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Abstract: DETECHIP® is a detection system made of various sensors that has been shown to detect and
discriminate between small molecules of interest, including various illicit drugs for and over-the-counter
medications, explosives, pesticides and food spoilage metabolites. DETECHIP® employs an array of sensors
from which an analyte is tested and based on changes in color; a code specific to the analyte is developed.
DETECHIP® offers possibilities for a simple, sensitive, selective, and affordable alternative to costly
immunoassays. Results from NMR, UV-VIS and fluorimetry studies suggest that the color and fluorescence
changes are a result of intermolecular interaction between the analytes and sensors ranging from non-covalent
covalent bonding of supramolecular structure to proton exchange between the analyte and sensor molecules.
Current efforts are focused on miniaturization of DETECHIP® to the micro and nanoscale. Copyright © 2014

IFSA Publishing, S L.
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1. Introduction

DETECHIP®, short for detection chip, is a
developing technology consisting of molecular
sensors that can be used to identify analytes by
colorimetric changes due to differentia interactions
with analytes [1]. A quick, sensitive, and selective
detection system is required for many applications,
such as alerting security officers to the presence of
explosives or their precursors, pre-incident
monitoring/screening  for  homeland  security
purposes such as weapons of mass destruction,
and detection and quantification of doping
compounds in competitive sports [2]. The most
common methods currently used require skilled
operators and cannot be miniaturized, e.g. gas
chromatography-mass spectrometry (GC-MS) [3],
ion trap mobility spectrometry, wet
colorimetric assays, spot tests such as Marquis,
Scott Drug Testing Company drug tests
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(www.scottcompany.com), or the b-Glucuronidase
Drug Anaysis Bundle (SigmaAldrich) and
Magnotech technology testing [4].

DETECHIP® employs an array of sensors which
rely on color and fluorescence changes due to
analyte-sensor interactions. Structures of the original
eight sensors are shown in Fig. 1. Unlike other color
tests which provide a single "yes" or "no" response,
DETECHIP® gives multiple simultaneous responses
in the form of color and fluorescent changes using
two different buffers at pH=7, alowing users to
quickly identify suspect materials.

Color and fluorescent changes observed for three
analytes are shown in Fig. 2. Each buffer column has
an anayte and a control well. By comparing the
colors it is determined which sensor showed an cloro
or fluorescent change, coded as '0' for no change and
'1' for a change. Based on the color and fluorescent
changes a 32 digit binary code is developed that is
unique for each analyte.

http://www.sensorsportal.com/HTML/DIGEST/P_2538.htm
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Fig. 2. Color and fluorescent changesin the 8 original
sensors as observed on three analytes using the original
96-well DETECHIP® platein two buffers, A and B.

A library of DETECHIP® codes has been
established for over 100 illicit, over-the-counter
(OTC) and prescription drugs. Table 1 shows a
sample of the codes.

Table 1. DETECHIP® codes for selected drugs.

Drug DETECHIP Code
Caffeine 11111111110000111100110011000011
Cocaine 11111111110000111100110011000011
Ibuprofen 00000000000000000000110011001111

2. Interactions between DETECHIP®
Sensors and Analyte Molecules

Our studies using NMR methods, UV-Visud and
fluorescence spectroscopies, show that the color
changes result from a range of intermolecular
interaction between DETECHIP® sensors and
anaytes from non-covalent bonded supramolecular
structures to proton exchange between the sensor and
analyte molecules [5].

Samples of results obtained from our studies are
given in the figures below. Fig. 3 show 'H-NMR
spectra with peaks assigned for sensor, DC-1. The
'H-NMR spectrum for caffeine is given in Fig. 4,
showing the peak assignments.
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Fig. 3.'H-NMR spectra of Eosin Y with expanded
aromatic region (inset) showing peak assignments [5].
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Fig. 4. '"H-NMR spectrum of caffeine showing peak
assignments [5].

The spectra for the mixture of caffeine and DC-1
is shown overlaid along those of the pure components
in Fig. 5, the aromatic region and Fig. 6, the aliphatic
region.
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A pentet-like peak is observed at 7.7 ppm for the
mixture that resembles one observed for DC-1 a
pH=4. This along with the slight down-field shift for
the DC-1 pesks in the aromatic region, are
characteristic of protonated DC-1. Caffeine peaks in
the mixture spectrum show an up-field shift,
suggesting de-protonated caffeine.  This was
confirmed by COSY and DOSY-NMR spectra (not
shown) which showed the presence of a two-
component solution.
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Fig. 5. An overlay of *H-NMR spectra of caffeine,
DC-1, and amixture of caffeine and DC-1.

Inset is an NMR spectrum of DC-1 at pH=4
showing a pentet-like peak at 7.7 ppm that is similar
to one observed in the caffeine-DC-1 mixture
at ~7.7 ppm.
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Fig. 6. An overlay of *H-NMR spectra of caffeine, DC-1,
and a mixture of caffeine and DC-1 showing
the aliphatic region.

A proposed mechanism for the proton abstraction
from caffeineto DC-1lisgiveninFig. 7.

Fig. 7. Mechanism for proton transfer from caffeineto Eosin Y.

Fluorescence and NMR spectroscopy studies on
DC-2 and caffeine suggest the formation of m-stacks.
Fig. 8 shows a sequential quenching of fluorescence
as caffeine concentration increases at a constant
DC-2 concentration. This compares well with the
guenching of fluorescence observed in increasing
concentrations of DC-2 at higher molarities (2M and
above) attributed to nt-stacking.
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Fig. 8. Fluorescence spectra showing caffeine
concentration dependent fluorescence of 8 mM
DC-2 at Aex =330 nm.
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3. TheCurrent Form and Future
of DETECHIP® Device.

DETECHIP® is based on fluorescence and color
changes from which a unique identification has been
developed for many drugs. The results in this study
have shown that some of the color and fluorescence
changes observed in DETECHIP® assays may be a
consequence of a proton transfer reaction between
the sensors and the analyte molecules. Further
detailed studies are in progress for the interaction
between other DETECHIP® sensors and other
analytes. Studies are in progress to expand the
DETECHIP® library of codes to include steroids
and hormones [6].

Analysis of DETECHIP® has shifted to include
image anaysis via RBG color channel image
analysis using Adobe Photoshop, ImageJ, or similar
software, and the use of an Axon 400 a microarray
fluorescence reader. DETECHIP® has developed
from its origind 96-well plate platform to a
miniaturized, solid phase assay that is printed using
either modified desktop inkjet or piezoelectric
printers read in atoaster-size reader, seen in Fig. 9.
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Fig. 9. Micro-DETECHI pe printed on nylon sheets
in array holder (left) that can be analyzed using a specialty
reader (right) that incorporates image analysis.

Current work using inkjet or piezoelectric
printing employs an array of surfaces such as nylon
membranes, transparency-coated polyester (TCP)
film, and various types of thin-layer chromatography
(TLC) plates.

The ultimate goal is to develop a hand-held
device the size of a cellphone that can be used by
anybody to test for drugs. This work was presented at
the NSTI Nanotechnology Conference and EXxpo,
Washington, DC, United States, June 2013 [7]
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Market drivers analysis for challenges that go beyond energy density!

This report focuses on MEMS energy harvesting devices from both technology and market points of view.

Executive summary

1. Introduction to micropower & energy harvesting technologies

2. Technology review - energy harvesting technologies
3. Technology review - energy storage technologies
4. ApplicationsEnergy harvesting devices
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