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Chapter 6 is concerned with the nanomaterials video display by optimizing lanthanide 

ion-doped upconversion nanoparticles. 
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Abstract 
Nanoscale optical force probe for optical tweezers provides a new non-contact force-

sensing technology with a high spatial resolution, one that is to break the limitations in 

conventional methods. The developing of optical trapping nanosensor can map out 

interactive information in the nanoscale region in water. However, the low refractive 

index from functional nanoparticles results in a reduced magnitude of the scattering field, 

which complicated its optical force measurement, hindering the application of optical 

trapping on these particles.  

Here, applying machine learning involved video tracking analysis on the optically trapped 

nanoparticle, we achieved the 3D optical trapping force measurement for nanoparticles 

with refractive index 1.5. Applying optical astigmatism modification, we achieved 

nanoscale 3D localizing of optically trapped upconversion nanoparticles (UCNPs) and 

thus the construction of 3D force. This work offers a unique solution to investigate the 

optical manipulation of low refractive index nanoparticles, also enables high resolution 

sensing for a range of environment variations. Based on the video tracking technology, 

we found that it applies a resonance effect that enhances the permittivity and polarizability 

of nanocrystals, leading to enhanced optical trapping forces by orders of magnitude. This 

effectively bypasses the requirement of refractive index mismatch at the nanoscale. The 

result shows that under resonance conditions, highly doped lanthanide ions in NaYF4 

nanocrystals makes the real part of the Clausius-Mossotti factor approaches its asymptotic 

limit.  

Besides, we further use machine learning technology to analysing the point spread 

function of nanoparticles, to predict the size of the trapped luminescent nanoparticles in 

the water environment. 
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