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ABSTRACT 

Materials science increasingly focuses on generating “smart”, i.e. highly functional, advanced matrices. Selective recognition 
can be implemented into man-made polymers by template-assisted synthesis. The method covers a surprising size range: it is 
possible to generate sensitivity and selectivity towards bivalent metal cations, such as Cu

2+
, in polyacrylate matrices. Despite the 

template being substantially smaller in size than the monomers, recognition can be achieved. Furthermore, acrylates can be 
templated with much larger species, such as influenza viruses. This leads to a nanostructured polymer surface that selectively re-
binds the respective virion. Additional enhancement of sensitivity can be achieved by composite materials. Silver sulphide 
nanoparticles for instance show very appreciable affinity towards butanol vapors. When blending into butanol-imprinted 
polyurethane, the material incorporates three times more of the alcohol. Copyright © 2011 VBRI press.  
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Introduction  

Introducing self-organization approaches into materials 
synthesis opens up the way to implement surprising 
properties into matrices that would otherwise be regarded 
rather “conventional”. Among others, such directed 

synthesis can be realized by (molecular) imprinting [1], 
where an organic or inorganic polymeric matrix is prepared 
in the presence of a template species directing the growth of 

the chain. In non-covalent imprinting [2] the template 
interacts with functional groups of monomers and thus 
generates a pre-formed network of interaction sites. After 
removing it, the remaining polymer matrix contains cavities 
in its bulk or on its surface and can be used for different 
applications including sensing, but for instance also drug 

release [3]. Within this paper, we present different 
approaches pushing the borders of imprinting into different 
directions concerning both the size of the respective 
template and the possibilities to implement composite 
material approaches. 

The materials’ interaction properties are the main focus 
of interest, because they inherently also determine their 
application. Aside of well-established instrumental 
techniques ranging from spectrometry to scanning 
microscopy, we also characterize them by applying them as 
artificial receptors for chemical sensing, mainly by 
combining their recognition abilities with the mass-
sensitivity of e.g. quartz crystal microbalances (QCM) or 
with interdigital electrode structures (IDC) yielding 
contactless conductivity/capacity signals. 
 

Results and discussion 

Imprinting with metal ions 

Molecular imprinting has attracted substantial interest 
during the last two decades, but still many fundamental 
questions remain open. Whereas the current upper size limit 
of imprinting is determined by pollen with a diameter of 

25µm [4], the minimum size of a template is most probably 

determined by the diameters of metal ions [5]. In the 
present study we therefore targeted at designing materials 
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selectively incorporating bivalent metal ions, viz. copper 
ions, for their selective detection in aqueous media. For this 
purpose, we synthesized acrylate-based cross linked 
copolymers directly on different transducers, both as-is and 

in the presence of the template. Fig. 1 shows the responses 
of both a QCM and a interdigital capacitor, coated with 
both the non-imprinted (NIP) and imprinted (MIP) 
material, respectively, and exposed to solutions containing 
1mM Cu

2+
. As can be seen, in both cases the NIP material 

gives rise to but very minor effects. In contrast to this, the 
MIP in both cases gives rise to substantial sensor 
responses: in the case of the QCM, the signal is 2.5 kHz, in 
the case of IDC the conductance increases by almost an 
order of magnitude. Therefore, the presence of the ion 
during templating substantially influences the morphology 
of the respective polymer matrix, which is rather surprising 
given the fact that metal ions are much smaller in size than 
each of the monomer components used. Furthermore, the 
non-imprinted polymer has completely masked the 
influence of the copper on the IDC and shows similar 
behavior on the QCM. Hence, choosing the correct 
monomers can lead to selective recognition even in the case 
that they are much larger than the target species. 
Furthermore, it strongly underpins the role of the template, 
as can be seen from the substantial difference in response 
between the two materials. However, the QCM results with 
MIP suggest that the quartz does not only react to the mass 
change on the surface, but also to changes in electrical 
conductivity of the surrounding medium. 
 

