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Transition-metal (TM)-based van der Waals (vdW) materials (“2D — materials”) recently
received particular attention due to their tunable magnetic properties arising from unpaired
magnetic moments due to the partially filled d-shells of the TM ions. The subclass of TM
phosphorous trisulfides (TMPS3) has attracted significant interest due to its wide range of TM
elements, resulting in diverse properties [1]. The structure of TMPS3 is defined by its vdW
nature. Layers exhibit the monoclinic crystal structure, space group 3 C2/m, and are only
bound by weak vdW forces [2], which allows for easy exfoliation and leads to 2D-like
properties being observable in 3D crystals.

In this study, transmission electron microscopy (TEM), energy dispersive X-ray spectroscopy
(EDX), electron energy loss spectroscopy (EELS), and continuous rotation electron diffraction
(cRED) have been combined to study the cation-mixed (Fe,Mn,Ni)PS3 van der Waals single
crystals with different Fe, Mn, and Ni concentrations produced in a bulk state by chemical
vapor transport (CVT) [3].

The high-resolution (HR) TEM image (a) shows the cross-section of a (Fe,Mn,Ni)PS3 single
crystalline sample, prepared by Cryo-Ultramicrotome. An amorphous oxide layer formed on
the edge of the sample is highlighted with a yellow dashed line. It has a thickness of 5 nm.
The magnified HRTEM image (b) shows the layered structure with a layer distance of 0.65 +
0.02 nm. Bright spots (atomic columns) correspond to S and P. The darker lines are the planes
of TM ions. Ultrasonically exfoliated layers are shown on TEM image (c) on which selected
area electron diffraction (SAED) (d) and EDX mapping (e) have been performed. The lattice
parameters a = 0.647 nm, b =1.072 nm, ¢ =0.698 nm, a =y =90° and 3 = 111.22° were
estimated from the SAED pattern and slightly deviate from earlier reported FePS3, MnPS3
and NiPS3 mono-compounds [4,5].
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