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The magnetization of the Ce3Se 4 , Pr3S4, and Nd3S4 chalcogenides is investigated in a pulsed magnetic 
field with an amplitude of 230 kOe and at temperatures of 4.2 or 1.6°K. Ferromagnetic ordering in 
fields stronger than 10 kOe is found in cerium and neodymium chalcogenides. The shape of the mag­
netization curves can be explained by taking into account the effect of the crystal field. 

AN example of a ferromagnetic compound Gd3Se 4 

(Tc = 82°K) with a structure of the Th3 P 4 type is known 
among the chalcogenides of the rare-earth elements. [1' 21 

We thought it interesting to carry out investigations of 
the magnetic properties of the chalcogenides of the rare­
earth elements cerium, praseodymium, and neodymium 
(of the Th3 P 4 type); this was reinforced by the fact that 
in investigating the monochalcogenides of these elements 
indirect indications of the possibility of the existence of 
ferromagnetic phases were obtained. lJJ The investiga­
ted compounds were prepared by means of direct reac­
tion between the elements. l41 X-ray analysis showed 
that compounds with the Th3 P 4 structure had formed. 

Measurements of the static magnetic susceptibility 
in fields up to 15 kOe in the 300-80°K temperature 
range carried out on a magnetic balancelsJ showed that 
the susceptibility of all the investigated compounds fol­
lows the Curie-Weiss law x = C/(T- e) (Fig. 1). In the 
Table we present experimental and theoretical values 
(calculated for a free rare- earth ion) of the effective 
magnetic moment neff> as well as values of the paramag­
netic Curie temperature ® and of the magnetic ordering 
temperature T c· The positive value of ® for Nd3S4 

attests to the possible presence of ferromagnetic order­
ing below 50-40°K. 

Investigations of the magnetization in pulsed fields 
up to 230 kOe at temperatures of 4.2 and 1.6°K were 
carried out by the induction method. lsJ The field was 
calibrated with the antiferromagnetic resonance signal 
in hematite at a wavelength of 8 mm at T = 77o K. Elec­
trolytically pure nickel [a(77°K) = 57.2 gauss-cm3/g] 
was used to calibrate the measuring system. The mag­
netic moment sensitivity of the system amounted to 
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FIG. I. Temperature dependence of the reciprocal of the magnetic 
susceptibility (per formula ReX1.33): I - Ce 3Se4 , 2 - Pr3S4 , 3 - Nd 3S4 . 
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0_.15 gauss-cm3 • The error in measuring the magnetiza­
tion did not exceed 5 percent. 

Figure 2 shows the magnetization curves at T = 4.2 
and 1. 6° K. It is seen (see also the Table) that Nd3S4 and 
Ce3Se4 have rather large spontaneous magnetic moments 
no and considerable differential susceptibilities Xd in the 
region of strong fields. The hysteresis loop obtained at 
T = 4.2°K (Fig. 3) for Nd3S4 attests to the fact that the 
compound is magnetically hard, the coercive force He 
= 8.35 kOe, and (BHlmax = 2 x 106 gauss-Oe. The value 
of the spontaneous magnetic moment at 1.6°K exceeds 
that at 4.2° K by 1 percent; this is in agreement with the 
rather high Tc ~ 50°K. In Ce3Se4 the hysteresis loop is 
considerably narrower and He < 1 kOe. However, the 
value of the spontaneous magnetic moment at 1.6°K ex­
ceeds its value at 4.2°K by 20 percent. The latter fact 
can be explained if one bears in mind the considerably 
lower temperature Tc ~lOoK compared with Nd3S4• It 
is characteristic that the spontaneous magnetic mo­
ments are considerably lower than the magnetic mo­
ments (gJJlB) calculated for the free ions Ce3 • and Nd3•; 

thus, instead of 2.14 JlB for Ce3 • and 3.28 11 8 for Nd3+ 

we have 0.67 and 1.27 JlB respectively. 
At the present stage of the investigation we are in­

clined to assume in the case of the neodymium and 
cerium chalcogenides the existence of ferromagnetic 
ordering in fields above 10 kOe. One can then explain 
the low spontaneous moments, as well as the course of 
the magnetization curves in the region of strong fields, 
if one takes into account the effect of the crystal field. 
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FIG. 2. Dependence of the magnetization of Re3X4 chalcogenides 
(calculated per Re 3• ion) on the magnetic field: 0, +- Ce3Se4 , o, •­
Pr3S4 , •- Nd 3S4 . Black points- T = 4.2°K, light points- T = 1.6°K. 

FIG. 3. Hysteresis loop for Nd 3S4 at T = 4.2°K. 
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Xd3S4 8.48 4Ji/2 3.62 3.35 40 50 1.27 1.33 27 

The values of n0 and Xd are given for T = 1.6°K. 

For Ce3• and Nd3+ which are located in a cubic crys­
tal field the lower energy levels are either A doublets 
(r 7 and r 6 respectively) or rs quartets. m The calcula­
ted values of the spontaneous magnetic moments 
(AIMIA) for the r 7(Ce3+) and r 6(Nd3+) levels[sJ are close 
to the experimental values (see the Table). The differ­
ential susceptibility observed for CegSe4 and Nd3S4 is 
explained within the framework of our model by the 
mixing of excited states. 

No spontaneous magnetic moment is observed for 
Pr3S4 ; we assume that this is connected with the ab­
sence of magnetic ordering at low temperatures. The 
latter can, for instance, be due to the fact that the low­
est energy level of Pr3• in the crystal field is a r 1 

singlet. In order to explain the course of the magnetiza­
tion curves, one must apparently take into account the 
polarization of the lowest energy level in the magnetic 
field. 

The obtained data allow one to hope that the Re3Xl 
chalcogenides with the Th3P 4 structure constitute a new 
and interesting class of ferromagnetic substances. 

In conclusion the authors express their gratitude to 
I. K. Kikoin, v. P. Zhuze, and G. A. Smolenskii:' for 
interest in the work. 
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