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Physiological & Chemical Sensors 

"  Breath rate,  
"  Heart rate,  
"  Posture  
"  Skin temperature 
"  !  

Medtronic Diabetes’ Guardian® 

Lactate Scout® 
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 Wearable Sensors 

Ultra-thin, self-adhesive electronics  

device that can effectively measure  

data about the human heart, brain  

waves and muscle activity--all  

without the use of bulky equipment,  

conductive fluids or glues. 

John Rogers @ University of Illinois 

11/08/2011 

Link :http://www.nsf.gov/news/news_summ.jsp?cntn_id=121343&org=NSF&from=news  
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Sweat is naturally generated during exercise. 
 
Monitoring its contents provides very rich information about the 
physiological condition of the individual. 

I HAVE TO MKE THIS SLIDE – It is going to be sweat&lactate 

*Common hereditary disease which affects the entire body, causing progressive disability and often early death. 
 

 
Sweat analysis: identify pathological disorders  

#  Cystic fibrosis*  
#  Information on dehydration 
#  Changes in the concentration of biomolecules and ions  
#  Hyponatremia (low sodium concentration) 

 
Rehydration and re-mineralisation 

 
Improve performance and general health 
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"   simple electrical readout 
"   inherent signal amplification 
"   facile incorporation into arrays  and circuits. 
"  printing technologies make their fabrication particularly cost- 

effective for future industrialization. 

OECTs and Wearable sensors 

Advantages 

Disadvantages 
Electrolyte to put in contact gate and channel 
"   complex liquid handling architecture 
"   leakage and contamination  
"  degradation of bio macromolecule in solution (PBS) 
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 H. Zhao, J. Chem. Tech. Biotech, 2010, 85, 891-907. 

 

Ionic liquids (ILs) have evolved as a new type of non-aqueous solvents for 
biocatalysis, mainly due to their unique and tunable physical properties1 

IL polarity Hydrogen bonding 

Ion kosmotropicity  

Viscosity 

Enzyme dissolution 

Factors that affect Enzyme activity in ILs 

A liquid that is composed entirely of ions (Mp < 100 oC) 

Ionic Liquids:  A brief introduction 
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K. Fujita, D. R. MacFarlane and M. Forsyth, Chem. Commun., 2005, 4804-4806. 
 

PBS 

Through smart design enzyme stability can be 
greatly enhanced 

•  Choline DHP showed enzyme stability up to 130 o C  and over 18 months   
at RT 2 

•  Enhanced solubility of cytochrome c. 

•  dhp anion provided both a proton activity similar to that in neutral water as 
well as hydrogen bonding donor and acceptor sites. 

Ionic Liquids:  A brief introduction 
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 S. Y. Yang, F. Cicoira, R. Byrne, F. Benito-Lopez, D. Diamond, R. A. Owens and G. G. Malliaras, Chem. Commun., 2010, 46, 7972-7974. 

 

Ionic liquids & OECTs: Glucose Sensor 
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Ionogel – ILs in macromolecules 

4. T. Ueki and M. Watanabe, Macromolecules, 2008, 41, 3739-3749. 
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•  Hydrophilic IL - avoid mixing problems with PBS & analyte solution.  

•  Hydrated IL completely dissolved the protein - no precipitation observed 

•  20 uL final solution drop cast over OECT   

•  UV polymerised for 1 min 

Ionogel & OECTs: Lactate Sensor 
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Introduction 20 uL of PBS 
solution with desired 
lactate concentration 
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Ionogel & OECTs: Lactate Sensor 
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 D. Khodagholy, V. F. Curto, K. J. Fraser, M. Gurfinkel, R. Byrne, D. Diamond, G. G. Malliaras, F. Benito-Lopez and R. M. Owens, J. Mater. Chem., 22, 4440 (2012). 

Response from 10 mM - 100 mM 

In concentration range of sweat 

 Compatible with detection of lactate 
  in sweat (9 - 23 mM) 
 

Ionogel & OECTs: Lactate Sensor 
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•  Detection of lactate in a relevant physiological range (10 - 100 mM) using 
   a solid state electrolyte-OECTs Biosensor 

•  Novelty lies in the configuration of the sensor 

•  Solid State electrolyte overcomes problems related the design of a future 
 wearable sensor  

Conclusions 

•  Enzyme stability and reliability of the system under investigation 

FUTURE WORK:  

•  Incorporate OECT / Ionogel into a wireless communicated  microfluidic device. 

25*
*



!"#$%&'#()*+,--%.%*/!0-#"***!***/!0-#"*+#()*!"#$%&'#()***!***()"/1--*"1(#,"1-*#"'(#(!(%**

Vincenzo F. Curto 

Prof Dermot Diamond 

Prof George Malliaras 
Prof Róisín Owens 
Dion Khodagholy 

Dr Fernando Benito-Lopez 

Dr Robert Byrne 

Prof Doug MacFarlane 
Dr^2 Vijay Ranganathan 

Acknowledgements 

 
07/CE/I1147 

Research Career Start 
Programme 2010 



!"#$%&'#()*+,--%.%*/!0-#"***!***/!0-#"*+#()*!"#$%&'#()***!***()"/1--*"1(#,"1-*#"'(#(!(%**

Thank you for your attention 


