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Hybrid nanostructures [1] combining plasmonic and dielectric nanoparticles (NPs) provide a versatile route to tailor light-matter interactions at the nanoscale. In this context, heteroaggregation, namely the aggregation of distinct NP populations, offers a simple way to form such hybrid assemblies [2]. Here, we investigate whether incorporating titanium dioxide (TiO2) NPs can enhance the optical absorption of disordered gold (Au) NP assemblies. The analysis is based on full-wave finite-element simulations of Au-TiO2 dimers, random three-dimensional clusters, and random planar arrays of aligned heterodimers.

At the dimer level, the TiO2 NP acts as a nearly lossless electromagnetic mediator. By storing and re-radiating the incident field, it modifies the local excitation experienced by the Au NP, leading either to absorption enhancement or suppression depending on the illumination geometry and relative particle position [3]. For NPs with a radius of 100 nm, our results show that, at 520 nm, the most favorable dimer configuration increases the Au absorption by about 43%, whereas an unfavorable one decreases it by about 15%.

This mechanism is then examined statistically in random Au-TiO2 clusters containing 10 Au and 10 TiO2 NPs. For each hybrid realization, a matched Au-only reference is obtained by removing the TiO2 NPs while preserving the Au positions. Over 100 random configurations, TiO2 addition produces a statistically significant enhancement over most of the visible range, with an increase of about 11% around 520 nm. This improvement results from reduced optical shielding within the Au subnetwork and a more favorable redistribution of the local electromagnetic field.

Finally, random planar arrays of aligned Au-TiO2 heterodimers are considered to preserve constructive dimer configurations more directly. Depending on illumination geometry and intra-dimer spacing, the visible absorption modulation ranges from weak suppression to enhancements of up to about 32%. Overall, our results show that position-dependent absorption modulations at the Au-TiO2 dimer level translate, on average, into a positive enhancement in random clusters. This suggests that heteroaggregation is a promising strategy to improve the optical absorption of Au NP assemblies, and that this enhancement can be further amplified in designed two-dimensional geometries where favorable coupling configurations are preserved more effectively.
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