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INTRODUCTION (1)

Today, every scientist has the opportunity to use large-scale research infrastructure to perform
their state-of-the-art research. In particular, high-quality measurements at synchrotrons using
various experimental methods can be done.

Combined with experimental methods available in laboratories and high-performance computing,

this opportunity opens up unprecedented possibilities for characterizing the structure and
properties of materials.
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State-of-the-art experiment backed by a solid theory is the key to success!
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INTRODUCTION (II)

In this work, we used synchrotron radiation to study a group of smart materials - molybdates and
tungstates (ABO,) - by X-ray absorption and related spectroscopic methods with the support of
advanced simulations.

* The relationship between the local structure distortion and lattice dynamics of molybdates
(CuMoO,, CuMo, W,0,, Cu,,Zn,Mo0O,) and their thermochromic properties at low and high
temperatures has been revealed and explained.

+ The presence of magnetic dimers has been discovered in tungstates with high nickel content
(Zn,Ni, ,\WO,), and their origin was related to the location of nickel ions in the double-well
potential.
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EXPERIMENT + THEORY

X-ray absorption spectroscopy (XAS) and resonance X-ray emission spectroscopy (RXES) were performed at the
PETRA-III (DESY, Hamburg) and ELETTRA (Trieste) synchrotron centers.

These measurements were supplemented with X-ray photoelectron spectroscopy, Raman spectroscopy and X-ray
diffraction measurements performed at the Institute of Solid State Physics of the University of Latvia, using the
research infrastructure developed within the CAMART? project.

Theoretical methods such as the multiple-scattering theory and the reverse Monte Carlo method were used to
interpret the experimental data.




X-RAY ABSORPTION SPECTROSCOPY (XAS)
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RESULTS (I): LOW-T
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For the first time, we obtained detailed information on the local atomic structure of copper molybdate (CuMoO,) and its
solid solutions (CuMo, W,0O,, Cu,,ZnMo0O,). The obtained results allowed us to explain the thermochromic properties of
these materials in both low (< -70°C) and high (> +100°C) temperature ranges, opening the possibility to create a

temperature indicator/sensor in the desired temperature range.
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RESULTS (Il): HIGH-T tansiion! f

For the first time, we obtained detailed information on the local atomic structure of copper molybdate (CuMoO,) and its
solid solutions (CuMo, ,W,0,, Cu,,ZnMo0Q,). The obtained results allowed us to explain the thermochromic properties of
these materials in both low (< -=70°C) and high (> +100°C) temperature ranges, opening the possibility to create a
temperature indicator/sensor in the desired temperature range.
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RESONANCE X-RAY EMISSION SPECTROSCOPY
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RESULTS (Ill): CRYSTAL FIELD SPLITTING

A new approach to obtain information on the local deformations caused by the crystalline field has been
demonstrated using the resonance X-ray emission spectroscopy at the W L;-edge.
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RESULTS (IV): MAGNETIC DIMERS
FROM EXAFS+RMC

Exotic magnetic structures - magnetic Ni2* dimers - have been discovered in monoclinic nickel tungstate (NiWO,) and
its solid solutions (Zn,Ni, ,WO,), which determine the magnetic properties of these materials (T =67 K for bulk NiWO,).

A fundamental understanding of magnetic dimers may contribute to the field of spintronics in the future.
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SUMMARY

Knowledge of the structure of a material and its dependence on external conditions and
composition is important to understand and control the functionality of the material, which
ultimately determines its practical applications.

In this work, we have performed a systematic study of a wide group of smart materials as
molybdates and tungstates, whose functional properties are closely related to their local atomic
structure and chemical composition.

Using synchrotron radiation sources and high-performance computer modeling,

> the relationship between the local structure distortion and lattice dynamics of molybdates and
their thermochromic properties was revealed and explained.

» The presence of magnetic dimers was discovered in tungstates with high nickel content.

The obtained results demonstrate new possibilities for the use of X-ray absorption spectroscopy
for accurate studies of the structure of functional materials, as well as help to understand the
mechanisms of the thermochromic effects, which opens the way for practical applications.
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