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Applications overview
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Nanomaterials for solar cells
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Basic idea for a position particle detector

A regular and uniform matrix of 
carbon nanotubes, grown inside the 
alumina template, is sandwiched 
between an active layer and a 
readout layer. The active layer is 
formed formed by a reverse biased 
silicon diode, in which a charged 
particle produces electro-hole pairs 
during its passage. The readout 
layer is constituted by CMOS 
electronics embedded in a silicon 
substrate.

R.Angelucci et al., Application of Nanotechnologies in High Energy Physics, Nuclear Physics B (Proc. Suppl.) 125 (2003) 164-168

Thin silicon

R/O electronics

CNT array in AAO template
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Transfer of the nanoporous pattern of AAO 
into a Si substrate

H. Asoh, Electrochemical etching of silicon through anodic porous alumina, Electrochemistry Communications 7 (2005) 953–956.

Anodic oxidation of a 
Al film sputtered on a 
p-type Si substrate

Dissolution of the barrier 
layer in H3 PO4 solution

Silicon electrochemical 
etching in a HF 
containing solution
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Gas sensors
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Palladium nanowires for hydrogen sensors

G. Kartopu, Synthesis of palladium nanowire arrays with controlled diameter and length, Materials Chemistry and Physics 107 
(2008) 226–230.
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Abstract Porous anodic alumina has been of an increasing interest to applications of on-chip biosensors
and bioseparations. However, the characteristics of molecular diffusion in alumina nanopores have not been
fully explored. Here, we have investigated an ultra-thin freestanding alumina membrane fabricated on a silicon
substrate as a new on-chip diffusion system. Sub-1,000 Da molecules such as caffeine were diffused through alumina
pores with a pore diameter of 40 nm and a pore length of 1.2 lm. The diffusion dynamics was characterized by
modeling the molecular transport as one-dimensional convective Fickian flow. The diffusion coefficients were
calculated to be on the order of 10-8 cm2 s-1. The transport rate of coions was enhanced by increasing the ionic
strength of diffusion solution. Relative to thick alumina membranes, the thin-film alumina was able to achieve a
significantly higher flux rate, making it more favorable for rapid molecular transport. The characterizations we present
here have contributed important experimental data toalumina nanofluidics, and are believed to be valuable for
applications such as drug deliveries, molecular separations, and membrane biosensors.
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Nanostructures of transparent porous 
anodic alumina films are formed on a glass 
substrate with an ITO film through the 
anodization of sputter-deposited aluminum 
layer. The anodic alumina films are 
composed of straight and parallel 
nanopores with a thin arched barrier layer 
and transverse holes, and exhibit a high 
transmittance in the UV-visible light range, 
due to the complete anodizing of aluminum.

Therefore, a transparent porous electrode 
material with good conductivity and large 
surface area can be obtained for various 
practical purposes.
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Nickel nanowire arrays are fabricated in 
porous alumina films on the ITO/glass 
substrate. The Ni (Ф 18-150 nm, A.R. 20- 
183) nanowires are polycrystalline, and show 
a textured structure in {220} orientation.

Titania/ruthenium can be deposited in the 
porous alumina films on ITO/glass by a 
cathodic electrosynthesis. After heating a 
transparent TiO2 /RuO2 /Al2 O3 composite 
nanostructure is fabricated onto the 
ITO/glass substrate.
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Biosensors
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Urease was chosen as a model to study the activity and stability of enzyme 
immobilized onto porous alumina. Urease was immobilized on nanoporous alumina 
membranes by four different procedures: 

(A) physical adsorption; 

(B) adsorption followed by reticulation with dilute glutaraldehyde solution;

(C) adsorption followed by chitosan coating;

(D) reticulation followed by chitosan coating. 

