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Welcome by Prof. Dr. Peter Seitz

Dear authors and attendees,

We are delighted to have you here in Basel to participate and share in the 4% International
Symposium on Sensor Science. Thank you for coming, for reporting the results of your research
work, and for joining your peers in building together the future of sensing. We are proud and
honored that so many of you have joined your peers in Basel, and we are pleased that you have
submitted such a large number of excellent contributions. This has allowed us to select the very
best for an outstanding three-day symposium program on sensor science which you can all now
enjoy.

In effect, sensor science is the basis for the next big technological wave, the “Internet of Things”
(loT). According to a recent market study, the impending loT revolution will bring huge business
opportunities: The total market size for integrated loT sensors is estimated to be €342b in 2024,
with a CAGR of 165% during the period 2014-2024 [1]. And it is you who are creating the
foundations for this revolution with your research efforts and your exciting results, some of which
you will be sharing with us during this conference.

On behalf of the organizers of this symposium, | want to welcome you warmly to Basel, and we
would like to wish you three days of outstanding scientific presentations and discussions.

Prepare yourself to be amazed, challenged and inspired—and enjoy your stay in Basel!

Peter Seitz
Conference Chair

[1] “Sensors and Technologies for the Internet of Things—Business and Market Trends 2014-2024",
Yole Development, June 2014



Welcome by Prof. Dr. Antonio Loprieno

Dear colleagues,

In the name of the University of Basel, it is my distinct pleasure to welcome to our university and to
our city all the participants of the 4th International Symposium on Sensor Science, sponsored by the
MDPI journal Sensors. If our 555-year-old university, firmly rooted in the values of Humanism as
much as of scientific excellence in Life, Natural and Exact Sciences, has accepted the kind offer to
hold this conference under its patronage, it is because our institutional strategy for the years 2014—
2021 attributes the highest importance to translational domains of research such as yours. Thanks
to our century-old intellectual tradition, but also to the presence of a pharmaceutical industry of
global importance, of major clusters in the field of nanoscience, and of an active net of spin-offs
and start-ups, we are confident to be an ideal venue for your scientific discussions and are proud to
host you on our campus.

May your stay at the University of Basel be pleasant and productive!

With all best wishes,

Professor Antonio Loprieno
Rector
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1

General Information

The 4th International Symposium on Sensor Science (1352015) will be held from the 13th to the 15th
of July 2015 in Basel, Switzerland. It will comprise five plenary sessions and one afternoon with
three parallel sessions to cover the most exciting aspects and the latest developments in sensor
science.

1.1

1.2

Conference Topics

Sensor technology and new sensor principles

Electrochemical sensors/biosensors

Electrical and thermal-based sensors

Mass-sensitive and fiber-optic sensors

Optoelectronic and photonic sensors

Gas sensors

Sensor applications for food industry, medicine, pharmacy, environmental monitoring,
corrosion, etc.

Sensor devices and sensor arrays/nanosensors

Analytical methods, modeling, readout and software for sensors
Neurosensors

Sensor networks

Conference Venue

Biocenter/PharmaCenter
Universitat Basel
Klingelbergstrasse 50, CH-4056 Basel, Switzerland

1.3

Registration Desk

Sunday, 12 July 2015
12:00-17:00

13 July-15 July 2015
07:30-17:30

Direct Telephone Line: +41 61 267 20 06

1.4 Wireless Internet Access

WLAN: unibas-event
Login: eventbzpz
Password: 4isSS-2015!



1.5 Directions and Map

1.6 Switzerland and the Tri-Region

Basel lies in the heart of Europe, on both banks of the Rhine. The city is the center of the idyllic
border triangle of France, Germany and Switzerland—lying between the Swiss Jura, Germany’s
Black Forest and the Vosges in Alsace.

Basel is so easy to get to. Only a 10-minute drive from the city center, Basel’s EuroAirport is served
by a number of international airlines. Together with neighbouring Ziirich Airport, it enjoys
connections to all European airports and to more than 200 intercontinental destinations.

Located in the center of Europe, Basel is a major transportation hub. Its three railway stations not

only offer excellent connections to far and wide but are also all situated in the very heart of the city.
Source: www.basel.com

1.7 Basel

Where the Rhine, one of Europe’s most important waterways, bends north and flows out of
Switzerland towards the North Sea lies the charming city of Basel. This exceptional location at the
heart of the three-country-triangle that joins Germany, France and Switzerland is what lends Basel
its openness, economic strength and cultural diversity. Source: www.bs.ch

1.8 Best Connections

As far back as the Middle Ages, Basel became a major transportation hub thanks to its location on
the Rhine and in the center of Europe. And still today, there is no way around Basel: The city lies at
the intersection of the German and French rail and road networks. The trinational EuroAirport
Basel-Mulhouse-Freiburg and the Rhine port connect Basel with the world. Source: www.bs.ch



1.9 Dynamic Economy

Again thanks to the Rhine, Basel developed into a prosperous center for commerce and trade fairs
early on. Today, this city with a total area of only 37 square kilometres, inhabited by 200,000 people
from 160 countries, is at the heart of the most dynamic economic region in Switzerland. Source:

www.bs.ch

1.10 Fair Weather City

Next to the rich cultural offerings (museums with a global reputation, theater and concert halls,
renowned architecture), the weather adds to the high quality of life: Nestled comfortably in the
Rhine valley, Basel enjoys many more days of sunshine than the towns in central Switzerland. Source:

www.bs.ch

1.11 The University of Basel

The University of Basel has an international reputation of outstanding achievements in research
and teaching. Founded in 1460, the University of Basel is the oldest university in Switzerland and
has a history of success going back over 550 years.

As a comprehensive university offering a wide range of high-quality educational opportunities, the
University of Basel attracts students from Switzerland and the entire world, offering them
outstanding studying conditions as they work towards their bachelor’s, master’s or PhD degrees.
Today, the University of Basel has around 13,000 students from over a hundred nations, including
2,700 PhD students. The University of Basel has seven faculties covering a wide spectrum of
academic disciplines. At the same time, the university has positioned itself amidst the international
competition in the form of five strategic focal areas: Life Sciences, Visual Studies, Nanosciences,
Sustainability and Energy Research and European and Global Studies. In international rankings, the
University of Basel is regularly placed among the 100 top universities in the world thanks to its
research achievements. Source: www.unibas.ch

1.12 Biocenter/PharmaCenter

The Biozentrum (Biocenter), is the largest department at the University of Basel’s Faculty of Science.
The primary focus of this interdisciplinary institute is basic molecular and biomedical research and
teaching. The Biozentrum holds a leading position nationally and internationally and closely
networks with partners from the academic world and industry.

In 1971, at the time when the Biozentrum was founded, the visionary concept of developing an
interdisciplinary research facility was unique. Today, some 40 years later, the success of this
interdisciplinary approach to molecular and biomedical research remains evident. It continues to
be the Biozentrum's greatest strength, along with its excellent facilities providing leading
technologies and its highly motivated staff.

The Biozentrum is home to 30 research groups. These scientists, representing more than 40 nations,

are engaged in investigating the molecular basis of biological processes. Their work covers a broad

spectrum of activities, the scientific research is wide-ranging: How does a cell develop, how does it

function and how are all its vital processes regulated? Can we make computer assisted models of

these processes? How does a stem cell know what to become? How does a blood vessel form or

the nervous system develop and how does the body defend itself against bacterial infections? Could
10



the findings lead to new approaches in the treatment of serious diseases such as muscular diseases,
Alzheimer's disease or cancer? Producing more than 200 scientific publications each year, the
Biozentrum is regularly rated in the top 25% of the world rankings. Research at the Biozentrum is
grouped into five major focal areas: Growth and Development, Infection Biology, Neurobiology,
Structural Biology and Biophysics, as well as Computational and Systems Biology. These research
areas, however, are not strictly separated from each other; new and relevant questions often arise
at the overlap between the research fields, while the collaboration between teams and the
expertise of each respective area leads to innovative solutions. This has contributed greatly to the
scientific success of the Biozentrum. Both its funding and infrastructure make the Biozentrum
internationally highly competitive and ensures research of the highest level.

The Biozentrum enjoys an excellent reputation for its scientific training, both nationally and
internationally. Students are integrated into a research environment from the start of their
academic career and gain first-hand experience of life as a scientist. Being able to link education
with research makes the Bachelor’s and Master’s degree programs at the Biozentrum particularly
attractive for many aspiring students. PhDs and postdocs, on the other hand, benefit from the
Biozentrum’s scientific success and the intensive, individual supervision.

The PharmaCenter Basel, The University of Basel Translational Science Platform, is the
interdisciplinary center for excellence at the University of Basel. The PharmaCenter Basel aims to
establish a leading research and teaching community in drug development, drug therapy and drug
safety. Together with partners from the industry, the PharmaCenter Basel plans to translate

increased knowledge about the molecular basis of disease into improved therapies.
Sources: www.biozentrum.unibas.ch and https://pharmacenter.unibas.ch/
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1.13 Location
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1.14 How to Reach the Venue
Public Transport

From EuroAirport Basel Mulhouse Freiburg (15 minute journey)

Take the airport bus (No. 50) to the Kannenfeldplatz stop, where you have to change onto a No. 31,
36 or 38 bus going in the direction of Schifflinde/Habermatten or Wyhlen Siedlung. Get off at the
next stop, Metzerstrasse, and cross the road to the Biocenter/PharmaCenter.

