
 

Modulating the covalency and ionicity
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The electron localization function and difference charge density maps. (a–c)
Electron localization function (ELF) maps of I4/mmm (100 GPa), Cmma (200
GPa) and P21/m (250 GPa), respectively. (d–f) Difference charge density
(crystal density minus superposition of isolated atomic densities) of I4/mmm,
Cmma and P21/m for HfH2 plotted at 100, 200 and 250 GPa, respectively. The
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isosurface value is set as: Blue represent positive (+0.05) while Yellow represent
negative (−0.015). Credit: DOI: 10.1038/srep11381/CC BY 4.0

It is well known that most structure features and properties of NLO
materials are governed by the distributions of ionic and covalent units in
their structures, which can be described in details by electron
localization function (ELF) map.

Specifically, large NLO efficiency and high laser-induced damage
threshold (LIDT) are two most important performance indicators for the
practical application of IR NLO materials. However, they are mainly
determined by ionicity and covalency, respectively, leading to the
incompatibility between these two performances. Therefore, the
investigation of ELF map, particularly the topological feature of ELF
map, could give some clues for the circumvention of NLO-LIDT
incompatibility which is crucial for the rational design of high-
performance infrared (IR) NLO materials.

In a study published in Materials Horizons, a research group led by Prof.
Guo Guocong from Fujian Institute of Research on the Structure of
Matter (FJIRSM) of the Chinese Academy of Sciences proposed a new
concept of topological characteristic fractal dimension (FD) of ELF.

The researchers first calculated the FD of ELF maps of a series of well-
known NLO materials, and obtained the relationships between ELF FD
and NLO performances. They found that the uniform crystal structure
with covalent and ionic functional elements interwoven with each other
is beneficial to achieve IR NLO materials with both strong NLO effect
and high LIDT.

They then used the phenomenological relations to guide the experimental
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work on discovering three new promising IR NLO candidates, namely,
A2Ba3Li6Ga28S49 (A = K, Rb, Cs).

The three new sulfides were obtained by introducing chemical bonds
with different interaction strengths, and they show multiple vacancy sites
in their structures. These compounds exhibited balanced IR NLO
performance, including strong NLO efficiency, high LIDTs and wide
band gaps, fulfilling the criteria of promising IR NLO candidates.

This study provides a new method to design high-performance IR NLO
materials based on the topological features of ELF.

  More information: Bin-Wen Liu et al, Balanced infrared nonlinear
optical performance achieved by modulating the covalency and ionicity
distributions in the electron localization function map, Materials
Horizons (2021). DOI: 10.1039/D1MH01434J
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