The results indicate that big pore diameter is favorable for increasing enzymatic 
activity, whereas small pore favors the increase of enzymatic stability. The effect of 
pore length is complicated, the activity of enzyme increases with the increasing pore 
length for big pore size; while for small pore size, enzymatic activity slightly depends 
on pore length. The immobilization procedures, adsorption followed by chitosan 
coating or reticulation with glutaraldehyde, slightly affect the activity of immobilized 
urease, whereas greatly increase the stability and lifetime of urease. Such 
conclusions suggest that nanoporous alumina membranes can be employed to 
fabricate enzyme biosensors with high activity and stability. Such sensors may be 
applied to medical and environmental fields in the future.
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Abstract

 

The hybridization

 

of

 

probe DNA with

 

target DNA will

 

lead

 

to

 

changes

 

in the mass, electrical

 

charge, or optical

 
properties

 

of

 

the immobilized

 

DNA layer, which

 

can be

 

detected

 

by

 

microgrativimetric, potentio-metric, amperometric

 

or 

optical

 

transducers. For

 

this

 

reason, we

 

developed

 

a new

 

Localized

 

Surface

 

Plasmon Resonance

 

(LSPR) based

 

label-free

 
optical

 

biosensor

 

in connection with

 

a Porous

 

Anodic

 

Alumina

 

(PAA) layer

 

chip. For

 

the fabrication

 

of

 

PAA layer

 

chip, a 

double

 

oxidation

 

step

 

method

 

was

 

developed, which

 

used

 

oxalic

 

acid as

 

oxidizing

 

agent

 

at an

 

oxidation

 

voltage

 

of

 

40 V. In 

our

 

sensor, the absorbance

 

at surface

 

of

 

PAA layer

 

chip resulted

 

in an

 

interferometric

 

pattern that

 

was

 

related

 

to

 

the LSPR 

optical

 

properties

 

of

 

bio-molecules. All

 

absorbance

 

spectra

 

were

 

taken

 

from

 

400 to

 

850 nm

 

on the UV-visible

 
spectrophotometer

 

at room

 

temperature. The absorbance

 

strength

 

increased

 

with

 

the formation

 

of

 

double-helix

 

with

 

the 

probe target DNA hybridization. The reaction

 

of

 

mismatch

 

DNA did

 

not

 

cause a significant

 

increase

 

in the absorbance, but

 
only

 

a slight

 

bathochromic

 

shift

 

was

 

observed. However, the binding

 

of

 

match DNA caused

 

a significant

 

bathochromic

 

shift

 
and increase

 

in the absorbance

 

indicating

 

the complete hybridization. We

 

expect

 

that

 

this

 

detection method

 

using

 

LSPR 

based

 

label-free

 

optical

 

biosensor

 

can be

 

used

 

for

 

analysis

 

conveniently

 

with

 

high sensitivity, because

 

there

 

is

 

no necessity

 

of

 
labeling

 

such

 

as

 

the enzymes

 

and the fluorescent

 

dye.
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Label-free optical detection of protein antibody-antigen interaction on Au capped porous 
anodic alumina layer chip
Kim, Do-Kyun; Kerman, Kagan; Yamamura, Shohei; Kwon, Young-Soo; Takamura, Yuzuru; Tamiya, 
Eiichi
Japanese Journal of Applied Physics 47 (2008) 1351-1354

Abstract: The interaction of protein antibody and antigen will lead to change in the mass, electrical 
charge, or optical properties of the immobilized protein layer, which can be detected by 
microgrativimetric, potentiometric, amperometric or optical transducers. For this reason, we developed 
a new localized surface plasmon resonance (LSPR) coupled with interferometry based label-free optical 
biosensor in connection with a Au capped porous anodic alumina (PAA) layer chip. We could 
observe the formations of the self-assembled monolayer (SAM)/protein A/C-reactive protein (CRP) 
antibody/CRP antigen on the Au capped PAA layer chip surface by means of LSPR and interferometric 
characteristics. In the presence of CRP antigen, the change of the relative reflected intensity (RRI) in 
the interferometric pattern and a significant bathochromic shift were observed. The fabrication of 
uniformed Au capped oxide nanostructure is the primary advantage of our chip. It is known that 
biomolecular interaction which contributed to the change in the refractive index depends on the 
absorbance intensity change and wavelength shift. Using our Au capped PAA layer chip, one can 
measure both the information in one single event using a single optical fiber, which is the great 
additional advantage over SPR. © 2008 The Japan Society of Applied Physics. (14 refs.)

