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Monolayer—gated Ion Transport in Artificial Ion Channels Based on
A Nanoporous Gold Membrane

Yan, Nana Xiao, Tianliang Liu, Zhaoyue*
(School of Chemistry, Beihang University, Beijing 100191)

Abstract Biological ion channels that intelligently control the transport of ions or molecules through the cell membrane in
response to external stimuli can maintain the balance between the extracellular and intracellular substances, which ensures the
normal life activities of the organism. The development of artificial ion channels with analogous function to the biological
counterparts is of great significance because of their possible applications as ion switches and sensors. In this paper, we de-
scribe a new type of artificial ion channels based on de-alloyed nanoporous gold membrane with three-dimensional na-
nochannels. The nanochannels were built by electrochemical etching of gold-silver alloy in concentrated nitric acid. The sur-
face morphology and component of nanoporous gold membrane were characterized by scanning electron microscope (SEM)
and energy dispersive X-ray spectrum (EDX). The ion transport properties of artificial ion channels were characterized with
current-voltage curves which was measured by a picoammeter. Our results indicate that this nanoporous gold membrane
demonstrates an ion rectification phenomenon because of the electrochemical polarization of gold under an electric field.
Subsequently, a layer of hydrophobic molecules was assembled on the surface of nanoporous gold membrane by strong
Au-thiol bonds after immersed in the solution of 1-dodecanethiol. The measurements of water contact angles (CAs) indicated
that the modification of 1-dodecanethiol molecules converted the surface water CA of nanoporous gold membrane from 36.5°
to 120.6°. This hydrophobic monolayer prevents the transport of water-soluble ions, which makes the channels exist in an
“off” state. The stimulus of surfactant in the electrolyte is favorable for the wetting of channel surface by aqueous electrolyte,
which makes the channels exist in an “on” state for water-soluble ions. Therefore, the monolayer-modified nanoporous gold
membrane can serve as a surfactant-gated ion switch. Our work provides a new idea for the preparation of artificial ion chan-
nels, which can be applied for intelligently responsive artificial system.
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Figure 1 (A) Schematic setup for the de-alloying process; (B) Photo-
graph of Au-Ag alloy sheet before and after de-alloying; (C) Top-view
and (D) cross-sectional SEM image of the nanoporous gold; (E) Energy
dispersive X-ray diffraction patterns of Au-Ag alloy sheet before and
after de-alloying; (F) Contact angle (CA) of the nanoporous Au
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Figure 2 (A) Schematic setup for the permeation of methylene blue; (B)
After permeation of 24 h, the color change of water in A; (C) Schematic
setup for the measurement of -V curves; (D) I-V curves of the nanopo-
rous gold membrane and Au-Ag alloy sheet
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Figure 3 Schematic mechanism for the polarization-induced ion recti-
fication in nanoporous Au membrane. (A) When nanoporous Au mem-
brane is subjected to a negative voltage, an internal electric field is
formed across the membrane; (B) When the membrane is subjected to a
positive voltage, the internal electric field will prevent the ion transport
through the membrane

23 FREFBEMTIBENSFER

S 9N OK I A (1) — A E A s L R R R
T, DR RATT AT DA R 2E 28 1) 7 VA G K S T 3R T
B RrF)2, TR 2088 18 P et . A ses
o, AR & RS 5 2 M R AR BAEF, fE90k %
FL R TAE T e R 2 12, SELHX B 1
Wi, wWE 4A BoR, T SRR T RS,
S 9 K B TE 1Y 2 T EH 5 7K (36.5°) B AR A i 7K (120.6°).
Bt 7K () 2R T RE 6 L LE B 7R 9R K dE A, gk

http://sioc-journal.cn 875



¥ F R

TGP — MBI IR (B 4B), XU R S B
RE i S PUKIBIE X KEE R T T “ R IRE

BAVIE, KPR BT RS K 2 T
gk 7, MBS B AR 3R 3 VXS 40 K S 3 2 T IR, 1
IRV B 70 A . 2T I — 5, JRATTE
FELAAE G P A o~ e 25 A R B 3 THD V% 1 771 (SDBS)) 1
YPUEKEIE AL T “FTIF7RAS. B 4A Fizr, 24
T rh SDBS ¥k P 8 K B — e FE LIS (10> mol/L), Hafi
JORE AR JE T8 R T (1) 3 AR AR /0N, S6F N i P2 AR ) S - FE
WARK. AEXT L, H AR O A 3R TR S M 7 X VAT R
KA FIEMREIAK 2 FLE I B 7 s m e, Bdi]
PL—2 V B N HEFETHE 749K iEE 1 B RAER,),
LK 4C. 255K, MIREEAKE, SDBS M4
SKIETE (1 F PHAE AV A S, U BRI £ 11 SDBS WA
A ¥, 5O PR S T SR T (1099 24 SDIBS [ i 4
In#) 107° mol/L i, W LA BLHFHREZE SDBS ¥ 18
RIRGEAR /N, 3 5 B2 R Dy Ha A o+ () 3R T P 7
T F IR AE B K 2R T IR, B 2% T 3 P 7 ) FRL A I
TEBRK K 2 FLA IR TH Il A A2 /N (B 4A), LA
JRIA R 2% 5 B g oK FLIE, MO H RGO, SRRkl
N, BT BB R AR 2 AL e E N N T8 T iliE
JEL A R T P 7 e 92 P R

A ¢=0 mol/L ¢=10""" mol/L ¢=10"° mol/L ¢=10" mol/L
CA=120.6° CA=118.5° CA=99.8° CA=71°
6.0
I 5
b I 55 T
0 o 0o )
kS o - 7
2 10 -~ © 50
571 4 5
320 o iR =
-304 4 -~ B
-404" 4.0
-2 -1 0 1 2 -10 -8 -6 -4 2
Voltage/V log[c/(mol-L"")]

B4 (A) &HAFRRER T R A(SDBS) U 7E + ke
FETR RS A 9K 2 L IR WAl A, SDBS W48 0,
107'°, 10 F1 10 mol/L. (B) #KZ LA MLE+ b BB EE 1 T )5
{1V 2. (C) 7EAR SDBS WA, BL—2 V HUE T B IR E 5
f -+ R BR BB U I 9K 22 AL G IR H L LB (R)

Figure 4 (A) The water contact angles of KF electrolyte with different
concentrations (¢) of dodecylbenzenesulphonate sodium (SDBS) on the
surface of 1-dodecanethiol-modified nanoporous Au membrane (thiol-
Au). ¢=0, 10", 107° and 10 * mol/L. (B) The I-¥ curves of Au mem-
brane in KF electrolyte before and after thiolation. (C) The equivalent
resistance (R,) of thiol-Au membrane in KF electrolyte with different
concentrations of SDBS calculated by the current value at a voltage of
—2V
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