PrMg2 and NdMg2. Analysis of the scattering data in conjunction 
with the results of specific-heat and magnetization measurements shows that PrMg2 is an 
induced-moment system (F3 ground state), where quadrupolar effects carry a large weight in 
determining the magnetic properties. The values found for the crystal-field parameters in PrMg2 
(x = 0.671 and W = - 0.345) are consistent with the results obtained with CeMg2 and NdMg2 
(A4> 0, A6<0). 

PACS numbers: 75.10 - b, 75.25. + z, 75.1O.Dg, 65.40.Hq 

I. INTRODUCTION 
In a previous investigation the magnetic properties of 

rare-earth magnesium compounds of the type RMg2 were 
studied by means of bulk magnetic measurements. l These 
compounds were classified as ferromagnetic, although indi-
cations were obtained from the peculiar temperature depen-
dences of the magnetization that magnetic ordering might be 
more complex than ferromagnetic. In the present investiga-
tion we have studied the magnetic structure of the RMg2 
compounds in more detail by means of neutron diffraction. 
Since the crystal structure of the RMg2 compounds changes 
from cubic (C 15) to hexagonal (C 14) in the middle of the 
series, we chose four representative examples (R = Pr, Nd, 
Dy, and Er). Apart from neutron diffraction, the two cubic 
compounds PrMg2 and NdMg2 were also investigated by 
means of inelatic neutron scattering, in order to determine 
the energy-level scheme resulting from the splitting of the 
lowest J multiplet by the crystalline electrostatic field (CEF) 
of the surrounding ions. 

II. EXPERIMENTAL METHODS AND RESULTS 
The samples of PrMg2, NdMg2, DyMg2, and ErMg2 

were prepared by sealing stoichiometric quantities of the ele-
ments into molybdenum containers and heating at 1000 °C 
for several hours. Subsequently, they were annealed well 
above the peritectoid decomposition temperatures and final-
ly quenched in water. 

The neutron diffraction experiments were carried out 
on the multidetector diffractometer D1B at the Institut 
Laue-Langevin in Grenoble, France, with incident neutrons 
ofa wavelength of2.516 A. The samples of about 10 g each 
were enclosed in vanadium containers and fitted to a vari-
able temperature cryostat. Powder patterns with scattering 
angles 28 from 20 to 100 deg were taken well above and 

below the Curie temperatures T c' The intensity of some se-
lected ferromagnetic Bragg reflections was followed through 
the magnetic phase transition. Figure 1 shows the diffracted 
neutron intensity of ErMg2 in the magnetically ordered 
phase (T = 3.7 K) and in the paramagnetic phase (T = 50 K), 
and the difference of the scattered intensities at the two tem-
peratures [1(3.7 K) - 1(50 K)]. Apart from three exceptions, 
all reflections above and below T c can be indexed on the 
basis of the hexagonal unit cell of the C14 Laves phases, 
indicating that the dimensions of the chemical and magnetic 
unit cell are the same. Three reflections (shaded areas in Fig. 
1) could not be assigned to the C 14 phase. They are due to the 
parasitic phase ErMg (cubic, CsCl type), which is formed in 
the peritectic reaction or in the peritectoid decomposition of 
the compound. These extra reflections were left out of con-
sideration in the following. The temperature dependence of 
the spontaneous magnetization shown in Fig. 2 was derived 
from the integrated intensities of the (100) and (101) reflec-
tions, which are of purely magnetic origin. 

As a second example of the diffraction results we show 
in Fig. 3 the difference pattern 1(2.4 K) - I( 130 K) of 
DyMg2• Again the magnetic contributions are superimposed 
on the nuclear Bragg reflections. The appearance of a ferro-
magnetic (002) reflection indicates that, in contrast to 
ErMg2' the direction of the magnetic moment does not coin-
cide with the unique or c axis. In this case, too, traces of the 
parasitic CsCI-type phase were observed. The temperature 
dependence of the spontaneous magnetization was obtained 
from the (100), (002), and (101) powder lines. The results are 
presented in Fig. 4. 

The diffraction experiments on the two cubic C15 com-
pounds NdMg2 and PrMg2 gave analogous results with ex-
clusively ferromagnetic contributions to the difference pow-
der patterns. In the diffraction pattern of the cubic com-
pounds, parasitic lines (due to CsCI-type compounds) similar 
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