 
 

Fig. 1. QCM and IDC sensor responses for Cu(II)-imprints and the non-
imprinted counterpart, respectively. 

 

 

 

Fig. 2. (a) AFM image of Influenza Virus MIP with partly filled cavities; 

(b) Influenza virus MIP and NIP sensor responses with QCM 

 

Influenza virus MIP  

Templates are of course not limited to molecular 
compounds but can be as large as entire biospecies. Viruses 
are especially interesting in this case, because due to their 
dimensions of some ten nanometers in diameter there is 
currently no possibility for their rapid on-line detection. In 
this case recognition materials are available via surface 
imprinting techniques, where the species of interest is 
pressed into the surface of a pre-polymerized material. In 
such a way it is possible to generate surface recognition 
sites within acrylate copolymers to interact with 

(deactivated) influenza viruses. Fig. 2a) shows the result of 
such an approach: here a polymer surface can be seen after 
templating with H1N3 virus strain. The templates have 
been partially removed; therefore the surface shows both 
the cavities caused by the imprinting procedure (marked by 
circles) and the viruses that are still bound in these sites 
(marked by arrows). The elevations in the AFM image are 
indeed caused by virions, as can be judged from the 
diameter of roughly 70nm, which corresponds to the actual 
size of influenza viruses. After washing, the resulting 

materials exhibit sensitive properties, as can be seen in Fig. 

2b: whereas the non-imprinted material again only shows 
minor effects, the virus MIP readily incorporates influenza 
It has to be noted that the chemical composition of the 
polymer used has some similarity to the one utilized for 
cation imprinting, which clearly shows the influence of the 
templating procedure. It generates artificial receptors in the 
bulk or on the surface of a polymeric matrix, respectively, 
and determines the interaction properties of the final 
material over a size range of almost three orders of 
magnitude in the concrete case. 
 
Composite materials  

Generally, the sensitivity of a sensor can be increased by 
generating the maximum possible number of interaction 
sites within the sensor material and/or by increasing the   

accessibility of the said interaction centers [6]. 
Furthermore, sensitivity limitations can also be overcome 
by introducing some sensor materials with a sufficient 

affinity interaction with analyte [7]. When bringing the two 
approaches together, the combination of organic and 
inorganic nanosized materials can for instance result in a 
nano-composite material with novel collective mechanical, 

thermal, optical, magnetic and electronic properties [8, 9]. 
As an example, we have introduced chemically selective 
Ag2S nanoparticles (NP) into a polyurethane layer to 
achieve high sensitivity by blending the affinity properties 
of the silver sulphide with the MIP within a single sensor 

layer. The outcome of this approach can be seen in Fig. 3 
summarizing the QCM sensor responses in gas phase of 
both the pure MIP material and the composite when 
exposed to air streams with defined butanol concentration. 
Obviously, the composite takes up around three times more 
butanol than the pure MIP of the same layer height. This 
can be traced back to two different effects: on the one hand, 
it is caused by the affinity interaction of the analyte (1-
butanol) with Ag2S nanoparticles present in composite. On 
the other hand the reason is the increased availability of 
interaction sites: a diffusion pathway on the average is 
shorter in the case of the affinity material due to the 
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enhanced surface area of nanoparticles as compared to 
simple polymer layer. Therefore, the composite material 
seems to be promising candidate as a recognition material 
for alcohol detection by interacting reversibly. 
 
 

 
 

Fig. 3. QCM sensor responses of BuOH MIP and MIP/Ag2S nanoparticle-
composite material, respectively. 

 

Conclusion 

 
Functionality suitable for chemical sensing can be 
generated on a variety of size scales ranging from 
Angstrom to the high nanometer range and beyond. The 
interactions involved include affinities based on the hard-
soft principle, polar and hydrogen bonds and 

interactions among others. The task of materials 
chemistry is to achieve the necessary fine tuning. 
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