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Report:

In this project we intended to study the layered ruthenate system Ca,.,Sr,RuO4. The system
shows a remarkable range of physical properties dependent on the doping level, with the end
member Sr,RuQ, exhibiting p wave superconductivity below 2 K and is the only known
superconductor isostructural to the cuprates*. The substitution of Ca for Sr drastically changes
the properties of the system and the other end member Ca,RuQ, is a Mott Insulator.

In this study we intended to use high energy x-ray scattering studies to firstly investigate the
doping regions 0 < x < 0.15 where the system displays a metal - insulator transition with a huge
change in resistivity and a significant change in the structure of the lattice. Secondly, the x = 0.2
and x = 0.5 samples would be studied, at these doping levels there are significant changes in the
properties of the ruthenate system system , x = 0.2 the system enters a metal magnetic state and
no longer displays the metal-insulator transition, and at x = 0.5 there is a change to a
paramagnetic state and the magnetic susceptibility has been observed to maximise. Neutron
diffraction studied have reported a structurally forbidden reflection that is associated with the x =
0.5 and x =0.2 samples’. We intended to study the lattice distortions at a number of doping
levels to see how they are related to the system physical properties.

The crystal were studied at station ID15A using x-rays with an energy of 100 keV. Two silicon
(113) crystals were used as the monochromator and analyser to provide high resolution triple
axis measurements. The crystals were mounted with the <100> direction normal to the
scattering vector and the <001> direction down the beam. The crystals were of a very high
quality with a rocking curve width of 0.01°.



The crystals in the doping region x < 0.15 undergo a huge change in size of the unit cell and as a

result need to be cooled at a rate of 1 K per minute, otherwise the crystal will shatter. Even with
this process it is not always possible to get through the transition and during the experiment the
sample shattered so we were unable to obtain any results from the doping range 0 < x < 0.15
even by utilising a cooling rate two times slower that recommended in the literature.
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Figure 1 Integrated intensity of the (3, 0, 4) reflection in
the x = 0.2 doped sample

Figure 2 Integrated intensity of the (3, 0, 4) reflection in
the x = 0.5 doped sample

We studied the x = 0.2 and x = 0.5 samples and found the structurally forbidden reflection (3, 0,
4) associated with the tilt and rotation of the octahedra around the Ru ions. In the x = 0.2 sample
this reflection was found to be very strong and as correlated as the lattice, and it was observable
up to tempeartures over 300 K and the temperature dependence is shown in Figure 1. The peak
broadened as it weakened and it underwent a 2™ order transition above 300 K. In the x = 0.5 the
(3, 0, 4) reflection was 2 orders of magnitude weaker and it was much broader and hence, less
correlated than the lattice and the temperature dependence is shown in Figure 2. It was found to
be 2 dimensional in nature with it being relatively poorly correlated between planes. On heating
it showed a 2™ order transition and broadened and became less correlated as it approached the
transition temperature of 190 K. Due to the superior intensity of IDI5SA we were able to observe
it up to 190 K where previous studies neutron could only observe it up to 65 K due to having less
available intensity. What we concluded from this is that the x = 0.5 structure is much less
distorted than the x = 0.2 and the distortion is only present in low temperatures in the x = 0.5
sample and there is as yet undetermined relationship between this distortion and the physical and
magnetic properties of the sample.

Overall, the results on the x = 0.2 and x = 0.5 samples shows there is a link between the rotation
and tilt of the octahedra and the physical properties shown by the system and it is hoped
combing these results with additional transport measurements will explain the link between the
forbidden reflections and the physical properties.

1 S. Nakatsuji and Y. Maeno, Physical Review Letters 84, 2666 (2000).

2 G. Cao, S. McCall, M. Shepard, ef al., Physical Review B 56, R2916 (1997)
3 O. Friedt, M. Braden, G. Andre, et al., Physical Review B 6317, 4432 (2001)