From the Basel SBB (Swiss) and SNCF (French) train station (15 minute journey)
Take a No. 30 bus to the Kinderspital UKBB (children’s hospital) stop and cross the road to the
Biocenter/PharmaCenter—see Google Maps.

From the Badischer Bahnhof (German) train station: (10 minute journey)
Take a No. 30 bus to the Kinderspital UKBB (children’s hospital) stop, and then walk to the
Biocenter/PharmaCenter—see Google Maps.

By Car

Within Switzerland

Leave the expressway in the direction of the Unispital, drive through the tunnel and then across the
viaduct. Keep on the main road, passing Spalentor, and carry straight on over the traffic lights. Turn
left after about 500 m. The Biocenter/PharmaCenter is then on the right-hand side.

From France

After driving over the border in Saint-Louis, drive towards Basel-Kannenfeld as indicated. Stay on
the main road (direction city), go straight on around the roundabout (direction city) and, after about
500 m, take the left-hand lane at Kannenfeldplatz. After only a few meters, take the right-hand lane
and turn into Metzerstrasse. The Biocenter/PharmaCenter is then about 300 m ahead.

From Germany

Leave the expressway at exit Basel-St. Johann. After the tunnel, carry straight on for about 150 m.
Turn left into Elsdsserstrasse (direction city) and then, after 550 m, right onto St. Johanns-Ring
(direction Augenspital). 300 m farther on, turn left into Klingelbergstrasse. The
Biocenter/PharmaCenter is then on the left-hand side. Source: www.biozentrum.unibas.ch

14



1.15 Inside the Biocenter/PharmaCenter
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1.16 Conference Dinner
Tuesday, 14 July 2015, 18:00

The conference dinner will take place at the Kunst- und Kulturhaus BRASILEA in the middle of the
three border triangle. After the conference you will be guided to a nearby dock and transported by
a boat taxi on the Rhine.

Kunst- und Kulturhaus BRASILEA

The ship engine factory was built in the middle of the border triangle with France and Germany in
1963. Its position is inside a green corridor parallel to the Rhine river. The far overhanging crane
works as a significant time-witness and as a landmark of the building and the harbour. The
building is solely orientated and open towards the river through horizontally rows of windows.
Two materials arrange and assign the appearance: Reinforced concrete is used for the ground
floor and translucent fibreglass is used for the build-up of the facade cover. The new dress
glimmers, glitters and reflects due to light intension and position. The locations abrasive industrial
character keeps on conserved. Raw materials were used consciously for renovation to do justice
to primary use as well as to new cultural and art needs. Simplicity and robustness are part of our
concept credo to understand architecture as a daily article of use. The esthetic effect is a sensible
staging who distributes an industrial elegance to the premises and simultaneously demonstrates
the changing port area. Source: www.brasilea.com

ALK
.‘.._%»%. ,,:,_l

Returning to the Hotel

After the Conference Dinner, a private shuttle will take you back to the city center.

16



1.17 Visiting Basel and Dining Out

It is not easy to describe Basel in a few words. Descriptions for example such as “cultural city of
Switzerland” or “University town” are merely an attempt to give some sort of impression of the
wealth of culture, history, relaxation and enjoyment to be found in the city. Whether it is a visit to
one of the numerous museums, a dip in the Rhine or an evening at the theater, allow yourself to be
inspired by the joys that await you in Basel. We hope you have a fantastic time here in Basel.

Art and Culture
Fondation Beyeler—www.fondationbeyeler.ch

In building Renzo Piano’s museum in 1997, the Fondation Beyeler made its collection accessible to
the public. The 250-odd works of classic modernism reflect the views of Hildy and Ernst Beyeler on
20th-century art and highlight features typical of the period: from Monet, Cézanne and van Gogh
to Picasso, Warhol, Lichtenstein and Bacon. The paintings appear alongside tribal art from Africa,
Oceania and Alaska.

Museum Tinguely—www.tinguely.ch

Situated directly on the Rhine, the Museum Tinguely, built according to plans by the Ticinese
architect Mario Botta, houses the greatest collection of works by Jean Tinguely (1925-1991), one
of the most innovative and important Swiss artists of the 20th century. The permanent exhibition
presents a survey of his oeuvre spanning four decades. Special exhibitions show a wide range of
artists and subjects including Marcel Duchamp and Kurt Schwitters who influenced Tinguely
significantly, companions such as Arman, Niki de Saint Phalle, Yves Klein as well as current art trends
along Tinguely’s ideas.

Vitra Design Museum—www.design-museum.de

The Vitra Design Museum numbers among the world’s most prominent museums of design. It is
dedicated to the research and presentation of design, past and present, and examines its
relationship to architecture, art and everyday culture. In the main museum building by Frank Gehry,
the museum annually mounts two major temporary exhibitions. In conjunction with our alternating

exhibitions, the Vitra Design Museum offers a variety of workshops and guided tours. Source:
www.basel.com/en
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Suggestions of Restaurants in Basel—www.basel.com
Kohlmanns—www.kohlmanns.ch

It smells of fire, wood and freshly baked goods. The restaurant with its modern oak furniture is
extremely cosy and is situated right at the Barflsserplatz. KohiImanns offers hearty Swiss and
surprising regional specialities.

Brasserie au Violon-www.au-violon.com
Lively brasserie with traditional and seasonal French cuisine served in a former prison.
Zum Braunen Mutz—www.braunermutz.ch

The traditional tavern with bar and restaurant. Here you will meet original Basel locals of all
generations.

Der vierte Kénig-www.weinwirtschaft.ch

In the restaurant Der vierte Kénig you will find freshly cooked meals and a fine selection of bottled
wines from all over the world—also available by the glass.

Kunsthalle-www.restaurant-kunsthalle.ch

The traditional restaurant Kunsthalle, where “Tout Bale” feels at home serves seasonal delicacies.
Kdifer Stube cuisine des alpes—www.kaefer-schweiz.ch

Gourmet restaurant with regional products from all the alpine countries.

Cheval Blanc-www.lestroisrois.ch

Refined seasonal cuisine and a selected wine list. Awarded with 19 points Gault-Millau and two
Michelin stars. Summer terrace with a great view of the Rhine.

Chez Donati-www.lestroisrois.com

For more than 50 years, the Chez Donati is an esteemed institution and the essence of fine Italian
table culture in Basel.

Brasserie Les Trois Rois—www.lestroisrois.com

The relaxed atmosphere and Swiss and French brasserie specialities make the city restaurant in the
Les Trois Rois, a 5-star-superior deluxe hotel, a popular all-day rendezvous.

Atelier (Der Teufelhof)-www.teufelhof.com

The restaurant charms by its modern and inspiring ambience. Enjoy a modern international cuisine
with predominatly Swiss and regional products.

Les Quatre Saisons—www.lesquatresaisons.ch

Treat yourselfto some culinary delights in the newly renovated Restaurant Les Quatre Saisons. Head
chef Peter Moser and his team apply a fresh sense of inspiration and a high level of commitment to
their dishes, bringing together all of the elements necessary to create their unique cuisine—
ingredients fresh from the market, original recipes and a great deal of passion.

18



Suggested Events
Disney The Lion King—www.thelionking.ch

Be transfixed by powerful African rhythms, the warm glow of the Serengeti and timeless hits
including «Circle of Life» and «Can You Feel the Love Tonight» by Sir Elton John and Sir Tim Rice.
Experience the magnificent musical about Simba and his adventurous journey from innocent lion
cub to King of the Pridelands in its English original production.

Holbein. Cranach. Griinewald. Masterpieces from the Kunstmuseum Basel —
www.kunstmuseumbasel.ch/en

If the Kunstmuseum Basel enjoys global renown today, this is essentially due to its collection of
works by Hans Holbein the Younger, the world’s largest in a single museum. It was in Basel that
Holbein’s genius achieved full realization. The treasure of pictures he left behind also inspired the
city’s residents who successively enlarged the collection with masterpieces of the late Middle Ages
and the Renaissance.

Cézanne to Richter. Masterpieces of the Kunstmuseum Basel-www.kunstmuseumbasel.ch/en

Basel's public art collection is of outstanding importance, especially in terms of the late 19th century
and classical modernism.

The large Oberlichtsaal and adjacent rooms of the Museum fiir Gegenwartskunst (Museum of
Contemporary Art) is staging masterpieces from Paul Cézanne to Gerhard Richter. This wide-ranging
overview vividly illustrates the main artistic developments in European painting up to the 1970s.
The chronology serves as a guide to the 70 or so works which are less a didactic sequence of artistic
movements and more a simultaneity of otherness that characterizes the modern period. The first
works are by French artists who were seeking new visual languages beyond academic painting. The
work by Paul Cézanne stands as an example of dogged artistic research.

