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Control of Nanoparticle Array Structures and Their Anti-Reflection Properties

Goshi KUNO
Kota SAKAGUCHI

Nanostructures are attracting great interest regarding their application to mechanical engineering, optics, biology,

and so on. One of the most effective methods of forming nanostructures is using nanoparticle array structures with

controlled shapes and placements. Here we report on novel methods that can form the two types of nanoparticle

arrays, homogeneous arrays of spherical nanoparticles and vertically aligned arrays of anisotropic nanoparticles.

Firstly, we explain several coating methods that homogeneously arrange SiO, spherical nanoparticles. Secondly, we

explain how to use the layer-by-layer method to vertically align the SiO,-polymer core-shell anisotropic nanoparticle

arrays to the substrate. Both of these nanoparticle array structures show good anti-reflection properties and high

transparency.
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Scheme 1  Synthesis of core-shell spherical nanoparticle (4s) and anisotropic nanoparticles(5a~7a)

Table 1 Characteristics of nanoparticles used in this study

Nanoparticle Materials Shape Di?:rf;[ r Aspect ratio! POlyd(iZ§:rSity2
1s SiO2/methacrylate silane spherical 180 1 2.4
2s SiO2/fluorocarbon silane spherical 180 1 —
3s SiO2/methacrylate silane spherical 110 1 4.8
4s SiO2/PMMA spherical 140 1 5.3
""""" 52 SIO/PMMA/PSt  amisotropic  170/120 14 48
6a Si02/PMMA/PSt anisotropic 220/ 110 2.0 6.7
7a Si02/PMMA/PSt anisotropic 250/ 150 1.6 6.8

!Nanoparticle's [long axis length/short axis length] ratio measured by transmission electron microscopy.
“Determined by dynamic light scattering measurement with cumulant method.
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Atomic force microscope images of acrylate monomer/nanoparticle 1s and 2s coated substrates, with various acrylate
monomer/nanoparticle weight ratio (A); scanning electron microscope image of nanoparticle 2s coated substrate, with
monomer/nanoparticle weight ratio=0.8(B); schematic illustration of spherical nanoparticles coated substrates of
uniform arrangement (C), aggregation (D), 1s uniform arrangement (E), 2s uniform arrangement (F)
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Figure 2  Schematic illustration of spherical nanoparticles arrangement using

polymer solid-liquid separation



WY — W7 - el

£ 618 (2017) 53

Figure 3  Atomic force microscope images of PMMA/nanoparticle 1s
coated substrates using polymer solid-liquid separation, with
toluene (left image) and 1,3-Bis(trifluoromethyl) benzene
(right image) as high boiling point solvent
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Figure 4 Schematic illustration of spherical nanoparticles arrangement using
sublimation compound

Figure 5 Scanning electron microscope images of nanoparticle 3s
coated substrates without sublimation compound (left image)
and with sublimation compound (right image)
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Figure 6 Schematic illustration of spherical core-shell nanoparticles arrangement using LBL
method and thermal fusion
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Figure 7 Scanning electron microscope images of nanoparticle 4s
coated substrates without thermal fusion (left image) and
with thermal fusion (right image)
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Figure 8 Transmittion electron microscope images of nanoparticle 5a (A) and 6a (D); scanning
electron microscope top image (B) and oblique image (C) of nanoparticle 5a coated
substrate ; scanning electron microscope top image (E) and oblique image (F) of
nanoparticle 6a coated substrate
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Figure 9  Schematic illustration of anisotropic nanoparticles arrangement using
LBL method and thermal fusion (A); scanning electron microscope top
images of nanoparticle 7a coated substrates without thermal fusion (B)

and with thermal fusion (C)
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Figure10 Reflectance spectra of nanoparticle 1s and 5a coated substrates
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Table 2 Optical characteristics of nanoparticle 1s and 5a coated substrates

Coated nanoparticle  Iuminous reflectance (%) Haze (%)
1s 0.77 0.5
5a 0.49 0.9
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