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Array-based vapor sensing derives from the biomimetic concept of using many 

cross-responsive sensor elements, rather than specific lock-and-key receptors. As with 

the mammalian olfactory system, it is the composite response of the array that that 

identifies an odorant or mixture of odorants.1  Electronic nose technologies of this type 

generally use sensors based on weak chemical interactions (e.g., physisorption, 

absorption, etc.), including conductive polymers and polymer composites, fluorescent 

dye doped polymer systems, metal oxide sensors, and polymer coated surface acoustic 

wave (SAW) devices.2,3 Most prior electronic nose technology suffers from some severe 

limitations, however:  the detection of compounds at low concentrations relative to their 

vapor pressures is difficult; the discrimination between compounds within a similar 

chemical class has been limited; and perhaps most importantly, interference from the 

large environmental changes in humidity remains problematic. We report here the use of 

a colorimetric sensor array (which overcomes these problems) for the identification and 

semi-quantitative analysis of a wide range of toxic industrial chemicals (TICs). 
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Fig. 1.  The colorimetric sensor array (CSA) consists of a hydrophobic membrane on which 36 different 

chemically responsive dyes have been printed.  



In recent years, we have developed a rather different, but quite simple, approach 

to an “optoelectronic nose” based on a colorimetric array initially using metalloporphyrins 

and more generally chemically-responsive dyes.4-8 The array has also been applied in 

aqueous analysis.9,10 The design of a colorimetric sensor array (CSA) is based on 

stronger dye-analyte interactions than those that cause simple physical adsorption. More 

specifically, we choose chemically-responsive dyes in three classes (Fig. 1):  (i.) metal 

ion containing dyes that respond to Lewis basicity (i.e., electron pair donation, metal ion 

ligation), (ii.) pH indicators that respond to Brønsted acidity/basicity (i.e., proton acidity 

and hydrogen bonding), and (iii.) dyes with large permanent dipoles (e.g., zwitterionic 

solvatochromic dyes) that respond to local polarity.  

 

We have extensively tested our CSAs against a matrix of ten TICs and nine 

interferents. Excellent detection limits (generally below the permissible exposure limits 

(PEL)) are demonstrated, as well as clear differentiation among 10 TICs (Fig. 2), 9 

common chemical interferents, and binary mixtures thereof. 

 

DMMP
65 ppm

Cl2
10 ppm

Cl2
1 ppm

SO2
100 ppm

SO2
5 ppm

AsH3
3 ppm

Phosgene
2 ppm

Phosgene
0.1 ppm

HCl
50 ppm

HCl
5 ppm

NH3
50 ppm

NH3
300 ppm

DMMP
65 ppm
DMMP
65 ppm

Cl2
10 ppm

Cl2
10 ppm

Cl2
1 ppm

Cl2
1 ppm

SO2
100 ppm

SO2
100 ppm

SO2
5 ppm
SO2

5 ppm

AsH3
3 ppm
AsH3
3 ppm

Phosgene
2 ppm

Phosgene
2 ppm

Phosgene
0.1 ppm

Phosgene
0.1 ppm

HCl
50 ppm

HCl
50 ppm

HCl
5 ppm

HCl
5 ppm

NH3
50 ppm

NH3
50 ppm

NH3
300 ppm

NH3
300 ppm

 
Fig. 2. Color difference maps of representative TICs at their PEL (permissible exposure level, i.e., the 

lower concentration) and IDLH (immediately dangerous to life or health) concentrations after full 

equilibration (i.e., 2 min of exposure).  Arsine is shown at its IDLH, DMMP at PEL. For purposes of 

display, the color range of these difference maps are expanded from 3 to 8 bits per color (RGB range of 4-

11 expanded to 0-255). 

 

While the CSAs are meant to be considered disposables, they are still re-usable.  

The CSA is best thought of as a “chemical fuse”:  just as with an electric fuse, as long as 

the concentration of the odorant (i.e., the current) fluctuates within some range, the CSA 

(fuse) is unaffected.  But, if the concentration increases to too high a value, the CSA will 



take too long to recover: i.e., the fuse is blown and the CSA should be replaced. As 

illustrated for one example in Fig. 3, the CSA will reproducibly cycle between the PEL 

and IDLH concentrations of many toxic industrial chemicals. After switching from one 

concentration to the other, equilibrium response is achieved within 2 minutes. 
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Fig. 3. Repeating cycling of SO2 exposure of the array from N2, to the permissible exposure level (PEL, 5 

ppmv) and then from the PEL to the immediately dangerous to life or health (IDLH, 100 ppmv). Data 

acquired every min.; equilibrated response time is 2 min.  The Euclidean distance is simply the total length 

of the 108-dimensional color difference vector, i.e., the total array response. 
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