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Abstract 
The fabrication of highly sensitive, selective, 
rapid and convenient sensors is of substantial 
interest for the real-time and online 
environmental monitoring, aliment safety, 
clinical diagnoses1,2. Numerous conventional 
techniques are in practice for the detection and 
analysis of heavy metals in water samples 
however, these techniques are unable to be 
applicable for real-time and online monitoring2-4. 
It is of substantial interest to develop 
miniaturized robust, precise and accurate 
devices capable of real-time and online analysis 
and the sensor technology provides a promising 
and powerful tool for this purpose5. The 
development of a sensor for the heavy metals 
in the water is very tedious because of their 
smaller ionic radii and selectivity issues but the 
molecular imprinting provides a very straight 
forward methods for the development highly 
selectivity recognition materials towards the 
analyte of interest6. This study focuses on the 
development of such a miniaturized ion 
imprinted polymers and their composites with 
functionalized graphene based piezoelectric 
and electrochemical sensors for the detection of 
heavy metal ions namely; Cr3+, Fe3+, Zn2+ and 
As5+ in water. For the molecular imprinting of 
heavy metals ions, we followed bulk molecular 
imprinting methodology while duel electrodes 
quartz crystal microbalance (QCM) and IDEs 
were used as transducers. Ion imprinted 
polymers and their composites (MIPs and 
functionalized graphene) were prepared with 
optimized recipes and then their thin films 
ranging from 120-140 nm thickness were 
generated by spin coating onto dual electrodes 
QCM sheets and IDEs. Sensors were exposed 
to different concentrations of respective 

template metal ions and sensors showed 
substantial sensitivities with limit of detection for 
Cr3+ 5 ppb while 6 ppb for Fe3+ sensor, 4 ppb 
for Zn2+ sensor and 3 ppb for As5+ sensor. The 
sensitivity of the sensors were enhanced by 
blending their MIPs with functionalized 
grephene and the difference can be seen from 
figure 1 in case of As5+ sensor. 

 
Figure 1 Sensor respose of MIPs and 
composite towards 5-50 ppb of As5+. 
These sensors are highly specific and selective 
for their respective analyte in the presence of 
other competing metal ions with quite similar 
atomic masses, atomic radii and oxidation 
states as shown by figure 2 in case of arsenic 
sensor. This substantial sensitivity and 
selectivity of each sensor make them as 
promising tools for the online and real-time 
monitoring of heavy metals in waste, drinking 
and freshwater sources. 
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Figure 2 Selectivity behaviour of As sensor 
towards the various heavy metals at 
concentration of 30ppb each. 
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