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Introduction

Ternary metal pnictides with a general formula RT,X,,
(R= lanthanide; 7= transition metal; X= pnicogen)
crystallize with a filled skutterudite-type structure. This
structure is cubic, space group Im-3, Z = 2. The filled
skutterudite compounds La7,P,, (T = Fe, Ru and Os) are
superconductors with the superconducting transition
temperatures (Tc's) = 4.1, 7.2 and 1.8 K [1, 2]. The bulk
modulus is also obtained from the volume vs. pressure
curve fitted by a Birch equation of state [3].

We have prepared a new filled skutterudite Y7,P (7=
Fe and Os) at high temperatures and high pressures, and
have found the superconducting transition at around 7 K
for YFeP, and 1.8K for YOs/P, [4, 5]. Using
synchrotron radiation, we have studied the powder x-ray
diffraction for filled skutterudites Y7,P,, (7= Fe and Os)
at room temperature and high pressures, and obtained the
bulk modulus of these skutterudites.

Experimental

Using a wedge-type cubic-anvil high-pressure
apparatus, YT,P,, (T= Fe and Os) were prepared at high
temperatures and high pressures. The powder x-ray
diffraction patterns of Y7,P, (T= Fe and Os) were
measured with a diamond-anvil cell (DAC) and the
imaging plate up to 10 GPa at room temperature. Incident
beam was monochromatized by Si(111) double crystal to
a wavelength of 0.6199 A. The x-ray beam was
collimated to 60 um in diameter. Pressure in the DAC
was determined from a pressure shift in the sharp R-line
fluorescence spectrum of ruby. A 4:1 methanol-ethanol
solution was used as pressure medium.

Results and Discussion

Figure 1 shows the relative cell volume (V/V,) vs.
pressure for YT,P,, (T= Fe and Os). The cell volume with
the skutterudite-type structure monotonically decreases
with increasing pressure up to 10 GPa. The compression
curve for both skutterudites is fitted by a Birch equation
of state. Bulk moduli of YFe,P, and YOs,P,, are 144 + 2
GPa and 189 + 4 GPa, respectively. Table 1 shows lattice
constant at ambient pressure, T, and bulk modulus for
LaT,P, (T = Fe, Ru and Os) and Y7T,P,, (T= Fe and Os).
The results show that the bulk modulus simply dependent
on the lattice constant. The bulk modulus of these
skutterudites increases with increasing lattice constant.
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Fig. 1 The relative cell volume (V/V) vs. pressure curves
for YFe,P, and YOs,P,,.

Table 1 Lattice constant, T, and bulk modulus for La7,P,,
(T =Fe, Ruand Os) and YT,P,, (T= Fe and Os).

Lattice Bulk
Compound constant (A) T.®) modulus (GPa)
YFe P, 7.789 7 144
YOs,P, 8.0615 3 189
LaFeP * 7.8316 4.1 150
LaRu/P * 8.0605 7.2 172
LaOs,P * 8.0844 1.8 190
* . Ref. [3]
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