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Crystallographic and Magnetic Properties of FeGa2S4
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FeGa2S4 has been fabricated and studied by using X-ray, M�ossbauer and magnetic measure-
ments. FeGa2S4 has a trigonal crystal structure (space group P3(-)m1), with lattice constants
of a0 = 3.669 �A and c0 = 12.096 �A, respectively. The cation and the anion parameters are
determined to be Fe(0,0,1/2), Ga(1/3,2/3,0.208), S1(1/3,2/3,0.863) and S2(1/3,2/3,0.390) by using
the Rietveld re�nement. The sample is a semiconductor and shows an antiferromagnetic behavior.
The M�ossbauer spectra show a severely distorted 8-line shape, which indicates a large electric
quadrupole contribution at low temperature. Magnetic hyper�ne �eld and electric quadrupole
interactions at 4.2 K have been analyzed, yielding the following results: Hhf = 129.9 kOe, �EQ =
2.20 mm/s, � = 65�, ' = 0�, � = 0.5 and R = 2.50, where � and ' are the polar and the azimuthal
angles, respectively, � is the asymmetric parameter and R is the ratio of the electric quadrupole
interaction to the magnetic dipole interaction.

PACS numbers: 75.25.+z, 75.30.Kz, 76.60.Gv, 76.90.+d
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I. INTRODUCTION

The chalcogenide compounds of AGa2S4 (A = Ni, Fe)
are intriguing and show geometrical frustration related
to quantum 
uctuations, spin-freezing and high degen-
eracy at low temperatures. Especially, AGa2S4 (A =
Ni, Fe) with a triangular lattice shows a spin-disordered
state of a Kagome-related antiferromagnet and there are
only a few materials showing such a phenomenon [1{6].
The net spin of polycrystalline Ni1�xZnxGa2S4 with the
nonmagnetic impurity Zn substituted gives lower spin
values than does NiGa2S4, because Zn ions induce a \de-
fect" component. Meanwhile, FeGa2S4 with magnetic
ions of Fe substituted gives a high spin of S = 2; hence
it may cause a Jahn-Teller distortion, which means that
distinct magnetic characteristics can be revealed by sub-
stituting into A-sites, because of the nonzero quadrupole
moment, even though no periodic spin ordering has been
observed in powder neutron scattering [1{3]. Although
the electric quadrupole moment of FeGa2S4 above 77 K,
as obtained by using M�ossbauer spectra were reported
two decades ago [6], studies on the magnetic proper-
ties of FeGa2S4 to obtain more conclusive information
on the spin-frustration e�ect have continued [2]. In this
paper, we describe the crystallographic and the magnetic
properties of FeGa2S4 by using an X-ray di�ractometer
(XRD), a superconducting quantum interference device
(SQUID) and M�ossbauer spectroscope.
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II. EXPERIMENTS AND DISCUSSION

The polycrystalline sample of FeGa2S4 was synthe-
sized in an evacuated, 10�6 Torr, quartz tube by using a
standard solid-state synthesis method. The sample was
heated at 1000 �C for 72 h and slowly cooled to room
temperature at a rate of 0.2 �C/min for ten days. The
sample was pressed into pellets, re-sealed in a quartz
tube and annealed at 1000 �C, resulting in single-phase
FeGa2S4. The identi�cation of the crystal structure was
carried out using XRD with CuK radiation. The magne-
tization was measured with a SQUID and the M�ossbauer
spectra were recorded using a conventional spectrometer
of the electromechanical type with a 57Co source in a
rhodium matrix.

III. CONCLUSION

Figure 1 shows the X-ray di�raction pattern of
FeGa2S4 at room temperature. The crystalline structure
of FeGa2S4 was determined to be trigonal (space group
P-3m1) by using a Rietveld re�nement. The Bragg fac-
tor RB and the structure factor RF for the sample were
8.77 % and 11.8 %, respectively. The lattice constants
were a0 = 3.670 �A and c0 = 12.094 �A at room tempera-
ture. By comparing to NiGa2S4 with a0 = 3.625 �A and
c0 = 11.996 �A, one can notice that the lattice constant
increases with the iron concentration [7].
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