... and if you intend to stay longer

Basel Tattoo—www.baseltattoo.ch

This top-quality musical event features bagpipes, brass bands and traditional folk dancing with top
dance troupes from around the world and delights both young and old in equal measure. The Basel
Tattoo guarantees a sensational and perfect show with the best formations, which will thrill the

audience into standing ovations.
Source: https://ueber.basel.com/en/event/basel-tattoo-0
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Summer in Basel

Summer Bars in Basel-www.basel.com/en/summer-openings-basel
The Rhine is Life—~www.basel.com/en/portrait/rhine-life
Parks and Gardens - www.basel.com/en/sommer_in_basel/park_und_gaerten

1.18 Emergency Information

) Notruf

SOS| seriaamers

R Distress call

3
Feuerwehr 1 1 B
Sapeurs-Pompiers A
Vigili del fuoco 2

Fire

Poltrel ::vnlle'. sanitaire 144
Polfe_. Emergenza sanitaria
Flolizia Ambulance
e Police
Other useful numbers
Medical Emergency Center +41 (0) 61 261 15 15

REGA air rescue service 1414
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2 Scientific Program

2.1 Program at a Glance

Monday, 13" July

Tuesday, 14" July

Wednesday, 15" July

Check-in
: ) Remote &
Conference Opening ) Photonic .
Chemical Sensors ) Micropower | Neurosensors
Sensors Sensing
Sensors
Breakthroughs
. Coffee Break Coffee Break Coffee Break
Morning
) Remote &
Sensors ] Photonic ]
Chemical Sensors ) Micropower | Neurosensors
Breakthroughs Sensing
Sensors
Lunch & Lunch & Lunch &
Poster Session Poster Session Poster Session
(odd) (odd) (even)
Single Chip Sensors ]
] ) i-net Technology
Biosensors Extreme Sensing and Sensor
Workshop
Networks
Coffee Break Coffee Break Coffee Break
Single Chip Sensors )
Afternoon ] ] i-net Technology
Biosensors Extreme Sensing and Sensor
Workshop
Networks

Poster Session

(even)

Conference

Dinner

Closing Remarks

21




2.2 Detailed Program

Monday, 13 July 2015

07:00-09:00
09:00-09:05
09:05-09:10
09:10-09:15

09:15-12:30

Session Chair:

09:15-10:00
10:00-10:30

10:30-11:00

11:00-11:30

11:30-11:45

11:45-12:00

12:00-12:30
12:30-14:15

14:15-18:00

Session Chair:

14:15-15:00
15:00-15:15

15:15-15:30

15:30-16:00

16:00-16:30
16:30-17:00

17:00-17:15

17:15-17:30

17:30-18:00

18:00-19:30

Check-in & Welcome Coffee

Welcome by Guy Morin—President of the Government of the Canton of Basel-Stadt
Welcome by Huangxian Ju—/352004 Conference Chair

Conference Opening by Peter Seitz—/352015 Conference Chair

Session 1: Sensors Breakthroughs

Debbie G. Senesky
Roland Horisberger—Supreme Sensing to Answer the Ultimate Questions of Physics
Christof Fattinger—Focal Molography: The Coherent Detection of Biomolecular
Interactions
Coffee Break & Networking
Vladimir M. Mirsky—Ultrasensitive SPR-Sensors
Logan S. Marcus—Photoacoustic Spectroscopy-Based Sensor Platforms: Trace Gas
Sensing and Standoff Detection of Solid Materials (selected from abstracts)
Torsten Wagner—From the Light-Addressable Potentiometric Sensor towards a Fully
Integrated (Bio)chemical Sensor Platform (selected from abstracts)
Evgeny Katz—Binary Operating Biosensors Based on Biocomputing Systems

Lunch & Poster Session (odd numbers)

Session 2: Biosensors

Michael J. Schéning
Huangxian Ju=Signal Amplification Strategies for Biosensing
Tal Yoetz-Kopelman—-Amperometric Bacterial Biosensor for Screening of Cytochrome
P450 Inhibitors (selected from abstracts)
Laurent A. Francis - An Integrated Capacitive Array Biosensor for the Selective and
Real-Time Detection of Whole Bacterial Cells (selected from abstracts)
Spas Dimitrov Kolev—Paper-based Microfluidic Sensors for Environmental Monitoring
and Analysis
Coffee Break & Networking
Gary Zabow-Dynamically Morphing Magnetic Complexes as new RF-Based
Nanosensors (selected from abstracts)
Arshak Poghossian—Label-Free Detection of DNA Molecules by their Intrinsic
Molecular Charge using Field-Effect Sensors Modified with a Positively Charged
Weak-Polyelectrolyte Layer (selected from abstracts)
Alexander Star—Chemical and Biological Sensing with Carbon Nanostructures
Muthukumaran Packirisamy—Nanostructures Integrated Optofluids Chips for the
Detection of Proteins (selected from abstracts)

Poster Session (Even Numbers)
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Tuesday, 14 July 2015

08:15-12:30

Session Chair:

08:15-09:00

09:00-09:15

09.15-09.30

09:30-10:00

10:00-10:30

10:30-11:00

11:00-11:15

11:15-11:30

11:30-12:00

12:00-13:45

13:45-17:30

Session Chair:

13:45-14:30
14:30-15:00
15:00-15:15

15:15-15:30

15:30-16:00

16:00-16:30

16:30-17:00

17:00-17:30
18:00

Session 3: Chemical Sensors

Peter Hauser
Tatsuo Yoshinobu—Recent Developments and Applications of the Chemical Imaging
Sensor Systems
Karine Bonnot—The Sensitive Detection and Identification of RDX and PETN Explosives
Vapors by Measuring Their Thermal Signature When Desorbing or Decomposing the
Explosive Inside a Porous Material (selected from abstracts)
Kohji Mitsubayashi—Sniff-Camera For Imaging of Gazeous Ethanol From Palm Skin
After Drinking (selected from abstracts)
Dermot Diamond—Chemical Sensing Based on Biomimetic Principles
Coffee Break & Networking
W. Rudolf Seitz—Ratiometric Fluorescent Indicators for Metal lons and Polar Organics
based on the Poly-N-isopropylacrylamide Thermal Phase Transition
Johan Stiens - Change Detection in (Bio)chemical Liquids with Ultrasensitive Label-
Free and Immobilization-Free Sensors Operating the GHz-THz Range (selected from
abstracts)
Eloisa Gallegos-Arellano—Simultaneous CO and CO; Gas Sensor based on a Single
Fabry-Perot Interferometer (selected from abstracts)
Fabien Josse—Design of Sensor Coatings with High Sensitivity to Benzene and Long-
Term Stability for Groundwater Monitoring Applications (selected from abstracts)

Lunch & Poster Session (odd numbers)

Session 4: Extreme Sensing

Roland Moser
Debbie G. Senesky—Micro- and Nano-scale Sensors for Extreme Harsh Environments
Michael J. Schéning—Thin-Film Sensors for Monitoring Aseptic Food Processes
Yacine Halfaya—High Sensitivity NO, NO, and NHs; HEMT Based Sensor for Diesel
Exhaust Systems (selected from abstracts)
Thierry Laroche—Surface Acoustic Waves Sensors on Langasite Substrates for High
Temperature Measurements (selected from abstracts)
Xueji Zhang—New Strategy for microRNA Detection
Coffee Break & Networking
Adrian M. lonescu—Tunnel FET Sensors: Breaking Sensitivity and Energy Efficiency
Limits for Integrated Transducers
Juerg Leuthold—Photonic Probing with Memresistive Devices

Conference Dinner
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Wednesday, 15 July 2015

08:15-12:00

Session Chair:

08:15-09:00
09:00-09:30

09:30-10:00

10:00-10:30

10:30-11:00

11.00-11.15

11:15-11:30

11:30-12:00

12:00-13:45

08:15-12:00

Session Chair:

08:15-09:00
09:00-09:30

09:30-10:00

10:00-10:30

10:30-11:00

11:00-11:30

11:30-12:00

12:00-13:45

Session 5.1: Photonic Sensing

Hans Peter Herzig
Christian Pedersen—Room-Temperature Mid-Infrared Single Photon Spectral Imaging
Vittorio M.N. Passaro—Silicon on Insulator Vernier Devices for High Performance
Photonic Sensing in the Near-IR and Mid-IR
Vanessa Wood-Infrared Wavelength Quantum Dot-based Sensing
Coffee Break & Networking
Markus Werner Sigrist—Mid-Infrared Laser Spectroscopic Chemical Sensing
Raphael Florin Tiefenauer-Simultaneous Electrical and Plasmonic Sensing with Gold
Nanostructures: Device Fabrication and Applications (selected from abstracts)
Simas Rackauskas—Flexible and transparent UV sensor from ZnO tetrapods (selected
from abstracts)
Andrea Fiore - Light Sensing at the Quantum Limit: Measuring from One to Twenty
Photons

