Report on Visit to Italy for conducting the experiments at Indo-Italian
XPRESS beamline Elettra

1 have visited Indo-Italian XPRESS beamline Elettra with my Ph.D. student Parvathy M for
doing a high-pressure experiment.The financial support is obtained from Department of
Science and Technology. We are successfully conducted the experiments and the details are
discussed below.

Beamline allotted: Indo-Italian XPRESS beamline

Proposal : 20245302

Number of Shifis: 6

Users: Sabeena Mannilthodi and Parvathy Mallika

Dates allowed: 22" May 2025 to 24™ May 2025

Title: Pressure-induced phase transformations and their influence on luminescence properties
of lanthanide-doped LiBaPQy phosphors

Overview

High-pressure synchrotron XRD experiments were performed at the Indo—Italian XPRESS
beamline to investigate pressure-induced phase changes in 3 mol% Dy-doped LiBaPOq, a
promising candidate for w-LED applications. Phase transitions were monitored in both
methanol—ethanol (4:1) and silicone oil media. Additionally, during our allotted beamtime at
Elettra, synchrotron XRD studies were conducted on pristine Ca3(PO4)2 and on Ca3(PO4)2
doped with Dy, Ce, and Tb at varying concentrations, using capillary mode under ambient
conditions.

Details of the experiment

To study the pressure-dependent phase transformations, high-pressure studies are executed at
the Indo-Italian XPRESS beamline in the 3 mol% Dy-doped LiBaPOs. In the proposal, we
initially requested two high-pressure experiments, one for pristine LiBaPOs and another for 3
mol% Dy;doped LiBaPOs, anticipating that the low dopant concentration would not
significantly alter the host crystal structure. Therefore, only the Dy-doped LiBaPOs sample
was subjected to high-pressure studies.

At the XPRESS beamline facility, high pressure is applied using diamond anvil cells (DACs).
These devices utilize two opposing diamonds to compress a small sample, typically a few
micrometers in size, placed within a gasket hole between the anvil cells. In this study, pressure
was applied through a membrane system or a pressure transmitting medium using Methanol
and Ethanol solution in a ratio of 4:1, allowing for precise control in increments of 3 bar,

starting from 25 bar (corresponding to a Ruby pressure of 0.50 GPa) and increasing up to 79
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bar (Ruby pressure of 10.92 GPa). Following this, the pressure was gradually released down to
a membrane pressure of 0.1 bar.

Figure 1 shows the XRD patterns collected under different pressure conditions. The diffraction
patterns remain largely unchanged between 0.55 GPa and 1.57 GPa, suggesting structural
stability within this range. However, at pressures beyond 1.57 GPa, the appearance of new
peaks indicates the onset of a possible phase transformation. A further structural change is
evident above 7.86 GPa, as additional variations in the XRD patterns are observed, reinforcing

the possibility of another phase transition at higher pressure.
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Figure 1: Synchrotron XRD profiles of LiBaPOys: 3 mol% Dy system using Methanol:
Ethanol solution in a 4:1 ratio as the pressure transmitting medium. The pressure variation

ranges from 0.55 GPa to a maximum of 10.92 GPa.
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