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This dissertation contains twvo sections. The
first deals wvith uniaxial stress effects on K25e04.
This material is known to undergo a structural phase
change at 129K to an incommensurately modulated
structure. We have studied this transition wvith the
techniques of optical birefringence and Brillouin
scattering under uniaxial stress. In the birefringence
experiment ve have measured the dependence of the
transition temperature on stress for all three unique
axes. In the Brillouin scattering experiment, ve have
demonstrated that at the phase transition, certain of
the third-order elastic constants shov anomalous
behavior vhich is possibly related to the anharmonic

properties of the lattice.
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In the second part is a theoretical simulation of
the AZBX4 layered perovskite-like compounds. In
particular Rb2CaCI4 vas examined. This family of
compounds may be thought of as being constructed from
normal perovskite unit cells only vith a different
stacking arrangement. In recent months, this
structural family has become extremely important since
it. is the parent structure from vhich the nev class of
high temperature superconductors comes from. The
simulation was done using ab initio potentials with no
adjustable parameters. our calculations shov a
specific heat anomaly at 400K vhich corresponds to an
observed pseudo-rotation of the CaCl6 octahedral group.
This rotation is similar to the structural phase

transitions observed in the perovskite structure

'family. We also postulate a dynamically disordered

high temperature structure for this compound. Finally,
ve compare our results for RbZCaCI4 to similar

structural studies on LaZCu04.
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CHAPTER 1

KZSeO4 is a member of a class of crystals vhich in
some temperature range are isomorphous to ﬁ-KZSO4.
This compound exhibits a rich and interesting variety
of phases (see Fig. 1). The highest temperature phase,

vhich exists betveen melting and '745Kl has hexagonal

symmetry and belongs to the space group P63/mmcz.
Between the temperatures of 745K and 129K3 the crystal
is in the orthorhombic B'K2504 structure vith symmetry

Pnam4 ({c<a<b). From 129K down to 93K, K, SeO exhibits

2 4
a structurally incommensurate phase5 where the lattice

is modulated by the wvave vector:
- *
Qg = (2v(1-&8)/3a , 0 , 0)

The modulation parameter & decreases vwith temperature
through this phase and goes to zero discontinuously at

93K. At this temperature, the structure assumes the
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Pna21 symmetry and becomes ferroelectric wvwith the
sﬁontaneous electrical polarization aloné the c¢ axis.
There 1is specific heat evidence for another structural
phase transition at 56K6, however no structural data

for this phase is available.

The feature that makes KZSeO4 particularly
interesting 1is its broad, relatively lov temperature,
incommensurate phase. The transition from the room
temperature structure to this phase is driven by the
softening or condensing of a 82 symnetry optical
phonon. Among the members of this group of crystals,

KZSeO4 is particularly wvell suited for studies of the

incommensurate phase and as such has received much
7,8,9

attention . The reason for this is the relatively
lowv incommensurate transition temperature of KZSeO4
(129K vs. 306K for Rb22n014 for example). The lover

transition temperature means that there vill be much
less thermal broadening of the Raman and Brillouin

lines and they can be observed with greater precision.

There has been some work done on KZSeO4 as a

function of hydrostatic pressurelo'll'12 and to a

lesser extent, under uniaxial stressla’l4'15. One fact

that emerges from this body of work 1is that the
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transition temperatures (at 1least the normal to
incommensurate and the incommensurate to.ferroelectric)
change wwith pressure or stress. In the case of
hydrostatic pressure, this result can be viewed in the
most elementary terms, by considering the change in
internal energy at the transition temperature due to

the structure change. If we call this energy change

AU, we can vwrite it as:
AU = PAV + Tias

The change in internal energy &U associated wvith the
structural change 1is only a function of the ionic
positions, it is therefore independent of P and T and

vill be the same regardless of vhat temperature and

pressure the phase transition occurs at. Similar
statements can be made about 4V and OS. It 1is
therefore obvious that as P 1increases, T1 must
decrease. The case of uniaxial stress 1s not as

simple. Under uniaxial stress, the crystal has much
more freedom to deform and dissipate energy in
processes that are not associated with the phase
transition. Unfortunately, there has been no complete
uniaxial stress study of either phase transition. In

the same vein this suggests that the elastic properties
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