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Left: Ternary phase diagram along Cr3Sb-V3Sb. Mid: Observed crystal structure as Cr3Si-type for Cr3-xVxSb.

Right: Temperature-resolved in-situ XRD pattern of a film sample with a Cr:V:Sb-ratio of 2:1:1.

New, Sb-rich phase CrSb3

The synthesis of crystalline metastable compounds can be achieved by forming an amorphous

intermediate phase at low temperatures. [1] Due to very low diffusion coefficients of the elements at

low temperatures the experiments are performed using thin films as modulated elemental reactants

(repeating unit thickness < 5 nm). Applying the thin film approach new, crystalline metastable phases

Cr3Sb [2] and Cr1.6Sb [3] were synthetized.

Our research activities indicate the existence of CrSb3 as a new metastable compound. [4] Current

investigations include the substitution of Cr-Sb compounds by V, Cu and Te as well as epitaxial

growth on suitable substrates to synthesize metastable phases.

Left: Crystallization of metastable Cr1.6Sb from amorphous multilayered film and decomposition into thermodynamic

stable CrSb and elemental Cr. Right: Interdiffusion and crystallization behavior of Cr-rich multilayered films.

Reaction of multilayered films

Substitution: Cr3-xVxSb (Cr3Si-type)

Stability of different CrSb3-phases

Left: Total energies for CrSb3 assuming different crystal structures and different magnetic behavior. Right: Possible

crystal structures for CrSb3, e.g. Skutterudite-type like CoSb3 (Im3, mid) or LaCrSb3-like structure (Pbcm, right).
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Left: (Cr/Sb) multilayered films with different Sb-layers to determine the Cr-layer. Right: Interdiffusion and

crystallization behavior of Sb-rich films: Complete interdiffusion of the elements before crystallization (bottom), minor

interdiffusion and crystallization of CrSb2 and Sb at the interface of the elemental layers (mid) and partial interdiffusion

before crystallization of CrSb2 and Sb (top).
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Left: Temperature-resolved in-situ X-ray diffraction investigation of a film with a nominal (Cr/Sb) repeating unit of 7 Å

and 75 at-% Sb. Right: Image from transmission electron microscopy (cross-section) of a sample after annealing at

130 ÁC including a calculated electron diffraction pattern (FFT, right-bottom).

Left: Density of states (DOS) for CrSb3 as cubic phase. Right: DOS assuming orthorhombic LaCrSb3-like structure.

Computational investigations on the phase diagram of Cr-Sb were completed in order to identify

possible metastable phases. Therefore compositions and crystal structures from different binary

systems are relevant, e.g. Co-Sb, Ni-Bi or Cr-Te.

These theoretical investigations focus on magnetic properties and the electronic structure. The

calculations are based on the density functional theory with respect to the stability of Cr-Sb

compounds assuming different crystal structures. A relaxation of the structure to minimize the total

energy is done by the VASP software packet. [5] The ñMünchner KKRòpacket [6] uses the CPA

theory to consider disordered alloys.
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Left: Crystallization of metastable Cr3Sb and thermodynamic stable CrSb from an amorphous intermediate phase.

Right: Interdiffusion and crystallization behavior of a multilayered film with a Cr:Sb-ratio of 3:1.
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