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Water soluble polymers, solid polymer membranes, 
and coated fibres as smart sensory materials for the 
naked eye detection and quantification of TNT in 
aqueous media. 

Jesús L. Pablos, Miriam Trigo-López, Felipe Serna, Félix C. García, José M. García* 

 

This study developed sensory polymeric materials for the 
colorimetric sensing of TNT in aqueous media. Solid films 
and coated fabrics permitted the detection of TNT, through 
colour change, and its quantification, by taking a picture of 
the materials and processing their RGB parameters to 
define the evolved colour. 

The detection of explosives by non-specialised personnel using 
rapid, cheap techniques is a challenging issue that has arisen from 
societal concern about their widespread use in mining industries, 
military endeavours, and terrorist attacks. The detection and 
quantification of explosives is twofold, through vapour detection and 
in solution. The former is related to homeland security and 
humanitarian efforts such as demining, for instance, and the latter 
with forensic and criminal investigations and environmental control 
and remediation. Among the broad set of explosives, 2,4,6-
trinitrotoluene (TNT) is one of the most widely used in civil and 
military applications, and its detection in solution in groundwater or 
extraction from soil is necessary for the control and remediation of 
abandoned military sites, industrial waste, and spills by explosive-
related industries because nitroaromatics are blood and liver toxins 
that can be absorbed by the skin or gastrointestinal tract.1 In the 
same way, TNT’s detection in solutions of washed scrap-metals and 
residues are essential in terrorist strike investigations. With these 
needs in mind, we undertook the preparation of water-soluble 
polymers, solid sensory polymer membranes with gel behaviour, and 
smart fibres made from polymer-coated yarns as colorimetric 
chemosensing materials for the naked eye detection of TNT in 
aqueous solutions.2-6 The well-known formation of highly 
coloured complexes of the electron-deficient aromatic ring of TNT 
with Lewis bases, such as amines, alkoxy, and hydroxyl groups, 
under mild conditions, also called the Meisenheimer complexes,7-11 
has been exploited for the detection of nitroaromatics using colour 
changes through UV/Vis spectroscopy. Following this approach, we 
engaged in the preparation of colorimetric chemosensory polymeric 
materials using a costless commercial acrylic monomer, 2-
(dimethylamino)ethyl methacrylate (DMAEMA), which contains an 
amine group as a colorimetric sensory moiety for TNT. This was a 
different methodology than that usually followed to achieve 
sensitivity and the selectivity challenges encountered in explosive 

sensing, which is usually carried out using conjugative polymers and 
is typically based on fluorescence quenching,12,13,14,15 and not in 
colour variations. Both the thermically initiated radical 
homopolymerisation of DMAEMA and copolymerisation of 
DMAEMA with the hydrophilic co-monomer 2-hydroxyethyl 
acrylate (2HEA) rendered water soluble linear polymers, L100 and 
L50, respectively (Scheme 1), whose colourless solution in water 
containing organic solvents developed red colours in the presence of 
TNT. The addition of a crosslinker to DMAEMA or to a mixture of 
DMAEMA/DMAEMA permitted the preparation of film shaped 
solid membranes with thicknesses of 110 μm, both lipophilic and 
hydrophilic and with gel and organogel behaviour, named M100 and 
M50, respectively (Scheme 1). The membranes were colourless and 
transparent and were cut with an office puncher into easily handled 
sensory discs with diameters of 5 mm. The immersion of the sensory 
discs in solutions containing TNT turned them reddish in minutes. 
Moreover, the coating of white cotton fibres and yarns allowed for 
the preparation of intelligent garment pieces that turned reddish upon 
coming into contact with organic/aqueous solutions containing TNT. 
Apart from the visual detection of TNT and its quantification by the 
UV/Vis technique, the solid materials also permitted its 
quantification using the colour definition, or the RGB parameters, of 
a digital picture taken with a conventional camera or smartphone, 
avoiding the use of time-consuming techniques requiring operation 
by skilled, specialised personnel.16-18 A reference membrane Mref, 
without sensory amine motifs, was also prepared for comparative 
and control purposes (Scheme 1). 
 The polymers were characterised as sensory materials prior to 
testing. Thermal resistance is a key parameter of materials for final 
applications and was evaluated for the membranes using 
thermogravimetric analysis (TGA) (Table S1 and Figure S1). The 
decomposition temperatures of membranes that resulted in 5% loss 
under a nitrogen atmosphere (T5) were approximately 250 ºC, 
indicating that the materials had a reasonably good thermal stability 
for sensing applications. The chemical constitution of the Mref, as 
derived by FTIR spectra (Figure S2), corresponded to the proposed 
structure (νOH = 3033-3696 cm-1, broad signal; νC=O = 1721 cm-1), 
and its spectral pattern resembled the structure of the well-known 
poly(2-hydroxyethyl methacrylate).19 No significant changes were 
observed between Mref and M50; in M100, the absence of the 
hydroxyl group was in accordance with the absence of υ-OH 
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