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Abstract: Since near-infrared rays have long wavelengths, they typically show low light scattering effect and easily pen-
etrate the air. Consequently, when directly irradiated on the skin, they penetrate deep into the skin to raise the skin tem-
perature, accelerate aging, and create wrinkles. Therefore, a new material technology is essential for near-infrared
protection. In this study, we intend to propose a new core-shell type hybrid material that exhibits high near-infrared block-
ing properties through multiple light scattering effect by physically coating high-refractive index TiO, nanoparticles on
the surface of porous silica microparticle in an island form. Highly refractive hybrid silica particles were prepared by
introducing TiO, nanoparticles into the porous silica surface through a simple solution dispersion method. Near-infrared
reflectance measurements confirmed that the actual sunscreen formulation as well as the prepared pristine hybrid silica
particles exhibited excellent near-infrared blocking performance.

Keywords: hybrid particle, light scattering, near-infrared reflectance, porous silica, titanium oxide nanoparticle.
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Figure 1. Preparation of highly refractive porous hybrid silica par-
ticles and schematic of NIR protection in the sunscreen containing
the hybrid particles.
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Table 1. Characteristics of Hybrid Silica Particles

Name Core material (Silica) Shell material (TiO,)
H20 Porous (H-52) 21 nm (T20)
H300 Porous (H-52) 300 nm (T300)
L20 Non-porous (L-51) 21 nm (T20)
L300 Non-porous (L-51) 300 nm (T300)
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Figure 2. FE-SEM images of (a) pure TiO, or silica particles; (b)
the synthesized hybrid silica particles.
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Figure 3. EDS images of (a) L20; (b) L300 hybrid particles.
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Figure 4. EDS images of (a) H20; (b) H300 hybrid particles.
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Figure 5. FTIR spectra of (a) pure TiO, or silica particles; (b) the
synthesized hybrid silica particles.
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Figure 6. Near-infrared diffuse reflectance spectra of pure silica
particles and the synthesized hybrid silica particles.

Table 2. Integrated Reflectance Values of Pure Silica and
Hybrid Silica Particles

Name L-51 H-52 120  H20 L300 H300
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Figure 7. Near-infrared diffuse reflectance spectra of the sunscreens
depending on the concentration of H300.

Table 3. Near-infrared Protection Factors of the Sunscreens
Containing Hybrid Silica Particle (H300)

Content Integrated

of H300 values P PI
0 wt% 391.6 - -
3 wt% 439.1 12.1 PI+++
10 wt% 478.1 22.1 Pl++++
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