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MSNs (32 Dk, MFUZIK, a0 4 Forfldz
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SN EERA S 7 ZIM7K 2 AR 12 SSNs D4 & i T
L, 30 Zrf4EfEs 5 2 & TSSNs DEFEM % TMS
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6 TMB/CTAB = (a) 0, (b) 2, (c) 4 CH#LL 72 TMS-
MSNs @ [/£] #EXRD /%% — > [Fi] FE-SEM
% 4] TEM {4

#1 TMS-MSNs D/ N T X — .

TMB/CTAB | d,, spacing | BJH pore [ Wall BET surface | Pore
ratio [nm] diameter thickness area [m’ '] volume
[nm] [nm] [em’ g']
0 39 2.5 2.1 943 1.3
2 5.0 3.7 2.3 857 1.5
4 59 5.0 2.0 829 1.9
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F 1R T, MFLEE TMB/CTAB 250 4254 T
DIEALIZE 5 T2.5 nm2*5 5.0 nm IZPE KL T 5,
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17 TMB/CTAB = (a) 0, (b) 2. (c) 4 G 7-TMS-
MSNs OZRRFIEFRE (@ ;U O; Bk &
UBIH AL AT (A CRIGE) .

206 nm

Cross-section

8 30 wt% MMSNs # i A L7231 J D) Fm MO
Wi SEM £ & (b) %Il AFM 4.
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FEEOTMS-MSNs % 3 1) & — M7 14 5
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(MS51 ; 43F-&500 ~700, CH;-[-O-Si(OCH3),],-
OCH,;, =2 b H) 2 &8 2- 708 ) — VERH
12, TMS-MSNs D 2- 7175 — V558, 0.1N il
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LN E T T AR LN N—a—F —%
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MS51 HI3ED Si0, E MSNs DEEHIET 1 3 L4 5
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M9  [£] (@) I— MELTT AW, (b) MS51 > # i
i — MR, TMB/CTAB = (¢) 0, (d) 2, (e) 4 D
TMS-MSMs 30wt% %38 A L7231 77 — N HA
OO K= [45] TMB/CTAB = 0D
TMS-MSNs @ V) 7 HERANOE A & & RO
BAFR.

W) AR M) v 7 AR OATF N TV S
ZEDTRENT, ARMIZ L AFERIT Y E VI b,
PR E (Ra) 1225 nmARJE & D 57,
L LT BB E AT A 2 EAVRENT,
2R a—7 4 v VEORPEEY FNE N, n
ELEE, RIS a—F 1 VTR AN L
FD TV F— SRR 1,

R= [(ny—ny)/(ny+n)]2

ELTERINDO, ZHROEIFHE=1.0TH5Z
EDD, TAVF—FHERIZTI—F 1 ¥ VO
P L0 DO T ENEL LD, EHIZ, H
JEDa—7 1 v 7RO AR M, BE % d, A % A5
HDWEEETHE, d=Al4n, DEMEZH L2k
X, ERETORIHEE T AERET TR
DRMIFERETTNE L TTHDB E, U
PETT 5, ARBEIZAMOHIZH b BU&7% 550 nm
EDWEZRFESEL LT LL, BEofih
Fny 5145 ~1.100 L &, FEIEAT95 ~125 nm T
HoHIEDNROLND, M9 [JE] 127 T AEWK,
Y HEE, BLUTMB/CTAB =0, 2, 4 DTMS-
MSNs & 0155 77/ AR TG E D
P ERT o ) AERUMSNs — 3 ) 71 /48
AR O S 400 ~ 600 nm DY EAEIE T
IMEZ DT Lh, BEZHIHTAZLIZE-T,
TADEE TR BRI ER R 2 Ffo TWna 2 &
WRENTz, T72, FEETREZ L L LT, ffLE
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AVINEANDT R w7 A () H) OEREICE
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WO EEDZENNEETH S I EATRENT,

5. &V
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PeaFp-g b Z EHREE 2 ), TEMRER
M C—EDREERT I ENTEZ, 4B
12&oT, AVKR=F ALY HF I KTOEHED
B HUREE A IER L7,

E
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PR F AT B GRRKFRFR) Lo
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Wiz, F72, RO (TEMB152) 13305 FHE:
BOIT 2T, TWEKRS DEw) v 777
A= T EHIT ] B TER S, )
BIG, OHEERBIKO T 2 TH 2, 2 ORKTE 2l
D THEAL L BFE S,
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Synthesis of Mesoporous Silica Nanoparticles with High Dispersibility for Optical Application

Yasuto Hoshikawa, Atsushi Shimojima, and Tatsuya Okubo
Department of Chemical System Engineering, The University of Tokyo,

Hiroki Yabe and Takeyuki Yamaki

Advanced Technologies Development Laboratory, Panasonic Electric Works Co., Ltd.

Mesoporous silica nanoparticles (MSNs) are promising as nanofillers with low dielectric
constant and low refractive index. For their applications in electronics and optics,
preparation of MSNs with high dispersibility and high chemical stability is essential. Here
we report the preparation of the stable dispersion of organically-modified MSNs in alcohol
solvents, and demonstrate the fabrication of MSNs-silica nanocomposite film applicable as
antireflective (AR) coatings. Direct trimethylsilylation of mesostructured silica-surfactant
composites nanoparticles (SSNs) by treating with hexamethyldisiloxane under acidic conditions
enables us to impart high stability and dispersibility to the nanoparticles as well as to
achieve surfactant removal and facile particle recovery. The resulting TMS-MSNs have 2D
hexagonal structure and their pore sizes and pore volumes are increased by adding 1,3,5-
trimethylbenzene during the synthesis. Nanocomposite films prepared from the mixture of
TMS-MSNs and siloxane oligomers exhibit lower reflectivity than a silica film without
TMS-MSNs, and the relative reflectivity is decreased with increasing the amount or the pore
volume of TMS-MSNs embedded in the films. It is thus demonstrated that TMS-MSNs are
useful as nanofillers for fabricating functional nanocoatings.

Keywords: mesoporous silica nanoparticles, trimethylsilylation, low-n, anti-reflective coating





