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Multifunctional nanoplatforms integrate diverse material properties to fulfill a wide range of 
application needs and enable the development of highly customizable systems. These platforms have 
been extensively investigated, and in this rapidly advancing field, this work introduces a novel 
multifunctional nanomaterial designed for oxygen sensing, optical thermometry, and emission color 
tuning, based on the synergy between Tm3+-doped upconverting nanoparticles (Tm-UCNPs) and a Cu(I) 
complex (CuCom). The Tm3+-doped UCNPs were synthesized using a co-precipitation method, while 
the Cu(I) complex was prepared via ligand coordination chemistry. Various concentrations of the 
CuCom complex were electrostatically integrated into a mesoporous silica shell on the surface of the 
UCNPs (UCNP@mSiO2), optimizing the system to UCNP@mSiO2@CuCom-10. The optimal 
concentration was determined through systematic photophysical and chemical analysis, ensuring 
maximal performance across all applications. Upon excitation at 980 nm, a portion of the UCNP's UV-
blue emission was transferred to CuCom via Luminescent Resonance Energy Transfer (LRET), initiating 
emission from the molecule in the red region. The residual Tm3+ emissions were utilized for optical 
thermometry, while the CuCom band served as a sensitive oxygen sensor. The optimized nanoplatform 
achieved a Stern-Volmer constant of 1.64 for oxygen sensing and demonstrated thermometric relative 
sensitivities of 0.9% and 1% K-1 at room temperature, with a linear response ranging from 193 to 373K. 
Moreover, the emission of UCNP@mSiO2@CuCom-10 can be readily modulated by varying the 
excitation and temperature, adding further functionalities to the system. This multifunctional platform 
holds significant promise for applications in biology, medicine, environmental monitoring, and 
industry. Compared to existing materials, this nanoplatform offers enhanced sensitivity and versatility 
due to the unique properties of the Tm3+-doped UCNPs and Cu(I) complex. Specific potential 
applications include real-time monitoring of cellular oxygen levels in biological research, precise 
temperature measurement in medical diagnostics, and environmental monitoring of oxygen levels in 
various settings. 

Acknowledgments: The authors acknowledge the financial support from FAPESP – Fundação de 
Amparo à Pesquisa do Estado de São Paulo (Grant No. 2021/01170-3, Cepid Project No. 2013/07793-
6, and Grant No. 2019/12588-9). 

References: 1) Nanoscale Adv., 2021, 3, 5135-5165 (DOI: 10.1039/D1NA00327E) 
2) ACS Appl. Mater. Interfaces 2022, 14, 42, 47902–47912 (DOI: 10.1021/acsami.2c14579) 


