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Nearly free surface silanols: from silica towards a new paradigm for particle toxicity
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Respirable crystalline silica (RCS) is the leading cause of occupational respiratory diseases
worldwide. RCS is associated with inflammatory lung reactions, which can lead to silicosis, cancer,
and autoimmune diseases. The extreme variability of silica specimens, including its amorphous
forms, the surface heterogeneity, and variable toxicity effects, generated one of the most intriguing
enigmas in particle toxicology, i.e., deciphering which physico-chemical features explain and predict
the variable hazard of silica.

Using a set of ad hoc prepared synthetic and natural quartz particles, we have identified a unique
subfamily of surface silanols as a key initiator of the toxicity of silica particles. These moieties,
namely the "nearly-free silanols” (NFS), appear on the surface of quartz when crystals are fractured,
and their amount can be modulated by physico-chemical processes. The peculiar spatial arrangement
of NFS was demonstrated as the most energetically favorable and selective for interacting zwitterionic
phospholipids that make up cell membranes. The toxic activity of NFS was also confirmed with
amorphous nanosilica synthesized at high temperatures, and our recent findings suggest that NFS
could impart toxic properties to other silica polymorphs and hydroxylated surfaces, including
aluminosilicates and engineered stones. Overall, NFS occurrence accounts for the origin and
variability of the toxicity of silica, opening perspectives for controlling RCS hazard, and may
contribute to understand other important interfacial phenomena of hydroxylated materials.
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