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Preparation and Property of Superhydrophobic Antireflective Film
with Gradient Refractive | ndex
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Abstract: Gradient refractive index antireflection film achieves antireflective performance in wider spectrum band at
larger incident of angle. In this study, solid silica nanometer particles (SiO,) sol and hollow silica nanometer particles
(H-Si0,) sol were synthesized by Sol-Gel method, while hollow rod-shaped magnesium fluoride nanometer particles
(MgF») sol was prepared by solvothermal method. Then, the SiO,/H-Si0,/MgF, gradient refractive index antireflection
film was successfully coated on double sides of borosilicate glass by dip-coating method. The experimental results
show that in the wavelength range of 380~1600 nm, when light is incident vertically, the transmittance of the coated
glass reaches 99.88%; when the light is at the incident angle of 0°~45°, with the average transmittance higher than
97.85%. And the light is even at the incident angle of 75°, its maximum transmittance is still as high as 95.51%. After
modified by hexadecyl trimethoxysilane (HDTMOS) the contact angle of the coated glass is up to 150.6°, showing
good hydrophobic self-cleaning performance.
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Bl 1 (a)SiOy KT (b) H-SiO, % FH(c) MgF, ¥ i 43 435 i LB IR A
TEM images of (a) solid SiO, particles, (b) H-SiO, particles and (c) hollow rod-shaped magnesium fluoride

Fig. 1
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Layer position Material Thickness/nm 7" (= 550 nm)
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K2 Si0,/H-Si0,/MgF, # i FESEM (a)# i SEM & i Fl(b)# i
Fig. 2 FESEM (a) surface image, and (b) cross-sectional image of the SiO,/H-Si0,/MgF, film
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Fig. 3 Transmittances of (a) the blank substrate and the coat-
ed substrates with SiO, monolayer, SiO,/H-SiO, bilayer, and
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1016 AL M OB IR 33 %
(a) ' (b) [5] CHATTOPADHYAY S, HUANG Y F, JEN Y J, et al. Anti-
CA=121.8° reflecting and photonic nanostructures. Materials Science and En-

n gineering: R: Reports, 2010, 69(1): 1-35.
[6] RAUT HEMANT KUMAR, GANESH V ANAND, NAIR A

