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Potassium titanyl orthoarsenate KTiOAsO4 has been studied by Raman spectroscopy up to 16 GPa. Three first-
order pressure-induced phase transitions are inferred from Raman data. The first phase transition takes place 
at 3.2 GPa, as indicated by drastic spectral changes in all the internal modes of the TiO6 octahedra. The 
second phase transition occurs at 7.5 GPa with striking spectral changes in the high wavenumber region for 
Ra nan modes involving both TiO6 and AsO4 groups. Several modes belonging to TiO6 also soften between 0-
7.5 GPa. The third phase transition occurs near 10 GPa and the high-pressure phase should be of higher 
symmetry.
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1. Introduction 

KTiOAsO4 (KTA) is a new non-linear optical material, 
like its well-known analogue potassium titanyl 
orthophosphate KTiOPO4 (KTP), but with a larger non-
linear coefficient, and lower ionic conductivity [1-3]. It has 
the potential of becoming a more superior material than 
KTP for second harmonic generation (SHG), therefore a 
good understanding on the structure, stability and phase 
transition dynamics is of great interest. Both KTA and 
KTP are members of the non-linear optical crystal family 
with the general formula M+TiOX5+O4, where M={K, Rb, 
Ti, Cs} and X={P or As}[2,4]. 

 Raman scattering method was particularly useful in the 
study of non-linear crystals because of its unique role in 

providing information about molecular symmetry and 
phonon dynamics, especially at elevated temperature and 
pressure. Raman scattering study of KTP, including high 
pressure study, have been reported together with mode 
assignments [5-8]. Raman spectra of KTA at variable 
temperatures were also reported in the literature [9,10]. 
Recently, the measurements of the SHG power of KTP 
show a remarkable pressure dependence [11]. The ambient-

pressure SHG power is doubled at 2.2 GPa, then followed 
by a steady decrease, and finally an abrupt fall at the phase 
transition pressure. Structural information under high 

pressure should be beneficial to elucidate the mechanism of 
the SHG power generation in KTP and KTA.

2. Experimental 

The KTA single crystal samples used in the experiment 

were grown using a tungstate flux by a process similar to 

that for growing KTP [12•n. The crystal structure and 

orientations were determined by the X-ray diffraction 

technique. A fiber shaped fragment of a single crystal 

sample was chosen under microscope for our high pressure 

Raman experiments. Raman measurements were performed 

using the Renishaw Ramascope 2000 micro-Raman system, 

with a 782 nm diode laser as the excitation source. The 

spectral resolution is 2 cm-1'. High pressure was generated

 by a gasketed diamond anvil cell (DAC) with 4:1 mixture 
of methanol-ethanol as pressure medium. A 20X super-
long working distance objective lens was used (NA = 0.35) 
to collect the Raman signal from the DAC. Pressure was 
calibrated using the well-known ruby fluorescence 
technique, except that the fluorescence process involves 
two-photon absorption of the NIR laser. The detailed 
description will be presented elsewhere.

Fig. 1. Typical high pressure Raman spectra in the low 

wavenumber region together with the proposed phase 

transitions. The AsO4 modes are denoted with a prime and 

those of TiO6 without prime.
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3. Results and Discussions 

Under ambient conditions, KTA belongs to 
orthorhombic space group Pna2,, with lattice constants 
a=1.3103, b=0.6558 and c=1.0746 nm. Its primitive cell is 
non-centrosymmetric (point group C2v) and contains eight 
molecular units (Z=8).

 Representative high pressure Raman spectra are 

 presented in Fig. 1 and the peak assignment is given in
 Table 1. Although no particular attention was given to
 align the single crystal sample used in our experiment, the
 ambient pressure spectrum in Fig. 1 is close to that 
obtained in the x(yy)x configuration as compared with the

 polarized Raman spectra. The structure of KTA is 
  constructed from three-dimensional chains of cross-linked
 TiO6 octahedra and AsO4 tetrahedra [2,41. Consequently
 most of the Raman bands have been assigned to these two
 molecular units. In Table 1 and Fig. 1, the vibrational
 modes denoted without prime are those of the TiO6 ions
 and those with prime the AsO4 ions.

Fig. 2 Typical high pressure Raman spectra in the high 

wavenumber region together with the proposed phase 

transitions. The AsO4 modes are denoted with a prime and 

those of TiO6 without prime.

 Below 3.0 GPa, the spectra show gradual and 

continuous changes in the low wavenumber region below 

550 cm-1. These changes include relative intensity changes 

and peak broadening, that may be expected if the main 

pressure effect is to cause the relative tilting of the 

polyhedra as in the case of KIT [13•n. Particularly

 interesting is that Raman bands belonging to the v•Œ4 modes 

are very sensitive to pressure which may indicate that the 

As-O bond lengths shortens considerably under 

compression. Drastic spectral changes occur at 3.2 GPa, 

involving the v6, v5 and v•Œ2 modes. The overall profile of 

the v1 modes also broadens considerably and moves to 

lower wavenumber. We denote this new high-pressure 

phase as phase II. The continuous spectral changes in 

phase II implies that there is a mixture of phases I and II 

just above 3.2 GPa and the Raman peaks belonging to 

phase I is gradually transformed to phase II at higher 

pressure.

Table 1. The observed Raman bands under ambient 

conditions together with their assignments.

 Fig. 3 shows the Raman bands in the v1 mode region 
together with their curve fitted data. It is clear that there is 
a frequency discontinuity for both Raman bands belonging 
to the ve mode at 7.5 GPa. The Raman bands in the low 
wavenumber region also show distinct changes at this 
transition, e.g. the relative intensity changes of the v; 
bands. We denote the phase above 7.5 GPa as phase III. 
The Raman v, bands become narrower with pressure and 
they merge into one band at 10.2 GPa (Fig. 3). We propose
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another phase transition at 10.2 GPa and the high pressure 

phase IV has a higher symmetry as indicated by the 
narrowing of nearly all the Ramnan bands in phase IV. We 

speculate that the Ti06 ions have a near perfect octahedral 

structure in phase IV as demonstrated by the single v1 

band. Above 10 GPa, the pressure becomes non-hydrostatic 

and shear stress exists. This could be the reason that the vi 
mode gets broader and non-symmetric at pressures higher 

than 10.2 GPa in phase IV.

Fig. 3. Curve-fitted data for the Ranian bands in the v1 

mode region in different phases . A linear background has 
been subtracted from the spectra .

 The distortion and orientation of the TiO6 octahedra 

have been linked to the outstanding optical properties of 

the KTA and KTP crystals, however the recent high 

pressure x-ray diffraction study of KTP by Allan and

 Nelines [13] have cast a severe doubt on the above 

explanation. Their work showed that in the low-pressure 

phase, the compression of the crystal is polyhedral tilting 

within the cross-linking TiO6-PO4 chains, which does not 

explain the observed SHG power increase with pressure for 

KTP •m12•n. The rich variety of spectral changes observed in 

our high pressure Raman spectra of KTA suggests that the 

phase transitions of KTA may be similar to that of KTP. 

That is, the crystal is compressed by relative tilting of the 

polyhedra within the TiO6 and AsO4 chains at low 

pressure, while under high pressure the compression is 

accomplished by both relative chain movements and tilting. 

It is worthwhile to note that the Raman peaks in phase IV 

remain strong suggesting that phase IV is not the same as 

the high temperature cubic paraelectric phase.

 This work is supported by the National University of 

Singapore by research grants RP950612 and RP950655.
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