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Molecular recognition of organic compounds in aqueous solutions metalloporphyring
is inherently challenging, due to potential interference from the very
high concentration of water. General purpose electronic analysis%
of aqueous solutions often consists of an array of cross-responsives
sensors, inspired by the mammalian gustatory and olfactory 3

systems;?i.e. semi-selective receptors whose composite responses2|, o o

oy

determine smell and taste. In the past decade, a variety of array acidsensitive pH indicators
detectors have been explorétimost often based on conductive  Figure 1. Disposable colorimetric sensor array printed on a hydrophobic
polymers or electrochemical sensé@common limitation of such ~ surface, 25 mmx 25 mm? Examples of Lewis base (metalloporphyrin),
arrays, however, is their general lack of chemical selectivity, which Selvatochromic (Reichert's), and pH indicator (phenol red) dyes are
makes differentiation among similar compounds problematic. We flustrated.

report here the development of a simple and inexpensive colori-

metric sensor array capable of distinguishing a wide range of

organic compounds in aqueous solutions at concentrations as lo

as 1uM.

Mglecular recognition is, of course, a function of intermolecular paaamre  2Ethovtanne Snbuyamne cycloneglamine cdooctyiamine _anine
interactions of the analyte. Recognizing that human beings are visual
creatures and that our imaging technology is highly advanced yet
inexpensive, we have developed a colorimetric approach to mo-
lecular recognitio¥;® using a cross-responsive array containing a P¥midne _ Sthnicotine  2Hepyricine  2Phpyridine phenol _ _1-octanathiol
diverse family of chemically responsive dyes; the design of a
colorimetric sensor array is based on stronger-cymalyte interac-
tions than those that cause simple physical adsorption. More
specifically, we chose chemoresponsive dyes in three classes: (1) acetophenone  benzaldehyde  1-octanal ~ hexanoicacid  benzoic acid the
metal ion-containing dyes that respond to Lewis basicity (i.e., Figure 2. Color change profiles with the base-sensitive sensor array for
electron pair donation, metal ion ligation), (2) pH indicators that representative aqueous solutions of organic compounds (all amines 10 mM,
respond to Brpnsted acidity/bas.icity (i.e., proton agidity and g!gﬁgeézgoan:ybﬁg\ﬁgez gzogﬂr;%tgrzﬁgelgf;ﬂqrggnéxamples and complete
hydrogen bonding), and (3) dyes with large permanent dipoles (e.g.,
zwitterionic solvatochromic dyes) that respond to local polarity. sybtracting the original control image from the final sample image
In previous work, we have established that an array of cross- (red value after exposure minus red value before, green minus green,
responsive chemoresponsive dyes is a powerful vapor-sensingplue minus blue), provides a color change profile for the analyte
device, an “optoelectronic nose” with high sensitivity and enormous solution. The center of each dye spot is averaged to avoid edge
selectivity for volatile organic compounds (VOCS). artifacts. The color change profile is, then, simplyNt@mensional

For agueous analyses, we need to make the array hydrophobiosector (whereN = number of dyes) that can be easily analyzed by
to avoid interference from the 55 M water. Representing the Lewis standard statistical and chemoméftiechniques. It is, moreover,
acid dyes, metalloporphyrins are a natural choice for sensor convenient to visually represent these vectors as color change maps
applications: they are very stable; they have open coordination siteshy representing each spot as the absolute value of its color change
for axial ligation to the metal ions; and they are easily modified in RGB.

(e.g., different metals for control over hard/soft acithse interac- As shown in Figure 2, the color change profiles are unique
tions or peripheral substitution for shape and size selectivity). fingerprints for each specific analyte mixture. Many of the dyes
Derivatives of or precursors to traditional pH indicator dyes that make up the array are, of course, pH sensitive. For this reason,
selected for low water solubility serve as the arrays’ probes for all analyte solutions in Figure 2 were made in a phosphate buffer
Bransted acidity/basicity. Conventional solvatochromic &yesnd with a measured pH value of 78 0.2 Thus, the color change

out the array and provide a measure of analyte polarity. The dyesprofiles obtained are characteristic of dye interactions with the
are printed on a hydrophobic surfaten image of the array is  analytespotsimply changes in pHinterestingly, we find that pH
shown in Figure 1. indicators indicate much more than just pH.

In use, the array is first saturated in an aqueous liquid without ~ We note that our array is not an “electronic tongue” because
dissolved organics (i.e., phosphate buffer) and imaged by anour sensor plate is not responsive to the more usual gustatory
ordinary flatbed scanner (cf. Supporting Information for details). analytes (e.g. salt, sugar, MSG). Because the array is made from
After exposure to an analyte solution, rapid (seconds) color changeshydrophobic dyes on a hydrophobic membrane, iads$affected
in the dyes are readily observed and digitally imaged. Simply by salt concentration, ionic strength, or highly hydrophilic com-
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Squared Euclidean Distance /10 are, however, multiple analytical goals with complex mixtures, only

Figure 3. Hierarchical cluster analysis (HCK)of aqueous solutions  one of which is a full component-by component analysis. In many
containing various organics using the color change profiles. The dendrogramCases the analytical goal is a comparison of identity between one

shows quantitatively the pattern similarities of the color change profiles. I' ixt d ther. In oth th lis t it
All amines and thiols at 10 mM; all oxygenates at 50 mM. comp ex_mlx ure an_ anather. In other cases, _e goalis to monitor
— ) change in one or in a few components against a complex but
pounds;* which can be highly advantageous for many uses. Of constant background. The digital color-change profiles serve these

course, for many gustatory applications, salt-sensitive and sugar-fnctions very well. To demonstrate the potential of our colorimetric
§en3|t|ve chrqmophores would be essential and could be easilyggngor array in the application of real-world cases, a series of
incorporated into a future array. _ _ common soft drinks have been tested as examples of readily

Agueous solutions of organic compounds having various func- 4y ajjaple, well-controlled complex mixtures (Figure 4). In all cases,

tional groups have been examined. As shown in Figure 2, different f5:jje giscrimination of one product from another is readily apparent.
organic compounds give radically different color change profiles
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