http://www.engineeringvillage2.org/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bKim%2C+Do-Kyun%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bKerman%2C+Kagan%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bYamamura%2C+Shohei%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bKwon%2C+Young-Soo%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bTakamura%2C+Yuzuru%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bTamiya%2C+Eiichi%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bTamiya%2C+Eiichi%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
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The surface charge effect in controlling the ionic conductance through a nanoporous alumina membrane can be 
applied as a convenient detection method for unlabeled DNA. The method was realized on the membranes with 
gold electrodes deposited directly on its opposite sides and the surface of nanopores modified by an optimized 
mixture of neutral ester silanes and morpholinos (neutral analogue of DNA). Even though there is room for 
further optimization, it is obvious that the surface charge effect can be employed in fabrication of inexpensive 
electrical DNA sensors. Such a sensor would not require an electrochemical potentiostat and can be eventually 
employed with standard interfaces available on every computer.
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Catalytic reactor
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ABSTRACT: The nanoporous anodic aluminum oxide (AAO) structure is shown to be a useful 
platform for heterogeneous catalysis. By appropriately masking the perimeter during anodization 
and etching, the AAO can be formed at the center of an aluminum disc. The remaining aluminum 
ring connects seamlessly to the AAO and provides mechanical support for convenient handling. The 
supported AAO can be sealed in a standard fitting so that the nanopores in the structure function as 
an array of tubular reactors, i.e. a nanolith. Coating the walls with catalytically active materials turns 
the nanolith into a novel catalytic system. For the oxidative dehydrogenation (ODH) of cyclohexane, 
the nanolith catalytic system is superior to a conventional powdered catalyst in terms of both 
efficiency and in reducing over oxidation. A simple analysis of the flow through the nanolith 
combined with experimental data indicates that mass transfer through the nanopores follows a mixed 
flow model.
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ABSTRACT: In this study, we report for the first time the fabrication of polymer 
nanospheres, nanocapsules, and hemispherically capped nanorods simply through the 
wetting of anodic aluminum oxide (AAO) membranes with polymer solutions. For the 
wetting with polystyrene solutions, we have demonstrated that the formation of nanorods 
is dependent upon the solvents used (e.g., tetrahydrofuran and methyl ethyl ketone) 
which have strongly adsorbent nature toward alumina surfaces, displaying no correlation 
to molecular weight. More importantly, we have shown that there is a coarsening process 
from spheres to capsules to rods in AAO cylindrical nanopores during solvent 
evaporation. The coarsening process could serve as the formation mechanism for 
nanorods which have the similar diameter as the AAO nanopores. Our observation also 
provides a facile approach for fabricating polymer nanospheres and nanocapsules that 
can be directed by cylindrical nanopores into ordered arrays.
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Figure 1. Micrographs of PS 
nanostructures resulting from 
PS/THF solutions with different initial 
concentrations: 

(a and b) for 20 mg/mL; 

(c and d) for 40 mg/mL; 

(e and g) for 150 mg/mL. 