Lunch & Poster Session (Even numbers)

Session 5.2: Remote and Micropower Sensors

Assefa Melesse
Leonhard Reindl-Power Supply for Wireless Sensor or Actuator Systems
Assefa M. Melesse—Sensors and Role of Remote Sensing in Coastal and Wetland
Studies
Marcin Kafarski-Porous Corundum Plate Sensor for Atmospheric Water Deposits'
TDR Measurements (selected from abstracts)
Coffee Break & Networking
Agnieszka Szyptowska—Determination of Complex Dielectric Permittivity Spectra
from the Analysis of Electrical Signal Reflection in Transmission Lines of Various
Lengths (selected from abstracts)
Mehran Safdar—A Mobile Vehicle Weight Sensor and its Application in Transportation
(Case Study: Municipal Solid Waste Collection Vehicles) (selected from abstracts)
Andrzej Wilczek—Impact of the TDR Pulse Width on the Reflection Amplitude and its
Dependence on Soil Dielectric Loss and Electrical Conductivity (selected from
aAbstracts)

Lunch & Poster Session (Even numbers)
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08:15-12:00

Session Chair:

08:15-09:00
09:00-10:00

10:00-10:30

10:30-11:00

11:00-11:30

11:30-12:00

12:00-13:45

13:45-18:15

Session Chair:

13:45-14:30

14:30-15:00
15:00-15:15

15:15-15:45

15:45-16:15

16:15-16:45

16:45-17:15

17:15-17:30

17:30-18:00

18:00-18:15

14:15-17:30

14:15-14:25

14:25-14:50

14:50-16:30

16:30-17:00

17:00-17:30

Session 5.3: Neurosensors

Patricia A. Broderick
Stéphanie P. Lacour—Soft Transducers to Communicate with the Nervous System
Patricia A. Broderick—Nanobioimaging: Personalized Medicine in Real Life is Here.
Nanotechnology Meets the Brain.
Coffee Break & Networking
Christian Peter Brandli—-Neuro-Inspired, Event-Based Vision Sensors
Federico Picollo-Diamond-Based Electrochemical Sensor: A Multi Electrode Array for
Simultaneous Detection of Quantal Exocytic Events from Neuroendocrine Cells
(selected from abstracts)
Yusuf Leblebici-3D Microelectrode Arrays for Neuro-Sensing: Read-Out Circuit
Design and Hybrid 3D Integration

Lunch & Poster Session (Even numbers)

Session 6: Single Chip Sensors and Sensor Networks

Patrick Thomas Eugster
Andrew J. de Mello—Droplet-Based Microfluidics: Towards Ultra-High Throughput
Experimentation
Christian Schénenberger—Silicon Nanowire lon Sensitive Field Effect Transistor
Denis Sallin—A CMOS Compatible Photodetector with Intrinsic Light-to-Time
Conversion for Low Light Applications (selected from abstracts)
Eduardo Franzi-Smart Image Sensors for Metrology Applications
Coffee Break & Networking
Patrick Thomas Eugster—Towards a Robust Internet of Things: the Case of Wireless
Sensor Networks
Thomas Watteyne—From Smart Dust to 6TiSCH: Building the Industrial Internet of
Things
Chih-Yu Wen—Energy-Efficient Scheduling with Compressed Sensing for Distributed
Target Tracking (selected from abstracts)
Jean-Dominique Decotignie—Wireless Sensor Networks, Real-Time and Low
Consumption: Lessons Learned

Closing Remarks—Announcement of the “Best Poster”

Session 7: i-net Technology Workshop
«Sensors - Trends, Exchanges and Collaborations»
Welcome & Introduction: Dr. Ralf Diimpelmann, i-net
Highlights of the Symposium: Prof. Dr. Peter Seitz, Conference Chair
Interactive Working Groups “Introduction and Exchange in a Dynamic and Changing
Atmosphere”
Harvesting: Collecting and presenting conclusions, project ideas or collaborations.
Proposals of follow-up actions.

End of i-net Workshop
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Session 1: Sensors Breakthroughs

Supreme Sensing to Answer the Ultimate Questions of Physics
Roland Horisberger
Paul Scherrer Institute (PSl) / ETH Ziirich, Switzerland.

The quest to understand the fundamental physical behavior of matter requires the observation of
newly created elementary particles by colliding protons at the highest energies possible. The Large
Hadron Collider (LHC) at CERN is designed to collide protons at the world’s highest achieved energy
of 13 TeV. The induced physics processes allow to observe and test on a fundamental level, the
currently best available theoretical description, the Standard Model (SM) of particles and forces.
The experimental observations of the induced particle reactions require the development and
construction of sensing detectors that are able to measure precisely the position and momentum
of the emerging particles under extreme conditions and unprecedented data rates. The Compact
Muon Solenoid Experiment (CMS) at LHC has at its innermost radius a pixel particle detector that is
crucial to the reconstruction of the induced particle physics reactions. The design and conception
of the CMS pixel detector is described as well as its performance that has been crucial in the
observation of the newly discovered Higgs Boson. The successful application of this new and
supreme detector technology in the field of protein crystallography has been an outstanding
success story on how fundamental physics research can cross-fertilize into the field of molecular
biology.
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Focal Molography: The Coherent Detection of Biomolecular Interactions

Christof Fattinger

Roche Innovation Center Basel, Basel, Switzerland.

Focal molography is based on the scattering of coherent light by coherently assembled molecules
that are linked to a biocompatible monolithic layer on the surface of a chip [1, 2]. Because only
coherently arranged molecules contribute to the molographic signal, focal molography is much less
affected by nonspecific bindings, medium composition, and solvent exchanges than refractometric
label-free detection methods (e.g., surface plasmon resonance (SPR), interferometric detection
schemes) are. Background scattering by randomly attached molecules can be easily separated from
the detected coherent signal. Submicron photolithography is well-suited for the preparation of
molograms on the surface of a chip. A mologram represents a phase object with minuscule phase
contrast. The optical detection of loosely packed biomolecules in the mologram is accomplished
through the dark-field illumination of the mologram with coherent light, which yields a diffraction-
limited focal spot, the focus of the mologram. From all other observation points, the mologram is
perfectly transparent. Focal molography is applicable to all assays in which molecular recognition
and binding are of prime interest. The coherent detection principle enables the analysis of
biomolecular recognition and binding processes at low receptor occupancy in a complex biological
environment. This opens up new perspectives and possibilities in the analysis of non-covalent
interactions involving known or unknown biomolecules. The talk introduces the fundamentals of
focal molography and describes the light-controlled synthesis of the modulated molographic
binding pattern on a monolithic brushed-polymer layer. The talk discusses promising applications
of the new analytical method, e.g., novel ways of performing sensitive real-time immunoassays,
proteomics, transcriptomics on a chip, and the development of diagnostic tests at the point of care.
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Ultrasensitive SPR-Sensors

Vladimir M. Mirsky

Brandenburgische Technische Universitét Cottbus, Senftenberg, Germany.

Surface plasmon resonance (SPR) is currently the mostly used transducing technology applied in
label-free biosensing. It belongs to refractometry: analyte adsorption onto immobilized receptor
molecules leads to an increase of refractive index which is detected as a shift of resonance
conditions of surface plasmons. An important task of the improvement of SPR technique is a
separation of a signal corresponding to the changes in the surface layer from an undesired
contribution caused by volume phase (for example due to fluctuations of temperature,
concentrations of solutes or pressure) and a suppression of the contribution of the volume effects.
A number of different approaches of self-referencing SPR measurements, mainly the ones
developed in our group, will be discussed and compared. One approach ("distributed referencing")
is based on SPR-microscopy of a surface with microstructured sensing and referencing spots:
instead of single macroscopic reference spots, numerous miniaturized reference spots placed
between miniaturized sensing spots are used. During the signal processing, the signals from
numerous reference and sensor spots are taken into account. This leads to a decrease of
fluctuations of temperature (as well as of the pressure, reagent concentrations) to the level of these
fluctuations between two miniaturized sensing and reference spots while the total area of the spots
remains macroscopic thus suppressing noise sources caused by miniaturization of the sensor
surface. Another approach (Penetration Difference Self Referencing Surface Plasmon Resonance -
PDSR-SPR) is based on the sharp decay of evanescent field and on its strong dependence on the
wavelength of the incident light. This technology was realized as an integral technique and as an
SPR-imaging. The third approach is based on application of integral SPR measurements to specially
designed microstructured surfaces. The measurement is performed at the incidence angle
corresponding resonance conditions for the patterned surface. The intensity of the reflected light
measured at such conditions corresponds to the difference of signals coming from sensing and
referencing areas. This self-referencing approach is applicable in a wide range of existing SPR
devices with Kretschmann configuration.Theoretical analysis and subsequent computer simulation
and optimization of this technique indicate a possibility of over 20-times suppression of the
contribution of the volume effect. Experimental tests result in some smaller values - about 10-15
times suppression was obtained. Finally, an application of surface plasmon microscopy for
detection and analysis of single nanoparticles will be discussed. This new technology was developed
within FP7 project “NANODETECTOR”. A number of the nanoparticle—surface binding events per
time unit characterizes volume concentration of nanoparticles. A large value of the resonant surface
allows us to detect many hundreds events in each frame, this leads to a very high dynamic range of
counting and correspondingly to a high dynamic range in the concentration scale. Depending on the
type of nanoparticles and experimental conditions, the detection limit for aqueous samples can be
so low as 10 - 1000 nanoparticles per microliter. Characteristic SPR images of nanoparticles allows
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us to study heterogeneity of nanoparticles and can be used as a finger prints for identification of
different types of nanomaterials. Chemical modification of the plasmonic surface as well as changes
of pH or ionic strength influence on the interaction of nanoparticles with surface and can be used
as additional parameters to evaluate this interaction and to distinguish between different types of
nanoparticles.
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Photoacoustic Spectroscopy-Based Sensor Platforms: Trace Gas Sensing
and Standoff Detection of Solid Materials

