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A spectacular pressure-induced
electronic transition in KTb(MoOQOy)2
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Results of pressure Raman and optical absorption
studies are reported for KTb(MoQO,),. A phase trans-
formation occurs at 27 kbar when the crystal is
pressurized at ambient temperature, in a hydrostatic
pressure medium. The sample changes to a deep
yellow colour at the transition and visibly contracts
in the a-axis direction. The colour shifts red on
further pressure increase. The Raman spectral fea-
tures and the X-ray powder pattern change abruptly
at the traamsition indicating a structural change. The
colour change is attributed to 4f-5d transition in Tb
initiated by the structural transition, and consequent
intervalence charge transfer between Tb and Mo.

THE alkali-rare earth dimolybdates MLn(MoQ,), have a
rich crystal chemistry', and among them the series
involving potassium and heavy rare earths crystallize in
a layer-type structure, with orthorhombic symmetry
D;: (ref. 2). In KTb(MoO,), the layers consist of
Tb(MoO,), groups, while the K ions link the ditferent
layers. We thought that application of high pressure
might force the system into new structural arrangements,
in view of our earlier studies on molybdate systems>*.
In fulfilment of this expectation, we find a novel
reversible pressure-induced first-order phase transition
at 27 kbar hydrostatic pressure, in which, surprisingly,
the colour of the sample turns bright yellow. While the
pressure-induced structural transition is found to be a
common behaviour for the layered-type KLn(MoO,),
systems, the colour change is unique to KTb(MoO,),.
We propose that the colour change ts due to 4f{-5d
charge transfer in Tb, leading to the intervalence charge
transfer from Tb*Mo® — Tb*Mo™*.

High pressure Raman scattering measurements were
carried out to 200 kbar on single crystal samples of
KTb(Mo0Q,), (KTMO) in the gasketed diamond anvil
cell, with 4 : 1 methanol/ethanol mixture as the pressure
medium. In some experiments KTMO powder was pres-
surized directly in the diamond cell up to 350 kbar
without any external pressure medium. The pressure was
calibrated by the standard ruby fluorescence technique.
Optical observations of pressurized samples were made
under a microscope.

In Figure 1, the Raman spectra of KTMQO taken in
the diamond ceil at 10 and 32 kbars are shown. The
Raman peaks in the 10 kbar spectrum belong to the
normal layered D,? (Pbcn) phase. The spectrum at 32 kbar
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1s completely different, indicating a pressure-induced
phase transition. Actually the transition occurs abruptly
near 27 kbars, which becomes directly evident in optical
observations of the sampie. The sample abruptly changes
colour from colourless to a deep yellow colour, and
contracts in the a-axis direction. The appearance of the
sample before and after this phase transition is shown
in Figure 2. The original crystallographic axes of the
orthorhombic phase are marked. The dimensional con-
traction of the a-axis can be seen by comparing the
sizes of the samples 1n Figure 2, which were taken at
the same magnification. The bottom picture in Figure
2 is a photomicrograph of a directly pressurized powdered
KTMO sample in the diamond cell, at a pressure of
350 kbars. The differences 1n colour are due to the
pressure gradient over the sample area. With increasing
pressure the yellow colour shifts towards longer
wavelengths in the high pressure phase, because of the
shift of the absorption band. The Raman spectral features
remain more or less the same up to the highest pressure
studied, except that the Raman peaks shift to higher
frequency. In Figure 3 we show a plot of the Raman
peak frequency as a function of pressure. The phase
transition is clearly seen from the discontinuous changes
in the Raman spectrum.

The Raman peaks of the ambient pressure phase of
KTMO can be assigned from the Raman spectrum of
the isostructural KY(MoO,),, which has been studied
and analysed in great detail using group theoretical
techniques’. However, the spectrum of the new high
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Figure I. Raman spectra recorded with a single crystal sample a
10 kbar (norma} phase) and 32 kbar (high pressure phase) using :
diamond anvil cell with methanol/ethanol as pressure medium. The
$14.5 nm line of the argon laser was used for Raman excitation al

power levels of 30-60 milliwatts.
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