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S1. UCNP Emission Spectra 

The spectrum of UCNPs corrected for the spectral sensitivity of the Fluorolog 3 HJY is shown in 

Fig. S1. 

 

Figure S1. Emission spectrum of the UCNPs β-NaYF4:Yb3+, Tm3+/NaYF4 under NIR excitation 

at 975 nm at intensity 50 W cm-2. 
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S2. Light Localization in Medium Containing UCNPs 

Let us consider the convergent beam propagation in the nonlinear medium uniformly 

impregnated with upconversion nanoparticles. Assuming the light wave at 975 nm wavelength is 

not absorbed and not scattered in the material (matrix) of the medium, the probability of 

nonlinear light absorption by upconversion nanoparticles is defined as:  

𝑃 = 𝜎୒𝐼୒,  (S1) 

where 𝜎୒ – nonlinear absorption cross-section, 𝐼 is intensity at 975 nm wavelength and 𝑁 is the 

order of nonlinear absorption (see Fig. S1). 

Assuming that the light beam at wavelength 𝜆 = 975 nm is Gaussian, the spatial intensity of the 

beam in cylindrical coordinates can be written as:  
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where 𝜔଴ is the light beam waist, determined at level 1/e2, in the lateral plane (x,y).  

The beam size in the plane (x,y) can be calculated in any z coordinate as: 

𝜔୸ =  𝜔଴ඨ൬𝑧𝜆
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where 𝑛 – refractive index of the matrix (medium). 

Aiming to define the light beam waist at level 𝐼଴/2 in z direction, we introduce 𝑧୰–parameter 

called also as Rayleigh length: 
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Taking into account the threshold nature of the photopolymerization process depending on 

intensity (i.e. concentration of produced radicals equals to the concentration of inhibitors at 

threshold intensity 𝐼୲୦) the effective polymerization voxel size can be found. If we put 𝐼(𝑟, 𝑧) =

𝐼୲୦, we obtain the diameter D and the length L of the focal region where the intensity exceeds the 

threshold value1 and polymerization takes place, according to: 

𝐷(𝑟) = 𝜔଴ට2𝑙𝑛 ቀ
ூ(௥)

ூ౪౞
ቁ ,   (S5) 

𝐿(𝑧) = 2𝑧୰ට
ூ(௥)

ூ౪౞
− 1 ,  (S6) 

Taking into account the nonlinearity of upconversion in the medium with such nanomaterials, the 

voxel size can be found (by analogy with method of multi-photon polymerization) as: 
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where N is the nonlinearity index of the corresponding line, acting in the polymerization process. 
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Figure S2. Luminescent voxel formation. A photo of voxel in cuvette containing light-sensitive 

resin impregnated with UCNPs under the CW NIR light with moderate intensity. 

 

It should also be mentioned that the effective voxel size in the case of NIR-induced 

polymerization will be slightly higher comparing to that in the two-photon polymerization 

method due to so called supralinear dependence of NIR light conversion into corresponding PL 

line2. At high intensities of the excitation radiation 𝑃 = 𝜎୒𝐼୒ will be converted to 𝑃 = 𝜎୒𝐼, 

leading to voxel size growth. 
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