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Structural Model for Intrinsic Mechanoluminescence of Sm(111) Complex
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Abstract. The crystal structure of the mechanoluminescent complex [Sm(NO3)3(HMPA)3] (1) (HMPA
— hexamethylphosphotriamide) has been determined. The studies of the luminescence properties in
visible and near-IR ranges are presented. On the example of the triboluminophor | the model and the
possible mechanism of formation of intrinsic mechanoluminescence were offered and the key role of
the cleavage planes was revealed. The borders and width of the destruction zone are determined by the
surfaces going through the neighboring central Sm atoms in the complexes where the key process -
ionization of the charged NOs - groups — proceeds under mechanical impact.
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1. Introduction

The unique luminescent properties of rare-earth complexes (narrow emission bands, large
Stokes shifts, and their long lifetimes) make them very available members to be used in the antenna
units of highly sensitive mechanoluminescent sensor detectors [1-6].

Mechanoluminescent (ML) sensors are promising in view of real time (in situ) continuous
monitoring of the size and location of damages in critical objects (dams, bridges, aircrafts, cryogenic
fuel tanks for space vehicle, etc.) [7-12]. The researchers suggested various mechanisms of ML
excitationin lanthanide complexes, including piezoelectric phenomena [13-19]. Cracking in such
materials would lead to appearance of opposite charge on the opposite crystal surfaces at voltages high
enough to allow for discharge (10°-108 \V/cm). Since the ML mechanism of the lanthanide compounds
is of a debatable nature, studies of the relationships between their structure and ML properties are very
relevant.

If the mechanism of piezoelectricity is taken as the basis for formation of ML properties [20,
21], then by analogy with the case of mica crystals, there is a natural question about the role of
cleavage planes in formation of the electrification effect. Indeed, mica has a unique cleavage, which
affects many properties, including appearance of electrostatic charges on the surfaces of mica crystals
in the process of their splitting [22, 23]. It is known that the mica lattice is a system of silicon-oxygen
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