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ABSTRACT

The crystal structure of the rare mineral janchevite was solved using intensity data collected from a
twinned crystal from the Kombat mine in Namibia. This study revealed that, despite the strong tetrago-
nal subcell, the structure is triclinic (space groupP1̄) with a = 8.8382(7), b = 8.8567(7), c = 11.7103(17)
Å, α = 103.385(10), β = 94.192(10), γ = 90.294(6)°, V = 889.13(16) Å3, and Z = 2. Chemical data indi-
cate the presence of Mo, As, and Si, besides Pb, Cl, O, and V. The refinement of an anisotropic model,
which takes into account a two-domain non-merohedral twinning (twinning matrix |1̄00=01̄0=⅕⅗ 1|),
led to an R = 0.0522 for 6037 independent observed reflections [2σ(I) level] and 165 parameters and
an R = 0.0964 for all 11 701 independent reflections. The structure consists of PbO litharge sheets
alternating with a layer of Cl− anions in a 2:1 ratio. The incorporation of high-charge cations
(V5�, Mo6�, As5�, Si4�) into the litharge sheet involves the formation of square cavities where
MoO5 square pyramids and (Si,As,V)O4 tetrahedra are hosted. On the basis of information gained from
the chemical, structural, and spectroscopic characterization, the crystal chemical formula was revised to
Pb9VO10.25□0.75Cl2.5 (Z = 2). The presence of additional apical O atoms between Pb layers influences
the interlayer thickness, as evidenced by the linear correlation between the interlayer oxygen content
and the type of structural defects. A correct comprehension of short- and long-range order is crucial
to understanding and predicting the functional properties of this family of materials.
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INTRODUCTION

Layered lead oxychlorides (hereafter LLO) represent a fasci-
nating class of materials that have garnered significant attention
in the realm of solid-state chemistry and materials science
(e.g., Kusainova et al. 2001; Shan et al. 2009; Salje 2015; Hirai
2024). These compounds are characterized by a structure ideally
composed of litharge blocks, made of neutral layers of edge-
sharing OPb4 tetrahedra alternated with sheets of Cl− ions.
The electroneutrality is usually reached through deviations from
the ideal topology through the removal of OPb4 groups, often
associated with the insertion of anionic groups containing
several cations such asMo6�, W6�, V5�, As3�/5�, I3�/5�, Si4�,
B3�, Sb3�, and Bi3� (e.g., Siidra et al. 2008; Chukanov et al.
2019). Moreover, substitution of OH− for O2− in the PbO layer
or insertion of Pb2� in the chloride sheet may occur with the for-
mation of square planar PbCl4 groups. The resulting cavities,
exhibiting different sizes and shapes, may be ordered, giving rise
to several superstructures deviating from the tetragonal basic
structure (I4/mmm) (e.g., Chukanov et al. 2019; Siidra et al.
2012). In many cases, the presence of superstructures has been
observed by electron diffraction alone, so that scarce structural

information about the incorporated groups is available (Welch
et al. 1996; Welch 2004; Bindi et al. 2008).

In the context of a project aimed at improving our knowledge
of the structural features of some minerals of the LLO family,
we report a study focused on the mineral janchevite, ideally
Pb7V5�(O8.5□0.5)Cl2 (Chukanov et al. 2018), an oxygen-
deficient, V-analog of parkinsonite, ideally Pb7MoO9Cl2
(Symes et al. 1994; Lepore and Welch 2010).

According to Chukanov et al. (2018), the tetragonal average
janchevite structure can be described as a 2:1 alternation of Pb-O
blocks and sheets of Cl− ions. V and other substituent cations
(Mo and minor amounts of Si) are supposed to randomly replace
Pb in the litharge block. To investigate the crystal-chemical
environment of V, Mo, and other substituents and their possible
ordering schemes in the structure of janchevite, we have con-
ducted a chemical, structural, and spectroscopic study on a sam-
ple from the type-locality, Kombat mine, Namibia (sample
3740/I, Museo di Storia Naturale, Università di Firenze, Italy).
The results are presented here.

EXPERIMENTAL METHODS

Electron probe microanalysis
Four janchevite crystals were embedded in epoxy resin, polished with dia-

mond paste down to 0.25 μm, and then coated with a ∼28 nm thick graphite layer.
Chemical analysis was carried out using a JEOL-JXA-8230 electron microprobe
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