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Abstract: 
In concerns with national security there are needs for inexpensive, rapid, high sensitive and selective 
sensors. In this respect, e.g. mass-sensitive devices (QCMs) coated with substance specific 
molecularly imprinted polymers (MIPs) look promising to achieve low-cost detection devices capable 
of detecting explosives vapours fast, sensitive and reliable. ICT works on the development of MIPs as 
specific sensing layers to detect common ingredients in improvised explosives like 2,4,6-TNT, 2,4-
DNT, EGDN, tagging substances like DMNB or the self-made explosive most frequently used by 
terrorists, TATP. Preliminary results for 2,4,6-TNT and 2,4-DNT and possible concepts for MIP-based 
low-cost sensors are presented. 
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Introduction 
Recent terrorist attacks such as the bombing in 
New York at 11.9.2001, suicide bombings in the 
middle east or e.g. in London Underground 
transportation systems in July 2005 show that 
the today used detection techniques for 
explosives (Imaging by X-ray, neutron 
activation techniques, IMS, NQR,) are 
inadequate and have to be improved as well as 
new counter-action / detection concepts have to 
be developed. The main ingredients in 
improvised explosives like 2,4,6-TNT, 2,4-DNT, 
NGl, EGDN, tagging substances like DMNB or 
the self-made explosive most frequently used 
by terrorists, TATP, exhibit vapour pressures in 
the ppb to percentage range which in principle 
enable a possible detection of these 
substances via vapour trace detection methods. 
Therefore there are needs for inexpensive, 
rapid, high sensitive and selective sensors. In 
this respect, our approach is to develop 
substance-specific sensor coating materials 
based on molecularly imprinted polymers 
(MIPs). The concept of using enzyme-like, 
synthetic MIPs as substance specific receptors 
is well known from mainly bio and life science 
applications detecting liquid analytes [1, 2]. The 
objective of our study is to use MIPs for 
detecting explosives vapours. These coating 
materials can be used in combination with 
different sensor concepts, e.g. mass specific 

sensors (QCM, SAW) or field effect transducers 
(FET). 

Principle of Molecular Imprinting 
The technique of molecular imprinting allows 
the formation of specific recognition sites in 
macromolecules. In this process, functional and 
cross-linking monomers are copolymerised in 
the presence of a target analyte (template). The 
functional monomers form a complex with the 
imprint molecule and in the subsequent 
polymerisation the functional groups are held in 
position by the highly cross-linked structure. 
Subsequent removal of the template reveals 
binding sites that are complementary in size 
and shape to the analyte (see Fig. 1). The 
complex between monomers and template can 
be formed via reversible covalent bonds [1] or 
via non-covalent interactions [2, 3, 4] such as 
hydrogen bonds. For TNT or DNT as template it 
is not possible to use the covalent approach. 
Furthermore with the non-covalent approach we 
are able to use a large pool of functional 
monomers that are commonly used in the field 
of molecular imprinting. Because of the known 
problem that nitroaromatics are weak hydrogen 
bond acceptors [5], we used for the synthesis of 
the MIPs several acrylates with different 
functional groups as monomers (e.g. 
acrylamide, acrylic acid) and ethylene glycol 
dimethacrylate (EGDMA) as cross linking 
agent. 
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Fig.3. Adsorption and desorption of gaseous TNT exemplarily for a non-imprinted (right axis) and a TNT 
imprinted PMAA layered QCM (left axis).

References 
[1] G. Wulff, A. Sarhan, Über die Anwendung von 

enzymanalog gebauten Polymeren zur 
Racemattrennung, Angew. Chem.  84, 364 
(1972); doi: 10.1002/ange.19720840838 

[2] B. Sellergren, Molecularly Imprinted Polymers – 
Man-MadeMimics of Antibodies and 
theirApplications in AnalyticalChemistry, Elsevier 
Science B.V., Amsterdam, 2001 

[3] M. Komiyama, T. Takeuchi, T. Mukawa, H. 
Asanuma, Molecular Imprinting, Wiley-VCH, 
2003, ISBN: 3-527-30569-6 

[4] K. Mosbach, K. Haupt, Some new developments 
and challenges in non-covalent molecular 
imprinting technology, J. of Molecular 
Recognition 11, 62-68 (1998), doi: 
10.1002/(SICI)1099-1352(199812)11:1/6 
<62::AID-JMR391>3.0.CO;2-5 

[5] W. F. Baitinger, P. R. Schleyer, T. Murty, L. 
Robinson, Nitro groups as proton acceptors in 
hydrogen bonding, Tetrahedron 20,1635-1637 
(1964), doi: 10.1016/S0040-4020(01)99161-6 

[6] G. Bunte, J. Hürttlen, G. Unkelbach, K. 
Niedergall, H. Krause, Imprinted polymers for gas 
phase detection of TNT, MIP2004 – Third 
International Workshop on Molecularly Imprinted 
Polymers, Cardiff, UK, September 12-15th, 2004  

[7] G. Sauerbrey, Verwendung von Schwingquarzen 
zur Wägung dünner Schichten und zur 
Mikrowägung, Zeitschrift für Physik 155, 206–
222, (1959), doi: 10.1007/BF0133793

 

DOI 10.5162/IMCS2012/P1.9.8

IMCS 2012 – The 14th International Meeting on Chemical Sensors 1179




