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SiO, Solid-state Nanopore Films Prepared by Wet Etching
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Abstract  Solid-state nanopore films are used widely in biological detection, life and health, and other sectors
because they are more chemically, mechanically, and thermally stable than traditional biological nanopore films.
Using a multi-target magnetron co-sputtering system, silver (Ag) nanowire array-silicon dioxide (Si0,) composite
metamaterial films were created. The Ag nanowire arrays were selectively dissolved by hydrogen peroxide (H,0,)
solution, and chemical wet etching produced SiO, solid nanopore array films with an average diameter of about 5 nm.
X-ray diffraction, inductively coupled plasma optical emission spectroscopy and spectroscopic ellipsometry were used
to confirm the complete dissolution of Ag nanowires in H,0, solution, and the chemical reaction mechanism between
Ag nanowires and H,0, was clarified. In addition, scanning electron microscopy and small-angle X-ray scattering
were used to characterize the morphology and microstructure size of SiO, solid state nanopore array. In this study,
Si0, solid state nanopore arrays with a diameter of less than 10 nm were successfully fabricated, which provides a

new idea for the efficient preparation of solid-state nanopore arrays.
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99. 9% ) FI SiO, M BEREAF , SR JISRAT T 7 2ol 4, Mol St ol A v 43Sl o o7 42 1 <6 J SE A 5 P R
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Scheme 1 7~ .
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AgNW-8i0:; arrays S10; solid state nanopore arrays

Scheme 1 Schematic diagram of preparation process of solid state nanopore array film
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Fig. 1 SEM images of AgNW-SiO, metamaterial film(A) and SiO,solid state nanopores film(B), and
histograms of statistical diameter distribution of AgNW(C) and SiO, solid state nanopores(D) in
AgNW-SiO, metamaterial film

Insets: the high-magnification images and the cross-sectional images.
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Fig. 2 Ag dissolution photos(A) and microstructure of the SiO, arrays(B)
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H,0,+ Ag —> Ag'+ OH + «OH (1)
H,0, + *OH —> H,0 + *HO, 2)
*HO,==H'"+0, 3)

Ag+ 0, —>Ag+0,1 (4)
Ag+ *HO,=——=Ag" + HO, (3)
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Fig. 3 XRD patterns of AgNW-SiO, film and solid state nanopore film(A) and Ag concentration-time
curve of AgNW-SiO, film in H,0, solution(B)

2.4 AgNW-SiO, £ 5B HIHEES Si0, Bl MK FLEER L F M EE KL F B

A 3 T R P AR, 5 3 LA S8 5 A A TS A AgNW-Si0, &2 A5 HE M BRI 5 Si0, B 2548 K AL
B, WE4(A) FR . EI4(A)BEBEE H, AgNW-SiO, i BAE 7] W7 B (412 nm &b ) 2577
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4 Jm Ag A Si0, [ 25 98 K FLI RS AE n] WL 28 0T 21 7l Be 3 S B0 v i i v, i i LT 5 4 et
JEM—20, FEm T AR . AgNW 48 1) 4 2Ot IR I 141 2R A ] B2E ] T AgNW-Si0, & 45 #
MRHE I 4 I8 Ag MIATF B 58 4 KBk . TRIAS, 300 3o 8 (BRI D (SR, H R B S B i g 1 4 7
B, A ETEAS 5] AGNW-Si0, 55 4 8 kA AL o R T Si0), [51 25 240 K FL IS A Sl 27 3 Bt 181 4 (B) A1 (C) e
7. TE380~1200 nm Y% B, AgNW-Si0, 5 A5 M BB LBR Ag 515 2119 SiO, B GURFLIERAT S22 (n)
ETF 1. 43R Si0,/9 1. 45) , THIERE(R) R 0, X Eeqy SR e eI 42 8 Ag #1558 4 25 Pk . BIAEIE
SR NE 4(D)F4(E) 7w, ST ARl 22 (R 2k ) S5t i 4k (5220 Wy 5 15 50y, TEPA B R48L 5 i
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Fig. 4 Transmittance spectra(A), refractive index(B) and extinction coefficient(C) of AgNW-SiO, film and SiO,
solid state nanopore film, the ellipsometry fitting results(dotted line) and the experimental spectra(solid
lines) of SiO, solid state nanopore(D) and AgNW-SiO, film(E)

25 BEIEMAFLBRESHEHIE
AN X R EIT (SAXS) BT DL F-4800 90 Jo sl A (R SOUR 254, A B TO 5 4 1 RS RN L TR AR
Oy AT NG S S SAXS MR AT ] A9 45 5 5ROk A B NS 1 ~ 100 nm & 27 Y LT
EREARAK, BT AgNW B4 55 Sio, S a] | 2534 Si0, 28 5t [A] 35 HoAT B 35 () HE 2% B 22, SAXS It
AT LU RAS 2 AN RE S A TS A B R At IS A A RO A R 0. 18712 B I A S/ 0. 27, A
S X BRI 0. 154 nm, FF 5 BIFRI S A9 254 250 mm, BT[] 4 300 s. B 5(A) FI(B) 40514
LARE R AR EE 1 AgNW-Si0, & 4 A4 RHHE B Si0, B A5 94 K FLIEAE ) 2D SAXSERE . & 5(A)FI(B)
K R LAT T A X A it ) AR 0 R AT s e, A s DA 2 R M ROR S5 4 7 A i R . 22 D
FEM T, AgNW/23 S5 Si0, 38 i A8 30 5 7 [l 3 R 3 51 R B oA, A5 4k SAXS B R — At it
W | RS A U I CUN PR R R TR ) ), B AgNW-Si0, 52 A b4 REHEIECR Si0, [ 25 40 K L At
YHA R EIE, Sio, 20 KFLESFTEIR 5 AgNW L5 FITEIR—3. B 5(C) R AgNW-Si0, & &bt
RN S10, AR GKAFLHEREN g, 77 AN IR] g, 58 B 4340 (1 1D SAXS (&1, FE i i R AT LIRS T 50 H5a
S=2mlq, (6)
s g, (nm™ ) ARG WENLE ;s S (am) HFESH T . Zad 158, AgNW-Si0, & &8 M RHEER AT Si0, [
BYORFLEIER AL 10 nm. 2 T2k, T LIRSS T 2URISFE AL 10 B AR .
I(q)= ICVZpOZZ;H exp( _q4R ) (7)
K 1(q) RIS 4341 5 V=2a RHCERLF UL U AR, nm?) 5 p, SR H U (A (L aT
SRE T B R 5 R (nm) MR HEAR s Ham) MR TR EE . il () a1, Inl(¢) 5 ¢ MIEH,
L Ind (q)%F > VEEIWEFR J9 Guinier ST 03, & 5(D) Ky AgNW-Si0, 55 25 b e} THE R 3] 25 44 K L T st
B Guinier VTP, LR AORERXT AR (GUKAL) 924, AT LTS B4R (9K FL) I B AR 2N
5nm. Zad XA B, SAXS AT RES RS SEM [N 25 R — 2.
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Fig.5 2D SAXS patterns of the AgNW-SiO, samples(A) and SiO,solid state nanopores(B), 1D SAXS maps
plotted along the g, direction at different g, locations(C) and the Guinier fits on the 1D SAXS intensity
profiles(D) of AgNW-SiO, films and SiO, solid-state nanopore films
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