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• Fast  

• Cheap 

• Sensitive 

• Selective 
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• Simple 

• Analysis in the field  
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• Time consuming  

• Not suitable for routine 

testing 

• Can not be applied for on site  

analysis 

• Expensive  

• Trained personal 

Biosensors Advantages 

Biosensors 

Conventional Techniques 

Paper-based analytical devices (PADs)  



Generalities about molecularly imprinted polymers (MIPs)  

Recent applications of sensors based on MIPs 

Outline 
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Introduction 

Molecularly imprinted polymers, MIPs, are best 

described as synthetic analogues to the natural, 

biological antibody−antigen systems. As such, they 

operate by a “lock and key” mechanism to selectively 

bind the molecule with which they were templated 

during production. 
Chem. Rev. 2019, 119, 94−119 

Template (Analyte) 

Monomer 

Cross-linker 

Porogen solvent 

Initiator 

Components 
of MIPs 

MIP 
Template 
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Azobisisobutyronitrile (AIBN) 

Components of MIPs 

Generalities about MIPs 

Initiator: Initiate the polymerization 
Functional monomer: The choice of functional 
monomers will determine the structure of the 
recognition site and the concentration will 
influence the number of binding sites  
 

Methacrylic acid 
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Cross-linker: According to Cormack and Elorza [1] the cross-linker used to obtain a MIP has 
three main roles: (i) the cross-linker is important in controlling the morphology of the 
polymer matrix (gel-type, macroporous or a microgel), (ii) it serves to stabilize the imprinted 
binding site and (iii) it imparts mechanical stability to the polymer matrix.  
 

[1] Cormack, P.A.G. and Elorza, A.Z., Molecularly imprinted polymers: synthesis and characterisation. Journal of 

Chromatography B-Analytical Technologies in the Biomedical and Life Sciences, 2004. 804(1): p. 173-182 DOI: 

10.1016/j.jchromb.2004.02.013.  

Ethylene glycol dimethacrylate 

Generalities about MIPs 
Components of MIPs 
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Generalities about MIPs 
Components of MIPs 

Porogen solvent: The solvent is part of the medium where the polymerization is carried out. 

Because of the creation of pores in macroporous polymers, it is common to refer to the solvent as 

the “porogen”   

 

Acetonitrile 
Toluene 

Chloroforme 
DMSO 
DMF 

Ethanol 
Methanol 
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Ion Organic Molecule Protein Virus Bacteria 

Template:The template should ideally be chemically inert under the polymerization conditions and 

stable under the synthesis conditions  

Generalities about MIPs 
Components of MIPs 

11 

Sensors and Actuators B: Chemical, 2018, 276, 114-120 

Label-free electrochemical sensor based on spore-

imprinted polymer for Bacillus cereus spore detection 

https://www.sciencedirect.com/science/journal/09254005
https://www.sciencedirect.com/science/journal/09254005/276/supp/C
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General procedure of preparation of MIP composites using the 

conventional technique of thermal heating 



Schematic representation of the preparation of electrochemical sensors based on MIPs and 

nanomaterials 

Electropolymerization can be achieved through a variety of electrochemical 
techniques, namely, voltammetric, potentiostatic, and galvanostatic. 

Electropolymerization on surface of electrode  



Application of MIPs  

Drug delivery Chemical sensors 

Catalysis  
Separation and 

purification 
processes   

Generalities about MIPs 
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Stages of solide phase extraction (SPE) 



Advantages 

 Higher physical robustness 

 Not sourced from animals 

 Resistance to elevated temperature and pressure 

 Inertness towards acids, bases, metal ions and 

organic solvents 

 Less expensive to be synthesized 

 Long storage life of the polymers compared to 

natural receptors 

Generalities about MIPs 
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 Long time required for development and 

optimization 

 No mass production of  sensors modified 

with MIPs is available !!! 

 Require of non-negligible amount of the 

target analyte during the MIP preparation 

 Deterioration of the recognition sites 

during the target analyte step removal. 

 Regeneration of the sensors in some cases 

is still difficult. 

 Residual analyte at trace level still 

captured to the MIP cavities during the 

preparation of imprinted polymer 

Drawbacks 



MIP: Molecularly Imprinted Polymer-Decorated 
Magnetite Nanoparticle for 17-β-estradiol Detection 
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Development of  an electrochemical sensor based on Magnetic MIPs  for 
the detection of 17-β-estradiol  in water samples.   

17 17-β-estradiol  

• Synthetic and naturally occuring hormones 
• toxic,  
• carcinogenic  
•  disturb the function of male reproductive system  
• induce an abnormality of growth 

The synthesis and characterization of a magnetic molecularly imprinted 
polymer (Fe3O4-MIP) for 17-β-estradiol  determination 

MagMIP for 17-β-estradiol  



Remove template 17-β-E2 

Rebind template 17-β-E2 

Magnetite nanoparticles 

(Fe3O4) 

17 beta-Estradiol (17-b-E2) 

17-β-E2; Aniline monomer 
  

Polymerization step, 24h 60°C 
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Sensors and Actuators B: Chemical 241 (2017): 698-705 

Synthesis of Fe3O4-MIP  
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Final magnetite Product 

Mixture oxidation of 
Fe2+/Fe3+ under nitrogen 

conditions 

Dried at 
45ºC 

Anal. Chem. 2008, 80, 2250-2254 

J. Chromatogr., A 2009, 1216, 3710–3719 

Addition of NH4OH Separation of Fe3O4 NPs by an 
external magnet  

Synthesis of magnetite nanoparticles 
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40 min, 80°C 
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I 
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µ

A

C / µM

B

17-β-E2  spiked 

(µM) 

Amount found 

(µM) 

Recovery 

% 

RSD %* 

2 1.91 95.6 6.5 

5 4.85 97 5.2 

LOD = 20 nM 

Sensitivity 

Analytical application in River water samples 
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are Structurally similar estrogens 
17-α-ethinylestradiol (17-α-E1), Esterone(E1) and Esteriol (E3)  



Conclusions  
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A novel electrochemical sensor based on Fe3O4-MIP/SPCE was developed and used for the electrochemical 

detection of 17-β-estradiol. 