The red arrows in parts e-g highlight 
the hemispherical caps at the ends 
of the nanorods.
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ABSTRACT: We describe a simple and efficient strategy to fabricate enzymatic devices based on the 
deposition of glucose oxidase on aligned and highly oriented CoNiMo metallic nanowires. CoNiMo 
nanowires with an average diameter of 200 nm and length of 50 µm were electrodeposited on Au-covered 
alumina substrates via electrodeposition, using alumina membranes as templates. Enzyme-modified 
electrodes were fabricated via enzyme immobilization using a cross-linker. To minimize nonspecific 
reactions in the presence of interfering agents, a permselective membrane composed of poly(vinylsulfonic 
acid) and polyamidoamine dendrimer was deposited via electrostatic interaction. The formation of 
hydrogen peroxide as a product of the enzymatic reaction was monitored at low overpotential, 0.0 V (vs 
Ag/AgCl). The detection limit was estimated at 22 µM under an applied potential of 0.0 V. The apparent 
Michaelis-Menten constant determined from the Lineweaver-Burke plot was 2 mM.
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ABSTRACT: Hexagonally ordered Ni nanocones have been produced using an electroless Ni 
deposition technique on a porous anodic alumina (PAA) template, where the pores are of a cone 
shape. The conical PAA film was found to exhibit hexagonal order with a period of 100 nm. The 
aspect ratio (cone height vs. the diameter of the base of the cone) of the conical pores on the PAA film 
was found to be one. The Ni nanocones and the surface morphology of the nano-conical film exhibit 
the same periodic structure of the template. A significant advantage of the fabrication process 
employed in this work is that it utilizes existing techniques.
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NiB electroless

Ni electrodeposited
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ABSTRACT: Bacteriophage phi29 virus nanoparticles and its associated DNA packaging nanomotor can 
provide for novel possibilities towards the development of hybrid bionano structures. Towards the goal 
of interfacing the phi29 viruses and nanomotors with artificial micro and nanostructures, we fabricated 
nanoporous Anodic Aluminum Oxide (AAO) membranes with pore size of 70 nm and shrunk the pores 
to sub 40 nm diameter using atomic layer deposition (ALD) of Aluminum Oxide. We were able to 
capture and align particles in the anodized nanopores using two methods. Firstly, a functionalization and 
polishing process to chemically attach the particles in the inner surface of the pores was developed. 
Secondly, centrifugation of the particles was utilized to align them in the pores of the nanoporous 
membranes. In addition, when a mixture of empty capsids and packaged particles was centrifuged at 
specific speeds, it was found that the empty capsids deform and pass through 40 nm diameter pores 
whereas the particles packaged with DNA were mainly retained at the top surface of the nanoporous 
membranes. Fluorescence microscopy was used to verify the selective filtration of empty capsids 
through the nanoporous membranes.
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ABSTRACT: In this work, a capacitive sensor based on Anodic Aluminium Oxide (AAO) porous 
structures has been developed. In some cases, the pores have been also conformally coated with a high 
chemical pure SiO2 by means of Atomic Layer Deposition (ALD). Temperature measurements have 
been done in DI water obtaining a response of 5 nF/°C. pH measurements have been performed and 
the responses obtained are between 0.2 and 1 nF/pH. The reproducibility of the sensors has been found 
to be high and a larger hysteresis effect has been observed in the samples with alumina pores rather 
than in the SiO2 ones. The hysteresis seems to be related to the charging of the oxide upon application 
of a voltage.
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Figure 2 (online colour at: www.pss-a.com) Scheme of the fabricated
samples (left top view, right cross section).
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ABSTRACT: A novel biosensor based on single-stranded DNA (ssDNA) probe functionalized aluminum 
anodized oxide (AAO) nanopore membranes was demonstrated for Escherichia coli O157:H7 DNA 
detection. An original and dynamic polymerase-extending (PE) DNA hybridization procedure is proposed, 
where hybridization happens in the existence of Taq DNA polymerase and dNTPs under controlled reaction 
temperature. The probe strand would be extended as long as the target DNA strand, then the capability to 
block the ionic flow in the pores has been prominently enhanced by the double strand complex. We have 
investigated the variation of ionic conductivity during the fabrication of the film and the hybridization using 
cyclic voltammetry and impedance spectroscopy. The present approach provides low detection limit for 
DNA (a few hundreds of pmol), rapid label-free and easy-to-use bacteria detection, which holds the potential 
for future use in various ss-DNA analyses by integrated into a self-contained biochip.
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Fig. 1. The sketch map 
of the electrochemical 
DNA biosensor system 
and the mechanism of 
the novel polymerase- 
extending hybridization 
method (WE: working 
electrode; RE: reference 
electrode; CE: counter 
electrode).
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