Logan S. Marcus, Ellen L. Holthoff, Paul M. Pellegrino.
U.S. Army Research Laboratory, USA

Photoacoustic spectroscopy (PAS) is a versatile and sensitive chemical sensing method. This
versatility allows for the construction of focused sensors that are optimized for specific sensing
tasks. Current research underway at the U.S. Army Research Laboratory (ARL) is directed towards
two fronts; gaseous hazard detection and ranged interrogation of layered solid samples. The
common point of the two sensing tasks is the excitation source. Commercial quantum cascade
lasers (QCLs) offer broad wavelength tuning ranges in ever decreasing package sizes, and operate
in the appropriate modes of modulation needed to drive PAS. We discuss QCL technology in relation
to the construction of a compact gaseous sensor platform based on microelectromechanical
(MEMS)-scale photoacoustic (PA) cells. The use of MEMS-scale cells allows for the miniaturization
of the PA sensor, which leads to greater sensor portability and flexibility while maintaining
detection sensitivity. We also discuss standoff PA investigation of layered solid samples comprised
of a thick substrate topped with a thin layer of energetic material. The current sensing paradigm
uses an interferometer to measure the PA signal, and that signal lends insight into the mechanical
and optical properties of the sample. Finally, the different operating modes (i.e., pulsed or
continuous wave (CW) modulated) of the excitation laser source (QCL) will be examined.
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From the Light-Addressable Potentiometric Sensor towards a Fully
Integrated (Bio)chemical Sensor Platform

Torsten Wagner 12, Frederik Carl Werner 3, Ko-ichiro Miyamoto 3, Tatsuo Yoshinobu 4,
Michael J. Schéning 2

I Institute of Nano- and Biotechnologies, FH Aachen, Germany. 2 Peter Griinberg Institut PGI-8,
Research Center Jiilich GmbH, Germany. 3 Department of Electronic Engineering, Tohoku University,
Japan. # Department of Biomedical Engineering, Tohoku University, Japan.

With the release of small, affordable and powerful enough system-on-chip (SoC)-designs, current
research and development trends towards the design of fully integrated miniaturised sensor
systems. Such units contain the sensor itself and an analogue front-end for the sensor supply and
read-out. Furthermore, they include a SoC-based digital unit to control measurement sequences
and to analyse the obtained sensor raw data. Finally, they hold a digital back-end to link up the
sensor unit, enabling communication within a network of other devices. As a semiconductor-based
(bio-)chemical sensor, the light-addressable potentiometric sensor (LAPS) is suited to the design of
miniaturised and microelectronic compatible sensor systems. The read-out mechanism relies on a
spatially resolved current, induced by a light beam. The amplitude of this photo-current depends
eventually on the ion concentration at the sensor surface of the illuminated region. Thereby,
moving the light source or changing the light beam geometry enables the user to address individual
parts of the sensor surface, or to adjust the measurement spot geometry easily. It was
demonstrated that this unique feature can be utilised to create arrays of measurement sport
arrangements for a set of different analytes. Moreover, one can scan the entire sensor surface to
compose chemical images of the ion concentration distributions at the sensor surface.
Nevertheless, until recently, the complex read-out sequence, the recording of a photo-current in
the nano-ampere range and the handling of a LAPS-chips required a good amount of experience
and theoretical knowledge. Furthermore, a set of expensive laboratory equipment was needed to
build-up a suitable measurement environment for LAPS research. Thus, within the last years, the
authors focused on the design of fully integrated and miniaturised LAPS-based (bio-)chemical
sensor units. These include SoC-based automated measurement procedures and data evaluation,
which enables users of different disciplines to perform LAPS-based measurements easily and in a
straightforward manner. This work will present the last ten years of the authors' LAPS
investigations. It will provide an insight into how to come from a general bench-scale sensor
principle to constructing a fully integrated measurement platform, for a wide range of possible
(bio)chemical sensing applications.
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Binary Operating Biosensors Based on Biocomputing Systems
Evgeny Katz
Clarkson University, Department of Chemistry and Biomolecular Science, USA.

This talk overviews recent advances in biomedical applications of enzyme-based logic systems,
particularly for the analysis of pathophysiological conditions associated with various injuries. Novel
biosensors digitally processing multiple biomarker signals produce a final output in the form of
YES/NO responses through Boolean logic networks composed of biomolecular systems. The
biocomputing approach applied to biosensors leads to high-fidelity biosensing compared to
traditional single-analyte sensing devices. By processing complex patterns of multiple physiological
biomarkers, such multi-signal digital biosensors should have a profound impact on the rapid
diagnosis and treatment of diseases, and particularly can provide timely detection and alert of
medical emergencies (along with immediate therapeutic intervention). The novel biosensing
concept has been exemplified with the systems for logic analysis of various injuries, including soft
tissue injury, traumatic brain injury, liver injury, abdominal trauma, hemorrhagic shock, and
oxidative stress.
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Signal Amplification for Biosensing
Huangxian Ju

State Key Laboratory of Analytical Chemistry for Life Science, Department of Chemistry, Nanjing
University, China.

To detect biomolecules with low abundance and extract the ultra weak biological signals, our group
brings nanotechnology and biotechnology into analytical methodologies and designs a series of
signal amplification strategies. Nanotechnologies for signal amplification involve five methods: (1)
accelerating the electron transfer or obtaining a sensitized optical signal; (2) realizing optical,
electrical or visual analysis by applying the catalytic functions of the nanomaterials; (3) using
nanomaterials as a signal tag; (4) using nanomaterials as the carriers of signal molecules; and (5)
selective concentration of biomolecules. The molecular biological technologies for signal
amplification are to use PCR, rolling circle amplification, target-induced repeated primer extension,
hybridization chain reaction, loop-mediated amplification and target DNA recycling amplification,
including endonuclease-, exonuclease- and polymerase-based circular strand-replacement
polymerization, DNA nanostructure assembly and proximity hybridization regulated DNA biogate
or signal switch to amplify the electrochemical, optical and visual signals. These novel signal
amplification strategies have been used for electrochemical, electrochemiluminescent, and
photoelectrochemical detections; optical analysis methods, such as chemiluminescent, fluorescent,
Raman, infrared and ultraviolet analysis; and mass spectrometric analysis and the development of
imaging technologies such as grayscale scanning imaging, scanning electrochemical microscopic
imaging, chemiluminescence imaging, fluorescence imaging and Raman spectral imaging. The
established methods can conveniently be used in the detection of small biomolecules, DNA,
proteins, cells, carbohydrate sites on cell surfaces, intracellular microRNA as well as pre-microRNA,
intracellular telomerase and sialyltransferase activity. The designed probes have also recently been
used for precise near-infrared cancer therapy and therapeutic monitoring. Some methods can even
realize quasi-single-molecule detection.
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Amperometric Bacterial Biosensor for Screening of Cytochrome
P450 Inhibitors

Tal Yoetz-Kopelman %, Carmit Porat-Ophir !, Yosi Shacham-Diamand 2, Amihay Freeman !

1 Department of Molecular Microbiology and Biotechnology, Faculty of Life Science; Tel Aviv
University, Tel Aviv, Israel. 2 Department of Physical Electronics, Faculty of Engineering; Tel Aviv
University, Tel Aviv, Israel.

