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Report:
Aperiodic crystals are long range ordered structure lacking lattice translation. They are generally classified

in three categories: incommensurately modulated phases, incommensurate composites and quasicrystals. Their
structure is now well understood and best described using the superspace approach [1].

The long-range aperiodic order brings in new modes in the excitation spectrum named phasons modes. They
are related to the degree of freedom resulting from the high dimensional space description. Phason modes have
been predicted to be diffuse excitations in the long wavelength limit and have been observed as damped phonon
modes in a few incommensurately modulated phases and as purely diffusive excitations in quasicrystals [1; 2].

The existence of phason modes and their characterisation in incommensurate composites remains
controversial, and we propose to carry out a detailed lattice dynamics study in a well-characterised
incommensurate composite crystal. Two sublattices, whose period is incommensurate, and that might interact
with each other, characterise composites. We have chosen the Sr1+xTiS3 system. The TiS3 network forms host
channels in which the guest Sr atoms are located [3]. The two sublattices have strong interactions leading to an
inter-modulation and characteristic satellites reflections. In this case the diffraction pattern is characterised by
the common a and b lattice parameter and the cl and c2 parameter of the host and of the guest respectively
(c1/c2 is an irrational number). Four indices h, k m1, m2 are thus necessary for indexing the diffraction pattern.
Bragg peak with indices of the form (h k m1 0) are related to the host lattice, with (h k 0 m2) to the guest lattice,
and when the four indices are non zero, this corresponds to the so called satellite reflections.

Phason modes in the case of composites, correspond to the relative ‘sliding’ of the two sublattices (the phase
of the modulation can vary continuously) and are sometime refer to as sliding modes. Few theoretical predictions
are available (see for instance [4; 5]).

New single crystals in the form of needles a few hundred mm in length and with a diameter of the order 50
mm have been grown in the crystallography laboratory, University of Bayreuth, by the group of Sander van
Smaalen. They have been characterised by x-ray diffraction on the ID28 side station, with strong satellites visible



and a small amount of diffuse scattering. Their quality matches the previous samples, but their size are about 20
times bigger. They have been mounted inside a quartz capillary for temperature studies up to 900 K.

Severall samples have been tested in the temperature range from RT to 600°C. A clear transformations occurs
above 300°C, with most eof the weak satellites vanishing. However the different anisotropy of the diffuse
scattering is still preserved at high temperature and does not seems to change as illustrated in the Figure 1. When
cooling down the sample we oberved some extra peaks together with the initial RT state. Heating up to 400°C
results in a fully revesible transition.
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Figure 1 : Evolution of the Bragg and diffuse scattering in the the Sr(1+x)TiS3 phase. Most of he weak
incommensurate satellites have disapperaed at 400°C

The same sample has then been mounted on the ID28 inelastic scattering spectrometer. Reference
measurements have been carried out at RT. Following carefully the intensity distribution untill the weak satellite
disapeared, measurement where carried out again at 300°C. We have not observed any significant differences
between the two températures . It has to be noticed however that a low energy mode at about 3-4 meev seems
to be present at both T.

Figure 2 : comparison of the
g st k = signal measured at RT (left)
h i and 300°C (right). The lo
{ i It energy excitation is still present.
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