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S.1. Optical constants 

Partially UV-transparent materials 

 

Figure S1. Real (solid line) and imaginary (dashed line) parts of the permittivity as a function of 

energy. Only partially UV-transparent materials are shown. The shaded area indicates the range of 

energies for which the imaginary part stays below 0.5. 
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Fully UV-transparent materials 

 

Figure S2. Real (solid line) and imaginary (dashed line) part of the permittivity as a function of 

energy. Only fully UV-transparent materials are considered, i.e. they have an imaginary part of 

the permittivity lower than 0.5. 

S.2. Transparency criteria 

The electromagnetic intensity I decays exponentially in a media with complex refrac-

tive index �̂� = 𝑛 + 𝑖𝑘 as 

 

𝐼 = 𝐼0𝑒
−𝑧/𝑙𝑑  (1) 

where the decay length, 𝑙𝑑 is 

 

𝑙𝑑 = 𝜆/4𝜋𝑘 (2) 

and the imaginary part of the refractive index, 𝑘, is a function of the real and imagi-

nary parts of the permittivity, 𝜀1 and 𝜀2 respectively. 
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𝑘 = √
1
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√𝜀1

2 + 𝜀2
2 − 𝜀2 (3) 

Figure S3 shows the decay length as a function of the complex permittivity at a wave-

length  = 380 nm. At that wavelength, all the materials exhibit an 𝜀2 < 0.5. Only three 

materials, i.e., NiO, Ta2O5 and SrTiO3, show an 𝜀2 > 0.2 at that wavelength, as indicated 

by the dots. The rest of them have even smaller 𝜀2 and thus even bigger decay lengths. 

Two dashed lines indicate the pair of values (𝜀1, 𝜀2) that give the constants values of de-

cay length 140 nm (white dashed) and 280 nm (black dashed), which are the two diameters 

considered for the nanospheres at this work. The condition 𝜀2 < 0.5 is enough restrictive 

to ensure a sufficiently high transparency, i.e. a decay length longer than the diameters of 

the spheres. In the list considered, only materials with 𝜀1 > 4 may exhibit an absorption 

band in the range 3-6 eV. As we can see from figure S3, if 𝜀1 > 4 and 𝜀2 > 0.5, the decay 

length is no longer superior to 280 nm so the resonances in spheres of this diameter be-

come overdamped. Materials with 𝜀1 < 4 have their absorption bands at energies above 

8 eV so the exhibit neglectable values for 𝜀2 in the range from 3-6 eV, i.e. the decay length 

is orders of magnitudes larger than the diameters of the spheres. 

 

Figure S3. Decay length as a function of real and imaginary part of the permittivity. 

S.3. Suprawavelength nanoparticles for NFE and OCD enhancement 

In general terms, the NFE becomes greater with bigger nanoparticles with conse-

quent spatial confinement of the electromagnetic field and an increase of the Q-factor of 

the resonances. This triple effect is more dramatic for HRI nanoparticles than for MRI or 

LRI one. As an example of this, we show in Figure S4 the spectral distribution of the NFE 

averaged over the surface of the sphere (a,c) and the spatial distribution over the surface 

of the sphere when the diameter is 280 nm and the incident wavelength is inferior to 230 

nm (b,d). The considered materials are Diamond (a,b) and Al2O3 (c,d) surrounded by air. 
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Figure S4. Surface averaged NFE as a function of energy, and spatial distribution of the NFE over 

a 140 nm radius sphere of (a-b) diamond and (c-d) Al2O3 nanoparticles. 

The tendency with the radius is not that simple for the OCD enhancement. The OCD 

is large if the NFE is so, but more importantly if the magnetic type (H-type) and the electric 

type (E-type) resonances overlap. Magnetic and electric modes overlap more for smaller 

refractive index nanoparticles. As well, the lower order resonances that appear for smaller 

radius at a given wavelength, because of their lower Q-factors, tend to overlap more. So, 

in principle, for HRI spheres the radius must be small enough to achieve moderate Q-

factors, enhancing the overlapping between E-type and H-type resonances. This is illus-

trated in figure S4: for diamond (HRI), when the sphere has a size of 280 nm, the reso-

nances are completely resolved while for Al2O3 (MRI) the resonances appear much more 

overlapped. For LRI and MRI, the radius may be increased much more than for HRI, in 

order to achieve more intense resonances without significantly losing the overlapping be-

tween E-type and H-type modes, as the later ones exhibit moderate Q-factor even for big 

radius as discussed in the article. 
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Figure S5. Surface averaged OCD as a function of energy, and spatial distribution of the OCD over 

a 140 nm radius sphere of (a-b) diamond and (c-d) Al2O3 nanoparticles. 

As we can see in Figure S5, when the diameter is big enough, in LRI and MRI spheres 

it is possible to achieve relatively high and sign uniform OCD resonances that may be 

easily tuned because the resonances are wide. On the contrary, for HRI spheres with ex-

cessively big radius turns up in spectrally narrow resonances of OCD. Moreover, this 

OCD values are neglectable compared to the NFE and the spatial sign distribution is not 

uniform. For this reason, small HRI particles can be of the same utility as big LRI and MRI 

particles, at least when they are used surrounded by air. 