A fast and cost-effective whole-cell electrochemical biosensor for screening of potential inhibitors
of cytochrome P450 is proposed and its feasibility demonstrated. Two approaches were
established: suspended cells in a continuous stirred system, and an immobilized cells-on-beads
(COB) stagnant system. Sensing was performed by monitoring the decrease in the electrochemical
signal generated by enzymatic oxidation of aniline by cytochrome P450 BM3 expressed in E. coli
cells to the electroactive product p-aminophenol (pAP) and its subsequent oxidation on the
electrode’s surface. The system is self-maintained and does not require external addition of NADPH
or other cofactors. Measurements were performed simultaneously at eight self-fabricated chips,
applying low positive potential of 100 mV vs Ag/AgCl quasi reference electrode. Signals were
received within less than a minute following substrate addition. Kinetics of the whole-cell
intracellular enzymatic activity on aniline was analyzed and the system’s linear concentration range
and detection limit were determined, and aniline concentration for the inhibition studies was
selected accordingly. Three known inhibitors - imidazole, metyrapone and 1-aminobenzotriazole
(ABT) - were tested and their inhibition profiles characterized. Imidazole was found to be the most
potent inhibitor under the experimental conditions employed, with 50% (ICso) inhibition achieved
at 0.3 mM, followed by ABT with ICso of 0.5 mM. The weakest inhibitor was metyrapone with ICso
of 3.1 mM. To the best of our knowledge, the system developed offers for the first time a rapid and
cheap cytochrome P450 inhibitors screening by a disposable whole-cell electrochemical chip,
providing the advantages of a whole-cell system without neither enzyme purification nor NADPH
addition. In addition, our COB approach provides a fast and simple cells immobilization technique,
enabling recording of high and sensitive amperometric signal.
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An Integrated Capacitive Array Biosensor for the Selective and Real-Time
Detection of Whole Bacterial Cells

Numa Couniot, Laurent A. Francis, Denis Flandre
ICTEAM Institute, Université catholique de Louvain, Belgium.

The rapid and selective detection of whole bacterial cells is of interest for the development of Point-
of-Care (PoC) diagnosis tools. We present here an integrated capacitive array biosensor based on
the AC impedance spectroscopy of interdigitated microelectrodes. The microelectrodes are
integrated with a 0.25 um CMOS process as the pixel element of a capacitive array. A capacitive-to-
voltage conversion was designed below each pixel and the sensitivity is boosted by a subthreshold
gain stage. The microelectrodes are coated by an ultrathin passivation layer and operated in
electrolytes with bacterial cells adherent to the surface. Analytical models and two-dimensional
simulations accurately assessed the device’s sensitivity. The simulations include the modeling of the
sensor topology, the dielectric properties of multi-shell bacteria, the various ionic transports, and
surface and space charges. The selectivity is provided by involving lysostaphin for genus-specific
bacterial detection. The sample matrix is then directly flown on the polydopamine-covered sensor
surface without any pre-treatment. The capacitive biosensor array performs dielectric
measurement of the electrolytes and the real-time detection of Staphylococcus epidermidis binding
events with a detection limit of about five bacteria per pixel.
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Paper-based Microfluidic Sensors for Environmental Monitoring and
Analysis

Spas Dimitrov Kolev
School of Chemistry, The University of Melbourne, Victoria 3010, Australia.

Paper-based microfluidic sensors have gained considerable popularity in recent years as a new type
of disposable analytical sensing devices which meet the increasing needs of rapid, accurate and low-
cost monitoring and analysis for environmental protection and healthcare. They utilize the
capabilities of cellulose fibres in paper, which form a hydrophilic porous matrix, to transport liquids
by capillary force only. The present paper describes the development and application of paper-
based microfluidic sensors for environmental monitoring of nutrients such as phosphate, nitrite,
nitrate and ammonia, and toxic heavy metal ions such as copper(ll). The hydrophilic liquid
penetration channels and detection zones in these sensors were ink-jet printed using a paper-sizing
agent. Colour analytical reactions were utilized for analyte detection with the colour intensity being
measured with a conventional flatbed scanner. Complex on-line sample pre-treatment steps such
as reduction of nitrate to nitrite and membrane-based gas-diffusion separation of ammonia have
been successfully implemented for the first time in the proposed paper-based sensors, thus further
expanding their analytical capabilities. The paper-based sensors, mentioned above, were
successfully applied to natural samples and very good agreement with the corresponding reference
methods was observed.
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Dynamically Morphing Magnetic Complexes as new RF-Based
Nanosensors

Gary Zabow 2, Stephen Dodd 2, Alan Koretsky 2

I National Institute of Standards and Technology (NIST), Boulder, CO, USA. ? National Institutes of
Health (NIH), Bethesda, MD, USA.

The minimally invasive nature of nanoscale optically-based sensors has led to their
ever-increasing use in many areas. Notable among these are the biomedical fields, where plasmonic
and fluorescence-based sensors have dramatically advanced biomolecular research, enabling
sensing and visualization of countless cellular and biomolecular processes. However, whether based
on plasmonic nanoparticles, fluorescent proteins, quantum dots, or, more recently, nanodiamonds,
their common need for optical access limits potential applications. Much work is currently directed
towards shifting such probes resonances further into the near-infrared where light propagation
through biological tissue improves, but optical penetration distances remain limited. Here, we
introduce a new form of micro- to nanoscale sensor that offers sensing opportunities similar to
those of fluorescence-based sensors, but which operates at radio-frequency wavelengths, allowing
use in optically occluded regions. The sensors are based on microfabricated magnetic complexes
that rapidly change shape in response to a chosen stimulus. In the process, associated changing
magnetic field profiles around the structures dynamically modify the NMR frequency of water
surrounding the structure, transducing the detected stimulus into a quantitative NMR frequency
shift measurement. Thus sensors can be remotely probed using regular NMR or magnetic resonance
imaging (MRI) equipment. Being small, and not requiring either optical or electrical access, these
new sensor types may find application in not only medical fields, but also in other areas where
access for traditional sensors may be difficult. In this presentation, we will explain the operating
principles of these new sensors, provide some demonstrations of their use as pH sensors, and
discuss how inherent adaptability of the sensor platform should enable such sensors to measure a
wide variety of physiological and environmental variables.
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Label-Free Detection of DNA Molecules by their Intrinsic Molecular
Charge using Field-Effect Sensors Modified with a Positively Charged
Weak-Polyelectrolyte Layer
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A capacitive field-effect electrolyte-insulator-semiconductor (EIS) sensor, consisting of an Al—p-Si—
SiO, structure modified with a positively-charged weak-polyelectrolyte layer of PAH
(poly(allylamine hydrochloride), was applied for the label-free electrical detection of DNA
(deoxyribonucleic acid) immobilization and hybridization by the intrinsic molecular charge. To
achieve a preferentially flat orientation of DNA strands and thus, to reduce the distance between
the DNA charge and EIS surface, the negatively charged probe single-stranded DNA molecules were
electrostatically adsorbed onto the positively charged PAH layer using a simple layer-by-layer (LbL)
technique. In this way, more DNA charge can be positioned within the Debye length, yielding in a
higher sensor signal. The surface potential changes induced after each surface modification step
(PAH adsorption, probe DNA immobilization, hybridization with complementary target DNA, non-
specific adsorption of mismatched DNA) were directly recorded using constant-capacitance mode
measurements. Dependence of the EIS signal on the DNA length as well as detection limit has been
studied. Atomic force microscopy and fluorescence microscopy have been applied as reference
methods to control the surface modification steps and to verify the DNA immobilization and
hybridization events. An electrostatic model for potential changes at the gate surface of the
polyelectrolyte-modified EIS sensor induced by the DNA immobilization and hybridization will be
presented. The obtained results demonstrate the potential of the EIS sensors in combination with
the simple and rapid LbL immobilization technique as a promising platform for a future
development of label-free DNA chips with direct electrical readout.
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Chemical and Biological Sensing with Carbon Nanostructures
Alexander Star
Department of Chemistry, University of Pittsburgh, Pittsburgh, Pennsylvania, USA.

Field-effect transistor (FET) devices based on one dimensional (1D) materials are of interest in
biosensing due to their scalability and high sensitivity to changes in surface potential [1]. Single-
walled carbon nanotubes (SWNTs) are of particular importance due to their excellent inherent
electrical and mechanical properties, chemical stability, versatile surface chemistry, and dimensions
on the size order of important biomolecules [2]. For sensor fabrication, devices are functionalized
for specific interactions with peptides, proteins, DNA, or other targets. This can be accomplished
noncovalently, through polymer wrapping or m-it stacking on the sp2 carbon structure with pyrene
or porphyrin-based conjugates, or covalently through chemical reactions with the SWNT sidewall
or tips. Covalent chemistry necessitates destroying the sp2 structure of SWNTs, leading to a partial
or total loss of electrical properties. To circumvent this issue, holey graphene may be used to
accomplish covalent chemistry via coupling with carboxylic acid moieties. While pristine graphene
is a zero bandgap semiconductor, holey graphene mimics graphene nanoribbons, producing a
bandgap at neck widths less than 10 nm. The resulting structure is analogous to an interconnected
network of SWNTSs on a device surface. We have previously demonstrated the synthesis of such a
holey graphene material by enzyme catalyzed oxidation of graphene oxide (GO), produced via a
modified Hummer’s method, with a mixture of horseradish peroxidase and H,0; [3]. By controlling
the length of time GO is exposed to HRP/H,0;, the size of holes and neck widths between holes can
be controlled as the material is degraded, resulting in an interconnected nanoribbon-like structure
that, when reduced by hydrazine, mimics the electronic properties of a network of carbon
nanotubes [4]. In one example of biosensors based on holey reduced graphene oxide (hRGO),
covalent functionalization of the oxygen moieties on hRGO with the antimicrobial peptide,
Magainin |, produced a broad-spectrum bacterial probe for the detection of gram-negative bacteria

[5].
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Nanostructures Integrated Optofluids Chips for the Detection of Proteins
Muthukumaran Packirisamy
Concordia University, Montréal, Canada.

