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In the past decade, there has been great interest concerning the development of artificial
sensing devices; most notably optoelectronic tongues and noses.’ Utilizing previous research on
how the mammalian gustatory and olfactory systems operate, significant progress in mimicking
these systems has been realized.®® The turning point in this field of research has been the
discovery that the mammalian senses of smell and taste are not based on specific receptors for
each stimulant, but rather an array of semi-specific receptors that function simultaneously to
produce a pattern. This pattern is interpreted in the brain, and classified either as a known
stimulant or a new analyte similar to a known family of tastes or odors.

As a predominantly visual species, we are programmed to acknowledge visible reports to
chemical reactions over alternative reporting methods. Thus, colorimetric sensing can be more
advantageous than other techniques and can allow for a greater number of chemical reactions to
be probed.

One colorimetric approach to sensing involves the immobilization of cross-responsive
chemosensors capable of showing a color change upon reaction with analytes or mixtures of
analytes.’®*? The employment of porous glasses as an immobilization technique has allowed for
facile detection of analytes, both agueous and gaseous, by allowing dye-analyte interactions to
occur while preventing the sensor dye from escaping from the matrix. In this manner,
colorimetric sensor arrays have been fashioned that are capable of discriminating among
structurally similar compounds such as sugars,>** while retaining the ability to detect a wide
range of analytes including toxic industrial chemicals.*>*®

&nd &
no
. ", -

Domino® Sugar Equal®
(Spknda H . .
Splenda® Control Stevita®

Sugar in the Sweet'n’Low®

S
Raw®
Figure 1. Color difference maps of six representative table-top sweeteners and one control.
Sweeteners whose active ingredients are non-nutritive (e.g., Equal, Sweet’n’Low, Splenda) are
differentiable, even by eye, from the natural or nature-based sweeteners.*



For aqueous detection, the newly developed porous glasses successfully immobilized
otherwise soluble dyes that could detect changes in solution pH, caused by boronic acid-diol
interactions. This allowed for rapid and sensitive detection and identification of natural and
artificial sugars™ and sweeteners. Further experiments showed the array’s ability to differentiate
between a selection of common table-top sweeteners such as Equal®, Sweet’N’Low®, Splenda®,
and natural sugars.™*

Gas sensing applications were made possible by slight modifications to the liquid sensing
array. Hydrophobic silica precursors were added to limit the effect of changing humidity on the
array, and printing onto flat, non-porous polymer surfaces gave fast and easy accessibility of
incoming analytes to the immobilized indicators. Stable and sensitive colorimetric arrays for the
detection and semi-quantification of a large number of toxic industrial chemicals was made
possible by the inclusion of additional indicators capable of colorimetrically reporting changes in
polarity, metal ligation, and redox reactions. The performances of these sensing arrays showed
extremely low limits of detection, and were capable of identifying toxic gases within a large
range of concentrations; ppb up to concentration immediately dangerous to life and health.

H
H H H H H H
! o N H H_ H
Nt Y=0 == rR-NZ0 — N~<0 = N + 07
R™SH H b H R™ H R™ H
Basic Neutral
HCHO
NH,
® pHindicator (Basic color) pHindicator (Acidic color)

Figure 2. Schematic representation showing the premise behind a new and highly sensitive
method for the detection and semi-quantification of gaseous formaldehyde. A change in local pH
caused by the reactions between the analyte gas and the matrix are reported via polymer-
immobilized indicators.”

In order to improve upon the detection limits for weakly responding gaseous analytes, such
as formaldehyde, alternative methods were developed.'” It was found that the immobilization of
simple and stable color-changing dyes within chemically-reactive matrices could allow for facile
and sensitive detection and quantification of formaldehyde. Optimization studies were carried
out to assess the proper doping level of hydrophilic polymers with amine-appended polyethylene

glycol.



References
(1) Lavigne, J. J.; Savoy, S.; Clevenger, M. B.; Ritchie, J. E.; McDoniel, B.; Yoo, S.-J.; Anslyn,
E. V.; McDevitt, J. T.; Shear, J. B.; Neikirk, D. J. Am. Chem. Soc. 1998, 120, 6429-6430.

(2) Verrelli, G.; Francioso, L.; Siciliano, P.; Di Natale, C.; D'Amico, A.; Paolesse, R.; Logrieco,
F. Proc. Natl. Acad. Sci. U. S. A. 2007, 6589, 658911 (65891-65898).

(3) Albert, K. J.; Lewis, N. S.; Schauer, C. L.; Sotzing, G. A.; Stitzel, S. E.; Vaid, T. P.; Walt,
D. R. Chem. Rev. (Washington, D. C.) 2000, 100, 2595-2626.

(4) Roeck, F.; Barsan, N.; Weimar, U. Chem. Rev. (Washington, DC, U. S.) 2008, 108, 705-725.
(5) Wilson, A. D.; Baietto, M. Sensors 2009, 9, 5099-5148.

(6) Chandrashekar, J.; Hoon, M. A.; Ryba, N. J. P.; Zuker, C. S. Nature (London, U. K.) 2006,
444, 288-294.

(7) Chaudhari, N.; Landin, A. M.; Roper, S. D. Nat. Neurosci. 2000, 3, 113-119.

(8) Wang, J.; Luthey-Schulten, Z. A.; Suslick, K. S. Proc. Natl. Acad. Sci. U. S. A. 2003, 100,
3035-3039.

(9) Wang, P.; Liu, Q. AIP Conf. Proc. 2009, 1137, 3-6.

(10) Rakow, N. A.; Suslick, K. S. Nature 2000, 406, 710-713.

(11) Suslick, K. S. MRS Bull. 2004, 29, 720-725.

(12) Zhang, C.; Suslick, K. S. J. Am. Chem. Soc. 2005, 127, 11548-11549.

(13) Lim, S. H.; Musto, C. J.; Park, E.; Zhong, W.; Suslick, K. S. Org. Lett. 2008, 10, 4405-
4408.

(14) Musto, C. J.; Lim, S. H.; Suslick, K. S. Anal. Chem. 2009, 81, 6526-6533.

(15) Lim, S. H.; Feng, L.; Kemling, J. W.; Musto, C. J.; Suslick, K. S. Nat Chem 2009, 1, 562-
567.

(16) Feng, L.; Musto, C. J.; Kemling, J. W.; Lim, S. H.; Suslick, K. S. Chem. Commun. 2010,
46, 2037-2039.
(17) Feng, L.; Musto, C. J.; Suslick, K. S. J. Am. Chem. Soc. 2010, 132, 4046-4047.



