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Fluorescence and Cytotoxicity of Cadmium Sulfide
Quantum Dots Stabilized on Clay Nanotubes
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Abstract: Quantum dots (QD) are widely used for cellular labeling due to enhanced brightness,
resistance to photobleaching, and multicolor light emissions. CdS and CdxZn1−xS nanoparticles
with sizes of 6–8 nm were synthesized via a ligand assisted technique inside and outside of 50 nm
diameter halloysite clay nanotubes (QD were immobilized on the tube’s surface). The halloysite–QD
composites were tested by labeling human skin fibroblasts and prostate cancer cells. In human
cell cultures, halloysite–QD systems were internalized by living cells, and demonstrated intense
and stable fluorescence combined with pronounced nanotube light scattering. The best signal
stability was observed for QD that were synthesized externally on the amino-grafted halloysite.
The best cell viability was observed for CdxZn1−xS QD immobilized onto the azine-grafted halloysite.
The possibility to use QD clay nanotube core-shell nanoarchitectures for the intracellular labeling
was demonstrated. A pronounced scattering and fluorescence by halloysite–QD systems allows for
their promising usage as markers for biomedical applications.
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1. Introduction

Nanomaterials show great promise when it comes to targeted drug delivery, diagnostics, and
controlled-release drug treatment. In recent years, formulations based on halloysite clay nanotubes
have attracted attention in biology and medicine as a drug delivery vehicle [1–6], in implants and
tissue engineering [7], and in chemical- and bio-sensing [8,9]. Halloysite nanotubes can be employed
as encapsulation containers due to their tubular structure, mesoporous 10–15 nm diameter lumen, and
site-dependent chemistry with positively (Al2O3) and negatively (SiO2) charged inner and outer tube
surfaces [10–13].

Halloysite has been proposed as a template for synthesis and stabilization of various nanoparticles
following a core–shell nanoarchitecture strategy. Halloysite–metal nanoparticle composites have
been employed in heterogeneous catalysis [14,15]. Antibacterial Ag [16,17], as well as plasmonic
Au nanoparticles [18], were synthesized into and onto halloysite tubes to form new nanosystems
with enhanced biological activity. Metal chalcogenide halloysite-based formulations have already
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