Photonics integrated microsystems are attractive to perform chemical and biological analysis using
minute amounts of samples with high throughputs. Micromachined fluidics and optical devices are
integral components of Lab-on-a-chip (LOC) devices, which are fabricated monolithically or by
hybrid integration in order to perform various analytical process in a single chip. In this paper, novel
micro-nano integration techniques for developing optical lab-on-chips (LOCs) devices on integrated
optical and polymer platforms are presented. LOCs were developed for detecting proteins in optical
microfluidics chips through the integration of gold nano-islands and polymer nanocomposites. In
order to further enhance the detection sensitivity to few ng/mL, it was required to integrate
nanostructures having plasmonic properties into the microfluidics devices. This is achieved by a
novel process development for the synthesis of nano-islands on various material platfroms. The
process was simple, low cost and compatible with the fabrication process of microfluidics chip by
using silicon, glass and PDMS. Numerical modelling was carried out using Finite-difference time-
domain (FDTD) method in order to analyse the change of optical properties during the formation of
god nanoislands and their interaction with the biological species having various size and optical
properties. This talk also covers the developments of a novel evanescent based cascaded waveguide
coupler (CWC) and nano-island integrated Silica-on-silicon-PDMS microfluidics device for the
detection of growth hormone in milk.

48



Session 3: Chemical Sensors

Session Chair: Peter Hauser

49



-
®C| chemosensors

Editor-in-Chief: Dr. Igor Medintz - Laboratory for Biosensors and Biomaterials, Center for
Biomolecular Science & Engineering, United States Naval Research Laboratory, Washington, DC,
USA.

Chemosensors (ISSN 2227-9040) provides an advanced forum for the science and technology of
chemical sensors. It publishes reviews, regular research papers and communications. Our aim is to
encourage scientists to publish their experimental and theoretical results in as much detail as
possible. All aspects of chemosensing are welcomed from theoretical concepts to education and
training. We also welcome manuscripts on classic chemical sensing—be it wet chemistry or biological
sensing using enzymes or cells and other model organisms. Drug testing and medical/diagnostic
testing are also included under this umbrella. We welcome results of field testing or assay validation
as well, whether it be at the research level or from commercial pretesting. We also ask for
perspectives from people working in the field or editorials that concern prominent issues related to
chemosensing. There is no restriction on the length of the papers. The full experimental details
must be provided so that the results can be reproduced.

www.mdpi.com/journal/chemosensors

50



Session 3: Chemical Sensors

Recent Developments and Applications of Chemical Imaging Sensor
Systems

Tatsuo Yoshinobu
Department of Biomedical Engineering, Tohoku University, Japan.

The chemical imaging sensor [1] is a semiconductor-based chemical sensor that can visualize the
two-dimensional distribution of pH or the concentration of specific ions in the solution in contact
with the sensing surface. It is based on the principle of the light-addressable potentiometric sensor
(LAPS) [2], in which a light beam scans the sensor plate to read out the photocurrent signal
determined by the local capacitance of the depletion layer responding to the Nernst potential. A
chemical image is obtained by measuring the photocurrent signal in a pixel-by-pixel manner. The
sensor plate is made of a silicon wafer with an insulating layer on the front surface and an ohmic
contact on the back surface. The locations of pixels are not pre-defined by device structures but are
defined by illumination at the time of use. This method, on one hand, facilitates flexible zoom-
in/out, low-cost production and long life of sensor plates and large (wafer-scale) area of
measurement. On the other hand, the total time required to complete a scan of a chemical image
tends to be long, due to the sequential readout of the photocurrent signal. In addition, lateral
diffusion of photocarriers inside the semiconductor layer limits the spatial resolution. In recent
years, the measurement speed has been greatly enhanced by employing a plurality of light beams
simultaneously illuminating different locations of the sensor plate, which realized movie recording
and real-time display of pH distribution. Efforts have also been made to improve the spatial
resolution and precision, to miniaturize the system and to apply the method in various fields.
Developments and applications of the chemical imaging sensor systems will be discussed.
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The Sensitive Detection and Identification of RDX and PETN Explosives
Vapors by Measuring Their Thermal Signature When Desorbing or
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Detecting explosives in air is challenging for homeland security applications due to the increasing
threat of terrorists exploding bombs against populations. There is a crucial need for detecting
explosive vapor traces and sub-traces at the ppt level and lower. To develop sensing devices that
have high sensitivity and selectivity towards numbers of energetic compounds, it is necessary to
simultaneously develop novel materials that are highly specific for identification and innovative
technology for rapidly detecting trace concentrations with high selectivity. We recently developed
two innovative technologies for (i) identifying explosives within a few seconds on the scale of
femtograms and a single microcrystal with nanocalorimetry [1] and (ii) sensing explosive vapor
down to the ppt level within three minutes of employing nanostructured cantilevers [2]. Despite
the fact that both techniques are very sensitive, we note that cantilevers achieve detection whereas
nanocalorimetry permits selective identification. We used microthermal analysis to discriminate
RDX and PETN. Once an explosive vapor is trapped in a material, fast heating at 3000 K/s up to 350
°C leads to a thermal pattern specific to the explosive and its interaction with the porous material.
The obtained signatures permit the simultaneous detection and identification of vapors in just a
few milliseconds. Our method also allows for the development of devices that can address multiple
targets using just one unspecific material for capturing the vapor, combined with microthermal
analysis for fast detection and identification. This is the first time that microthermal analysis has
been used to characterize and detect explosives in the vapor state.
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Sniff-Camera for Imaging of Gazeous Ethanol From Palm Skin After
Drinking

Takahiro Arakawa, Kenta litani, Toshiyuki Sato, Koji Toma, Kohji Mitsubayashi
Tokyo Medical and Dental University, Japan.

A sniff-camera (2-dimensional visualization system) for gaseous ethanol was constructed and tested
in visualization of transdermal alcohol. This visualization system measures ethanol concentrations
as intensities of chemiluminescence (CL) by luminol reaction induced by alcohol oxidase and
horseradish peroxidase-luminol-hydrogen peroxide system. Conversion of ethanol distribution and
concentration to 2-dimensional CL was conducted on an enzyme-immobilized mesh which
contained luminol solution. This was done in order to visualize ethanol emission from palm skin,
which concentration is typically at sub ppm-level. Thus, luminol HG was employed as high-purity
luminol solution in the visualization system. The detection limit was improved by this solution.
Owing to high sensitivity, transdermal ethanol was successfully visualized and the intensity of each
pixel was the reflection of ethanol concentrations. Therefore, the system was sufficiency useful for
assessment of ethanol measurement of the palmar skin.
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Chemical Sensing Based on Biomimetic Principles
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Our ability to sense chemistry and biology in challenging scenarios, such as implantable devices for
monitoring our health, or the quality of water in rivers and lakes has not advanced significantly since
the fundamental breakthroughs in chem/bio-sensors of the 1970’s and 1980’s. It is becoming clear
that in order to meet challenging performance specifications in terms of price and performance,
these devices will have to be much more sophisticated, and in particular, adopt bio-inspired
strategies to deliver platforms that can function autonomously for years. For example, many
sensing platforms employ fluidic systems, and increasingly microfluidic systems to integrate
functions such as sample transport, reagent addition, filtering, and detection. In the future, these
fluidic systems will have a more active role in monitoring, reporting and maintaining the overall
functionality of the platform. Like our own blood circulation system, fluidics in chem/bio-sensing
devices will contain micro/nano-vessels and in-channel active components (e.g., integrated
soft-polymer valves) capable of detecting damage, leaks, fouling, channel blockage etc., and
furthermore, undertake appropriate remedial action (detect leak location & perform repairs, open
blocked channels or provide alternative fluidic pathway) in order to dramatically extend the
functional lifetime of the platform. Access to 3D additive technologies, in combination with directed
polymer self-assembly, now enables such soft polymer actuators to be created with nano-scale
resolution inside microfluidic channels for fluid control, or to provide channels with switchable
characteristics such as surface roughness [1], or controlled uptake and release of molecular guests.
In addition, fluidic coatings can optically report their condition (e.g., whether they are in binding or
passive form, or molecular guests are bound) reflecting the chemical status along the entire length
of the fluidic system, rather than at a localised detector [2]. The same characteristics can be
integrated into micro-vehicles such as droplets, beads and vesicles, or microrobots that can also
move spontaneously or be externally directed to specific locations, where they can perform these
and other tasks [3, 4]. In this paper, we will present routes through which these exciting concepts
can be practically realized.
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Ratiometric Fluorescent Indicators for Metal lons and Polar Organics
Based on the Poly-N-isopropylacrylamide Thermal Phase Transition

W. Rudolf Seitz
Department of Chemistry, University of New Hampshire, Durham, NH, USA.

Indicators consist of a recognition agent incorporated into poly(N-isopropylacrylamide)
(polyNIPAM), labeled with donor and acceptor fluorophores. They are designed so that analyte
binding causes polyNIPAM to go from a collapsed to an extended configuration (or visa versa)
resulting in a change to the extent of fluorescence resonance energy transfer (FRET) from donor to
acceptor. Analyte concentration is related to the ratio of acceptor to donor fluorescence. One type
of recognition agent is a ligand. Metal ion binding changes the amount of charge on polyNIPAM,
causing it change configuration. Using this approach with bipyridine as a ligand, we get a ratiometric
fluorescent response to Cu(ll), a metal ion that normally quenches fluorescence. These indicators
measure metal ion activity rather than total metal concentration, which determines metal ion
effects in biological and environmental systems.The other type of indicator is prepared by
molecular imprinting using a lightly crosslinked copolymer of N-isopropylacrylamide and a
recognition monomer. This results in a material that remains suspended in solution as tiny particles
and can be processed as a solution.

