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Abstract
In this paper, high-pressure data from a synchrotron X-ray diffraction study on a lillianite (Pb3Bi2S6) 

single crystal up to ~21 GPa are presented. A phase transition from lillianite (space group Bbmm, LP 
lillianite) to the high-pressure form β-Pb3Bi2S6 (space group Pbnm, HP lillianite) was confirmed and 
bracketed between 4.90 and 4.92 GPa. The transition is reversible but of first-order with a hysteresis of 
~2.8 GPa. It showed weak effects of pseudo-merohedral twinning that disappeared upon decompres-
sion, testifying to a full recovery of the single crystal of lillianite. This makes lillianite an interesting 
shape-memory material.

With a bulk modulus K4.9 = 78(3) GPa and K′ = 5.1(4), β-Pb3Bi2S6 is markedly less compressible 
than lillianite [K0 = 44(2) GPa, K′ = 7(1)]. Compressional anisotropy increases markedly in β-Pb3Bi2S6 
with compressibility along the b axis [M0b = 130(6) GPa and M′b = 19(3) in lillianite, M4.9b = 145(4) GPa  
and M′b  = 16.0(7) in β-Pb3Bi2S6] significantly larger than that along the other two axes [M0a = 118(5) 
GPa, M′a = 21(3), M0c = 139(12) GPa, and M′c = 31(10) in lillianite, M4.9a = 242(12) GPa, M′a = 8(1), 
M4.9c = 242(5) GPa, and M′c = 29(1) in β-Pb3Bi2S6].

The behavior of lillianite at high pressure is an interesting case study in relation to non-quenchable 
ultrahigh-pressure phases likely occurring in the inner Earth, like post-perovskite MgSiO3, the oxide 
homologue N = 1 of the lillianite series. The β-Pb3Bi2S6 structure, on the other hand, is the N = 3 
homologue of the meneghinite series to which the higher-pressure modification of the post-perovskite 
structure also belongs (homologue N = 1). This makes the two forms of Pb3Bi2S6 potential equivalents 
of high- and ultrahigh-pressure Mg silicates that could occur both in the deep earth and in other rocky 
extrasolar planetary bodies.
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Introduction
During the last decades, the crystal structure and stability of 

main-group heavy metal chalcogenides have attracted consider-
able interest from the scientific community as likely candidates for 
renewable energy applications (Olvera et al. 2015 and references 
therein). In particular, sulfosalts have been claimed as promising 
materials able to absorb sunlight more efficiently than silicon 
(Wallace et al. 2017) while avoiding the toxicity issues found with 
the lead- and tin-halide perovskite (Kanno et al. 2019) in the thin-
film solar cells technology. Sulfosalts are complex sulfides of As, 
Sb, and Bi with one or more metal cations. Because of the pres-
ence of the s2 lone electron pair (LEP) of the trivalent metalloids, 
together with the nature of the metalloids-sulfur bond, sulfosalts 
have specific semiconducting properties (Olsen et al. 2008).

Some of the sulfosalts investigated at high pressure showed 
interesting pressure-induced structural phase transitions, e.g., 
heyrovskyite Pb6Bi2S9 (Olsen et al. 2011) and chalcostibite CuSbS2 
(Comodi et al. 2018). Pressure appears to be an important param-
eter, which could be used to either tune or significantly change the  

transport and structural properties of these thermoelectric materials.
The crystal structure of lillianite (Takagi and Takéuchi 1972; 

Fig. 1a) consists of (010) slabs that have the internal topology of 
a NaCl(PbS)-type. The boundary of slabs is cut along the {311} 
planes of the PbS archetype. The neighboring slabs are in a twin 
relation relative to their boundary. The structure is characterized 
by two relatively long periods (along b axis perpendicular to slabs, 
and along a axis corresponding to [2 3 3] direction of the PbS ar-
chetype, respectively) and one short period along c axis matching 
the [011] direction of the PbS archetype. The symmetry elements 
of the PbS archetype that remain parallel in both orientations of 
slabs are the twofold axes along the [011]PbS and the mirror planes 
perpendicular to them, that is, the c axis and the (001) plane in 
the lillianite structure, respectively. The structure contains three 
distinct metal sites, M1, M2, and M3, as shown in Figure 1a. Based 
on the bond distances, M3 site is fully occupied by Pb, whereas 
M1 and M2 sites have a mixed (Pb,Bi) occupancy with a likely 
preference for Bi in M1 and for Pb in M2 (Pinto et al. 2006). Due 
to their similar and high atomic numbers, it is not possible to refine 
the amounts of Bi and Pb in the mixed sites from X-ray diffraction 
data. Therefore, various authors used a fixed 1:1 occupancy of 
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