  

Wide linear range from 0.05 to 10 µM and a high selectivity and sensitivity towards 17-β-E2 and was successfully 

applied for its determination of  in  river water samples showing a satisfactory results 



MIP: Ultrasound Assisted Mag-MIP combined sensor for 
selective and sensitive detection of Bisphenol A  
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(II) 

(I) 

 

 

 

  
 

(III) 

Basic principle of the proposed analytical method  

Schematic illustration of the developed analytical procedure 
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Ultrasound Assisted Mag-MIP combined sensor for selective and sensitive detection of Bisphenol A  



Ultrasound Assisted Mag-MIP combined sensor for selective and sensitive detection 

of Bisphenol A  

25 MIP synthesis in 24h  MIP synthesis in 2 h  
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MIP: Fast route for the synthesis of decorated nanostructured 
magnetic MIPs using an ultrasound probe 
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Ultrasound probe assisted  

few minutes 

Decreasing MIP synthesis time  

Thermal heating 24h  Ultrasound assisted in 

bath 2 h  

Fast route for the synthesis of decorated nanostructured magnetic 

MIPs using an ultrasound probe 
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Fast route for the synthesis of decorated nanostructured magnetic 

MIPs using an ultrasound probe 
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MIP: Study of solvent effect on the synthesis of nanostructured 
magnetic MIPs based on ultrasound probe: application for 

sulfonamide detection 
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Study of solvent effect on the synthesis of nanostructured magnetic MIPs based 

on ultrasound probe: application for sulfonamide detection 

DMSO 

DMF 

EtOH 

ACN 

Acetone 

Power evolution as a function of time during 
the synthesis of MMIPs in different solvents. 
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Study of solvent effect on the synthesis of nanostructured magnetic MIPs based 

on ultrasound probe: application for sulfonamide detection 

Synthesis of magnetic molecularly imprinted polymers based on ultrasound probe (MAA: Methacrylic 

acid, OA: Oleic acid, SDS: Sodium dodecyl sulfate, EGDMA: Ethylene glycol dimethacrylate, RT: 

Room temperature). 



SMX 

SMR 

SDZ 

SCT 
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Study of solvent effect on the synthesis of nanostructured magnetic MIPs based 

on ultrasound probe: application for sulfonamide detection 

Selectivity of MMIP-DMSO, MMIP-DMF and MMIP-
ethanol for different analytes. 



35 



MIP: Spore-Imprinted Polymer based sensor for Bacillus cereus Spores Detection 



37 

Spore-Imprinted Polymer based sensor for Bacillus cereus Spores Detection 

Electrosynthesis of MIPs 

 Application of a suitable potential or 

range of potentials to a solution 

containing the template with  the 

monomer, originating a film formation 

on the surface of the electrode 

 Adjusting the electrochemical conditions 

such as potential range, number of 

cycles and scan rate) 

 No initiator is required, nor UV light or 

heat.   
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Electropolymerization 

of Pyrrole + B. 

Cereus  

-0.4 -0.2 0.0 0.2 0.4 0.6

 Signal after removing  B.Cereus spores

 Signal after binding B.Cereus spores  

           

50 µA

E / V

ΔI 

Preparation of the electrode modified with spore-imprinted polymer for the determination of B. cereus 

spores. The proposed sensing system operates via CV.  

Polypyrrole film  

B. Cereus 

spores   

Removal of bacterial 

spores  

Binding bacterial 

spores  

CPE 

Schematic illustration  

Spore-Imprinted Polymer based sensor for Bacillus cereus Spores Detection 
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MIP : Acetazolamide 







PAD-MIP: SMX  





► Colorimetric detection based on smartphone 

Optical 

45 

Approach, results and discussion 



Water 

sample 

Spiked SMX 

(ppm) 

SMX found 

(ppm) 

Recovery 

(%) 

RSD 

(n=3) 

Tap water 
1 1.00 100.2 1.5 

5 5.07 101.4 3.3 

River water 
1 1.14 114.0 4.7 

5 5.60 112.0 3.6 

LOD was 0.21 ppm 

► Analytical performance and real-world application 
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1 

2 

3 

Approach, results and discussion 



PAD-MIP: Bisphenol A 



Schematic illustration of MIP-PAD preparation and smartphone BPA detection 



Mechanism of the coupling reaction between BPA and the diazonium salt of sulfamethoxazole. 





Pre-concentration procedure for BPA trace determination. 



(A) Calibration curve of BPA according to 

the blue channel. (B) Calibration curve of 

BPA analysis by MIP-PAD using 1 mL 

loading volume. (C) Selectivity study testing 

2 μg/mL of BPA and other phenolic 

molecules. 
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