55



Session 3: Chemical Sensors

Change Detection in (Bio)chemical Liquids with Ultrasensitive Label-Free
and Immobilization-Free Sensors Operating the GHz-THz Range

Johan Stiens !, Vladimir Matvejev !, Yuchen Zhang !, Cathleen De Tandt !, Guogiang He ?,
Dominique Maes 2, Debby Mangelings 3, Sven Declerck 3, Maria Alexandra Mernea *,
Dan Mihailescu *

1 ETRO-IR, VUB, Brussels, Belgium. 2> DBIT, VUB, Brussels, Belgium. 3 FABY-GF, VUB, Brussels,
Belgium. # Faculty of Biology, University of Bucharest, Bucharest, Romania.

In a solution comprised of a solvent (predominantly water), buffers, and solvated biomolecules,
complex biophysical and biochemical interactions can take place due to the existence of permanent
and induced charges and dipoles, hydrogen bonds, hydrophilic and hydrophobic species, and
phonon vibrations, which depend on the conformations and rigidity of the components. The
dielectric response of this solution to EM waves in the (sub)-THz waves will be dependent on the
relative concentration of the individual components, but also on their hydration shells and their
interaction strengths. Any (tiny) change in the concentrations or interaction strength due to an
external perturbation can be monitored with sub-THz waves, when one disposes over an ultra-
sensitive biosensor, which can cope with the high absorption properties of water in this frequency
range. In this paper, we will discuss the operation principle and the technological implementation
of a novel generic, label-free, immobilization-free (bio)chemical sensor with world-record
sensitivities in the sub-THz range for the characterization of micro and nano-liter liquids.
Benchmarking of alcohol-water mixtures yields a dynamic signal change of +100 dB. A multitude of
biological, pharmaceutical and biochemical applications will be discussed ranging from monitoring
antibody-antigen interactions, PCR reactions, protein denaturation and crystallization, quality
control of suspensions. Some of the experimental results will be backed with molecular dynamics
simulations. We will compare this novel measurement technology with commercial analytical
instruments such a SPR, UV-spectroscopy, etc. Some future tracks towards high throughput
screening will be discussed.
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A dual gas sensor design based on cross correlation spectroscopy principle is presented. This sensor
is based on a single Fabry-Perot interferometer (FPI), which acts as an optical modulator. Hence,
due to characteristics of the FPI transmission spectrum, it can be used to detect molecules with very
well defined ro-vibrational lines such as those produced by diatomic and linear molecules. In this
work, the FPI was rotated over, to shift the spectral transmission fringe pattern, inducing the
modulation. Moreover, the Fabry-Perot interferometer was achieved by using only a silicon wafer,
which has a specific thickness to modulate the ro-vibrational abortion lines of both CO and CO,.
Here, it is important to point out that the design of this FPI is illuminated with a collimated beam
and it is placed just in front of the pyroelectric detector. Furthermore, the principle of operation of
the sensor setup is presented. Finally, some experimental measurements are provided to support
the simulation and to show that is possible to use a single silicon wafer, such as FPI, to detect two
gases at same time.
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Benzene is one of the volatile organic compounds present in crude oil and gasoline. Accidental
releases from sources like underground storage tanks or hazardous waste sites can result in the
presence of benzene in nearby groundwater. Benzene is a known carcinogen and its exposure is
limited by the US Environmental Protection Agency to 5 parts per billion (ppb) in groundwater.
Early, accurate monitoring of the presence of benzene in groundwater supplies is therefore
important. Shear horizontal surface acoustic wave (SH-SAW) sensors with suitable sorbent polymer
coatings can be used to detect benzene in the liquid phase. At concentrations in the parts-per-billion
range, this task becomes difficult due to the generally low partition coefficients for benzene in most
polymers (relative to water). In addition, not all polymers that are chemically suitable to absorb
benzene are able to do so in a reasonable time due to their glassy nature. A plasticizer can be added
to the selected polymer to lower the glass transition temperature thus allowing for rapid analyte
absorption. In previous investigations, the addition of dioctyl phthalate (DOP) to polystyrene
resulted in coatings showing higher sensitivity to benzene than many commercially available
polymers. However, most plasticizers leach out of the polymer over time. Investigation of various
plasticizers in poly(vinyl chloride) (PVC) has shown that DOP has a small but non-negligible leach
rate into water. The leaching of the plasticizer into the surrounding environment results in limited
long-term stability of the coating, rendering reliable, repeatable measurements impossible. The
plasticizer DINCH (1,2-cyclohexane dicarboxylic acid diisononyl ester) has been shown to have an
undetectable leach rate into water due to its chemical structure. It has also shown promise as a
plasticizer to increase the sensitivity to benzene in polystyrene-coated sensors. The plasticizer
percentage plays a crucial role in optimizing the sensitivity to the analyte. If the percentage of the
plasticizer is too small, the polymer will be too glassy for rapid analyte sorption. This higher rigidity
of the coating will also result in low analyte sensitivity. On the other hand, if the plasticizer
percentage is too high, the polymer becomes too rubbery. This causes high acoustic wave
attenuation, which will interfere with the signal-to-noise ratio of the SH-SAW sensor. This work
demonstrates the successful design of sensor coatings with long-term stability and high sensitivity
to benzene in liquid-phase sensing for the example of DINCH-polystyrene coatings. Preliminary
results indicate that plasticizer concentrations around 24% - 26% with coating thicknesses of about
0.03 A (A = acoustic wavelength) are near the optimum for polystyrene-based coatings for liquid-
phase applications. Sub-ppm (down to 100 ppb) detection of benzene and other hydrocarbon
compounds in water is demonstrated, and data on long-term stability of sensor coatings is also

presented.
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Micro- and Nano-scale Sensors for Extreme Harsh Environments

Debbie G. Senesky
Stanford University, CA, USA.

Wide bandgap semiconductor materials are inherently temperature-tolerant, radiation-hardened
and biocompatible which can extend the operation regime of micro- and nano-scale devices to
extreme harsh environments (e.g., deep space, hypersonic structures, subsurface environments,
combustion environments, and the human body). In addition, wide bandgap semiconductor
materials are often simultaneously piezoelectric, piezoresistive and pyroelectric, which can be
leveraged in the design of a multitude of micro- and nano-scale devices such as inertial sensors,
bolometers, dosimeters, micromechanical resonators and energy harvesters in a single material
layer. In this talk, a review of the advancements in manufacturing technology for polycrystalline
thin film, epitaxial thin film and nanowire growth of wide bandgap semiconductor materials are
presented. In addition, the compelling results of silicon carbide (SiC), gallium nitride (GaN), and
aluminum nitride (AIN) device operation at temperatures as high as 600 °C and under gamma
irradiation will be reviewed. These robust material sets can serve as a platform for the realization
of sensor, actuator and electronic systems that can operate and collect data under the most hostile
conditions.
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Nowadays, gaseous hydrogen peroxide (H.0;) serves as a common sterilization agent for beverage
cartons in aseptic filling machines. H,0; possesses different advantages over conventional chemical
sterilization media (e.g., chlorine or peracetic acid): (i) high microbicidal and sporicidal activity in a
short exposure time (due to radical formation, especially at elevated temperatures) and (ii) H.0O2
decomposes into environmental-friendly end products, such as water vapor and oxygen [1].
Recently, several types of calorimetric gas sensors have been developed in our laboratory to
monitor the sterilization process of beverage cartons in real time [2, 3]. For these calorimetric gas
sensors, the sensing principle relies on the determination of the decomposition energy (exothermic
heat reaction) when H;0. is decomposed on the catalytically active sensor surface. For our sensors
to operate, a differential set-up of two temperature sensors is applied: one of the sensors is
passivated with an H,0-resistant polymer, whereas the second temperature sensor is covered with
a catalyst to force the decomposition of H,0,. Various catalytic materials have been investigated,
such as manganese(lV)-oxide, platinum, and palladium. During operation, the temperature
difference between both sensors shows a linea