200 nm CA=150.6° SREEKUMARAN, et al. Anti-reflective coatings: a critical,

0 in-depth review. Energy & Environmental Science, 2011, 4(10):
5 pm 4 Sum 3779-3804.
202 ) '\398“ g N [71 CAMARGO KELLY C, MICHELS ALEXANDRE F, RODEM-
2, 11» BUSCH FABIANO S, et al. Multi-scale structured, superhydro-
phobic and wide-angle, antireflective coating in the near-infrared
K6 (a) Si0,/H-Si0,/MgF, Tofh 5 3 558 23 T B AS TR AT 1) 7K 2 region. Chemical Communications, 2012, 48(41): 4992-4994.
filt 1 A1 AFM &, (b) HDTMOS &1 & it 7K 322 fi £ [8] LIU LI-QIANG, WANG XIAO-LIN, JING MIN, ef al. Broadband
Fig. 6 (a) Water contact angle and AFM pattern of the and omnidirectional, nearly zero reflective photovoltaic glass. Ad-
Si0,/H-Si0,/MgF, gradient index film, and (b) water contact vanced Materials, 2012, 24(47): 6318-6322.
angle of the SiOy/H-SiOyMgF, film was modificated by [9] YILDIRIM ADEM, KHUDIYEV TURAL, DAGLAR BIHTER, ez
HDTMOS al. Superhydrophobic and omnidirectional antireflective surfaces
from nanostructured ormosil colloids. ACS Applied Materials &
N N N . Interfaces, 2013, 5(3): 853-860.
R, 7"] 17.3 nmo, {Qﬁ@éﬂﬂ‘fiﬁ/‘]% H%i%ﬁﬁﬁﬁu It [10] YOLDAS BULENT E. Investigations of porous oxides as an anti-
j( E[/J /IL7J(ﬁ§}# I}LCE BT SiO,/H- S102/MgF2 {4%}]% reflective coating for glass surfaces. Applied Optics, 1980, 19(9):
% ﬁ E,(J % /{j( Mng %/ T Fj *ﬂ *ﬁ H/J 7% H% % E [11] ;?I‘z(fl;lﬁszERNER FINK ARTHUR, BOHN ERNST. Controlled
Z(b)J@‘lﬂE Eﬁ %Hﬁiﬁﬁﬂ:z%% %\‘/T't‘%% &i> }‘A growth of monodisperse silica spheres in the micron size range.
e E R R A A — SRS . 418 H HDTMOS Journal of Colloid and Interface Science, 1968, 26(1): 62—69.
T ) R ° [12] WAN YONG, YU SHU-HONG. Polyelectrolyte controlled large-
ﬁﬂiﬁﬁ E& ri Ho 2N %ﬁﬁiﬁi jJD £ 150.6 (lg] 6(b)) scale synthesis of hollow silica spheres with tunable sizes and wall
VBN SR I R A BB K TV AU thicknesses. The Journal of Physical Chemistry C, 2008, 112(10):
3641-3647.
3 é:nl: .L/E [13] JI ZIHAN, BAO LEI, WANG HONGNING, et al. Preparation of
super-hydrophobic antireflective films by rod-like MgF, and SiO,
mixed sol. Materials Letters, 2017, 207: 21-24.
R S A E sz 0k F A 2500 A AL [14] THOMAS LAN M. Method for the preparation of porous silica an-
FANN PN A= > > — = + s tireflection coatings varying in refractive index from 1.22 to 1.44.
7‘{% PLR 50 %{%%zm*%m hil # i —% ?ﬁ%zk Applied optics, 1992, 31(28): 6145-6149.
AR R, TETE BRI KA N R ER S T [15] WANG Y, HE M Y, CHEN R Y. Fabrication of mechanically robust
RIS B3R, Bon H B IFR 4 n) Se P T EeE . A antireflective films using silica nanoparticles with enhanced sur-
sy — face hydroxyl groups. Journal of Materials Chemistry A, 2015,
Ab, H1 T IR AL B ) % B8 = R M, 3(4): 16091615,
MW HERERTIE L T A& MR E, i H [16] YE HAIPING, ZHANG XINXIANG, ZHANG YULU, ef al. Pre-
HDTMOS 141 E’ R B TR KEEE 5&% paration of antireflective coatings with high transmittance and en-
o N S e iy hanced abrasion-resistance by a base/acid two-step catalyzed
ILE%IELT{}&&H%EL%:'FE\ @ﬁ}#m}iﬁj‘*ﬂiﬁnﬂk Sol-Gel process. Solar Energy Materials and Solar Cells, 2011,
HiGEW I 2 DR ttae. 95(8): 2347-2351.
[17] WANG JIGANG, LIU MIN. Study on the tribological properties of
%}%i ﬁk . hard films deposited on biomedical NiTi alloy. Materials Chemis-
try and Physics, 2011, 129(1/2): 40-45.

[1] GREEN MARTIN A, EMERY KEITH, HISHIKAWA YOSHI- [18] POITRAS D, DOBROWOLSKI J A. Toward perfect antireflection
HIRO, et al. Solar cell efficiency tables (version 45). Progress in coatings. 2. Theory. Applied Optics, 2004, 43(6): 1286-1295.
Photovoltaics: Research and Applications, 2015, 23(1): 1-9. [19] X1JQ, SCHUBERT M F, KIM J K, et al. Optical thin-film mate-

[2] BARAN DERYA, ASHRAF RAJA SHAHID, HANIFI DAVID A, rials with low refractive index for broadband elimination of Fres-
et al. Reducing the efficiency-stability-cost gap of organic photo- nel reflection. Nature Photonics, 2007, 1(3): 176-179.
voltaics with highly efficient and stable small molecule acceptor [20] REUNA JARNO. Anti-reflective Coatings for Multi-junction Solar
ternary solar cells. Nature Materials, 2017, 16(3): 363-369. Cells. Finland: Master’s Science Thesis of Tampere University of

[3] CHHAJED SAMEER, SCHUBERT MARTIN F, KIM JONG Technology, 2016.

KYU, et al. Nanostructured multilayer graded-index antireflection [21] DUYAR OZLEM, DURUSOY HUSEYIN ZAFER. Design and
coating for Si solar cells with broadband and omnidirectional cha- preparation of antireflection and reflection optical coatings. Turk-
racteristics. Applied Physics Letters, 2008, 93(25): 251108-1-3. ish Journal of Physics, 2004, 28(2): 139-144.

[4] LIU BO-TAU, YEH WEIL-DE. Antireflective surface fabricated [22] BAO LEIL, WU JIAN, WANG HONGNING, er al. Design and

from colloidal silica nanoparticles. Colloids and Surfaces A: Phys-
icochemical and Engineering Aspects, 2010, 356(1): 145-149.

preparation of broadband antireflective coatings with excellent
mechanical properties. Materials Letters, 2016, 185: 464-467.



