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QUANTIFYING SMELL WITH NANOPARTICLES-
FUNCTIONALIZED MEMBRANE-TYPE SURFACE STRESS
SENSOR AND “DATA-DRIVEN" ANALYSIS

hromatography is

widely used for

the quantitative

identification of
specific components in mixtures
of compounds. For example,
quantifying smell requires
analysis of a complex mixture
composed of thousands of
chemical compounds. Although
chromatography systems can be
used to do so, the equipment is
usually bulky and measurement
procedures necessitate the time-
consuming process to separate
all the components into single
species.

Here, Shiba, Tamura, Imamura
and Yoshikawa at WPI-MANA,
Tsukuba, Japan, report on
combining their invention, the
Membrane-type Surface stress
Sensor (MSS), functionalized
nanoparticles, and “data-driven”
analysis to quantitatively
determine the concentration
of alcohol from smell data
contained in liquors with varying
alcohol content.

Specifically, the surface of
the MSS array was covered
with four types of silica/titania
functional nanoparticles that
adsorb different target molecules
in the test samples, and patterns
of electrical signals were
recorded.

Next, machine learning was

AN ILLUSTRATION OF THE PRESENT QUANTIFICATION OF ALCOHOL CONTENT BY THE DATA-DRIVEN

NANOMECHANICAL SENSING APPROACH.

used to analyze the massive
amounts of data obtained from
the electrical signal patterns
to establish a prediction
model for quantifying alcohol
concentration of the smell
sample.

Notably, materials more
suitable for alcohol smells
were selected based on machine
learning results, and thereby
the accuracy of prediction was
improved.

“The importance of this
research is not the fact that
we determined the alcohol
concentration, but that

this approach enables the

quantification of many other

>

arbitrary indices,” says Shiba.
“These findings have paved
the way for applications for
quantitative evaluation of
natural products, which we have
demonstrated in collaboration

with universities and industry.” B
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PAIR DISTRIBUTION FUNCTION ANALYSIS OFFERS
NEW INSIGHTS INTO THE STRUCTURE AND IDENTITY OF
NANOMATERIALS

atoshi Tominaka is a
scientist at WPI-MANA and
internationally acknowledged
for research on the
applications of pair distribution functions
(PDF) for the analysis of nanomaterials.
“The structural analysis of nanomaterials
is critical for understanding their basic
properties from a fundamentals scientific
perspective and for applications,” says
Tominaka. “My approach to attain a
deeper understanding of the purity
and structural phases of nanomaterials
is based on using PDFs. They offer
powerful insights into the structural
properties of nanomaterials and
overcoming the limitations of X-ray
diffraction analysis at the atomic scale.”
Although PDF based analysis
has a long history in the analysis of
amorphous materials, and more recently
the analysis of crystalline structures with
third generation synchrotron radiations
sources, PDF analysis of nanomaterials
is still in its infancy.
Concisely, PDF analysis yields
detailed information about the physical

relationships between distances of

THERE IS ROOM FOR FURTHER RESEARCH IN IDENTITY AND STRUCTURES OF
NANOMATERIALS, THOUGH THESE TWO ARE INVESTIGATED NATURALLY

IN CONVENTIONAL MATERIAL RESEARCH.

Sy

atom pairs—for example Au-Au in Au
crystals—and the density of the pairs in
the crystals. This information cannot be
obtained by X-ray diffractometry (XRD)
that only produce broad diffraction peaks
because it is not suitable for extremely
small crystals.

Tominaka is working with colleagues
in Japan and Europe on the development
of PDF analysis for nanomaterials
research on two main topics. First, the
analysis of the purity of nanomaterials.
“In certain materials, our PDF analysis
shows large concentrations of phases
of low symmetry or smaller particle
sizes,” says Tominaka. “The existence
of mixtures of phases in nanomaterials
is associated with the formation
of nanomaterials under kinetically
controlled conditions.”

Specific reports by Tominaka on this
topic include the properties of reduced
titanium oxide nanoparticles [1] and
the observation of unique electrical
conduction of mesoscopic cobalt
phosphide —a mesoporous semimetallic
conductor—due to the coexistence of
Co2P phases found by PDF analysis [2].

The other area of research
is exploiting the power of
PDF analysis for identifying

unknown structures have

L

?
KWhat " "’ been uncovered by using
o “5 - X-ray PDFs. “Certain
oF

materials are only stable as
nanosized structures,” says
Tominaka. “Such materials

cannot be identified based

on data from bulk materials.”

Research on materials discovery
using PDF includes new insights into
heterojunctions made of inert materials
for electrocatalysts where gold was
covered with a two-dimensional
corrugated carbon—nitrogen structure [3];
the determination of the structure of two-
dimensional boron hydride sheets which
show potential for hydrogen storage [4];
and the discovery of disordered catalytic
activity of titanate phase with TiOs
octahedral connectivity [5].

“My research is ongoing and still in
its youth,” says Tominaka. “There are
still many issues to address including
the development of algorisms for

nanomaterials analysis.” ll
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BREAKTHRUUGH IN PRINTED ELECTRONICS
ENABLES DEVICE FORMATION AT
ROOM TEMPERATURE

rinting electronic

devices and circuits

on flexible substrates

offers the possibility
of low cost, mass production of
high performance organic thin film
devices using technology such as
“roll-to-roll”.

However, conventional printing
technology necessities processing
at elevated temperatures of about
150°C, which damages flexible
substrates causing degradation of
device performance and limits the
minimum feature sizes of devices.

The high temperature step
is necessary to remove non-
conductive ligands attached to
metal nanoparticles (NP) used in
the printing ink that is used for
fabricating electrodes.

To resolve this issue Takeo Minari
and colleagues at WPI-MANA,
National Institute for Materials
Science (NIMS), Tsukuba, Japan
have succeeded in printing organic
field effect transistor (OFET) circuits
on flexible substrates at room
temperature. Importantly, the devices
show remarkable performance as
exemplified by the high average
mobility of 8 cm?V-!s-! of devices,
that is necessary for practical
applications.

Furthermore, Xuying Liu and
colleagues fabricated large-scale,
complex electronic circuits with

high resolution (1 um). The prepared
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organic thin-film transistors exhibit
a low contact resistance of 1.5 kQ
cm, and high mobilities of 0.3 and
1.5 cm?V-Is-l in the devices with
channel lengths of 1 and 5 pm,
respectively.

Kanehara, Minari and colleagues
developed so called m-junction gold
NPs (AuNPs) that are covered with
phthalocyanine conductive ligands
and do not require annealing to
produce electrical conduction after
ink printing.

Importantly, the electrical
resistivity of AuNPs is
approximately 9 x 10-¢ Q cm, which
is almost the same as pure Au. This
approach works without annealing
because the charge is transported
between nanoparticles via the
conductive ligands.

“The importance of these results

is that electronic circuit can be

formed by simply applying ink at
room temperature under normal

}}

atmospheric conditions,” says
Minari. “This breakthrough means
that circuits can be easily fabricated
on the surfaces of materials that are
sensitive to heat such as paper and
plastics. Also, printed circuits can
be produced with precision down to
one micrometer, thereby making this
a practical technology for real life

applications.” H
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