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Pyrite- and shandite-type Co disulfides
are both mineral-related materials that can
be artificially synthesized. Pyrite-type fer-
romagnetic CoS2 (TC=120K) and its related
compounds have been the subject of the
intense research because of their variety
of interesting physical properties [1] to re-
veal their correlated electron nature. On the
other hand, few studies have been made
of shandite-type ferromagnetic Sn2Co3S2
(TC=177K) [2-4].

Recently, crystallographic and elec-
tronic structure effects in (Sn,In)2Co3S2
has been investigated by X-ray diffraction
(XRD) and local spin density approxima-
tion (LSDA) band calculations to discuss its
structural nature from the viewpoint of the
half antiperovskite (SnCo3/2S) [3]. How-
ever, electronic and magnetic properties of
Sn2Co3S2 has not been examined in detail
beyond LSDA and the electronic bonding
nature is not clear. In this paper, we re-
port the hitherto unknown magnetic and
electronic nature of shandite-type A2Co3S2
(A=Sn, In) as the strong correlated electron
system (SCES).

Polycrystalline A2Co3S2 (A=Sn, In) sam-
ples were carefully prepared by a solid
state reaction method in a evacuated quartz
tube [4]. Obtained samples were charac-
terized by powder XRD, powder neutron
diffraction (PND) by the high efficiency
and high resolution measurements (HER-
MES) [5], and Rietveld analysis using the
programs Rietan2000 and PRIMA [6]. The
electronic and magnetic nature were anal-
ysed by XPS spectro- and SQUID magneto-
meters, and the electronic structure of
Sn2Co3S2 was calculated by LSDA+U
method (the LMTART code [7]).

Figure 1 (top-left panel) displays Co
2p core-level XPS spectra of Sn2Co3S2 in

comparisson with those of reference com-
pounds [8-10]. One can see that each of
spin-orbit components (2p3/2 and 2p1/2
peaks) indeed shows a strong satellite
feature at higher binding energy side of
the main peak. Co 2p XPS spectrum of
Sn2Co3S2 exhibits a complicated feature,
and it can be considered as the spectrum
with two shape components by XPS peak
shape analysis. In the top-left panel of
Fig.1, the solid curve (a) is the total esti-
mated spectrum with two shape compo-
nents (curves (b) and (c)), demonstrating
the very good agreement between experi-
mental and calculated spectra of Sn2Co3S2.
The shape of component (b) is similar to
main peak shapes of Co and TlCo2S2; the
shape of component (c) resembles the satel-
lite shape of TlCo2S2, and is quite simi-
lar to that of strongly correlated Co com-
pound K2CoF4. These feature might con-
tain some information on the Co-Sn/Co-
S bonding nature and the electron correla-
tion in Sn2Co3S2. Thus, the effects of metal-
lic Co-Sn and inoic/covalent Co-S bond-
ings are considered to be seen as the com-
plicated feature in the Co 2p XPS spec-
tra. This is indeed similar to the situa-
tion in ThCr2Si2-type TlCo2S2 indicating
that the effect of Co-S bonding is seen as
satellite structures in the Co 2p XPS spec-
tra [10]. We therefore analyzed the spec-
trum by the configuration interaction clus-
ter model [8] to estimate the on-site d-d
Coulomb repulsion energy U=4 eV, indicat-
ing that the electronic nature of the Co3S2
units in Sn2Co3S2 belongs to SCES.

The bond-valence-sum (BVS) calculation
[11] was carried out to evaluate the va-
lence state of the Co ions (formal charge of
Co is 1.14) indicating that Co atoms have
mixed valence; the ratio (Coˆ{0+}:Coˆ{2+})
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is roughly 1:2. The mixed valence like com-
plicated feature of Co 2p XPS spectrum of
Sn2Co3S2 would be explained by two dif-
ferent metallic Co-Sn and ionic/covalent
Co-S bondings. Figure 1 (bottom panel) dis-
palys electron-density maps obtained by
maximum entropy method (MEM)-based
whole pattern fitting and LSDA+U calcu-
lation to suggest the layered structural na-
ture and reveal that electron density at the
saddle point in Co-S bond is indeed three
times larger than those of Co-Sn bonds,
indicating the difference of Co-Sn/Co-S
bonding nature and supporting the BVS re-
sult.

Finally, we would like to comment the
electronic nature of (Sn,In)2Co3S2 in which
TC is gradually decreased with x to be
zero at x=1. Fig.1 (top-right panel) shows
magnetic susceptibilities and electrical re-
sistivities of (Sn,In)2Co3S2. Interestingly,
Rietveld refinement of XRD and PND in-
dicates that Sn atoms on the Sn1(3a) site
are regioselectively substituted by In atoms
for Sn2Co3S2. Furthermore, the ferromag-
netic metal to pseudo-gap semiconductor
transition is indeed observed at x=1 in
(Sn,In)2Co3S2. Further experimental and
theoretical studies of the spin, charge and
orbital degrees of freedom for Sn2Co3S2 as
SCES would be of great interest, and the so-
called chemical tuning research is now in
progress.
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Fig. 1. (Top) Co 2p XPS spectra, magnetic suscepti-
bilities, electrical resistivities, and (bottom) electron-
density maps in (100) and (110) planes of Sn2Co3S2.


