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Topics that will be covered in the course 

 History of biosensor development, applications and requirements of biosensors and classification 

 Principles of molecular recognition and transduction signal acquisition 

Sources of Biological Recognition elements – enzymes/proteins, ssDNAs, antibody and Others 

Design considerations for use of recognition elements in biosensors 

Modeling of reactions for various biosensor applications‐ electrochemical, optical, piezoelectric, colorimetric, fluorometric 

and others. 

 Modification of sensor surfaces and immobilization techniques  

Covalent modification of surfaces using surface chemistry 

Self Assembled Monolayers (SAM) and adsorptions 

Other ways to immobilize biological macromolecules on various solid surfaces 

 Detection methods and Physical Sensors 

Electrodes/transducers – electrochemical (amperometric, potentiometric, and conductimetric transductions) 

Other sensors ‐ for e.g., optical sensors (colorimetric/fluorimetric/luminometric sensors), Surface Plasmon Resonance (SPR) 

sensors, and piezoelectric resonators. 

 Fabrication of biosensors 

Miniaturization‐application of nano‐materials, nanoparticles, carbon nanotubes (CNTs) and others 

Biocompatibility – stability, reproducibility and repeatability of biomolecules on transducer surfaces 

 Data acquisition, statistical and error analysis 

Inter and Intra‐assays and Coefficient of variation (CV) 

Signal to noise ratio 

Normalization/optimization and signal retrieval 

 Examples of commercial biosensors 
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Biosensor Recognition Elements 

Enzymes: eg., glucose oxidase for detection/measurement of glucose 



J. Biol. Chem.-2000-Askarian-Amiri-17241-8.pdf 

Typical enzyme isolation from cells 





6000-7000 different proteins in a cell 



Avogadro's number and the mole 

 One mole of atoms, ions, or molecules contains Avogadro's number of those particles. 

 One mole of molecules or formula units contains Avogadro's number times the number 

of atoms or ions of each element in the compound 

Avogadro's number = 6.02 x 1023 atoms/molecules/particles 
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Electrochemical Biosensor 

Where there is oxidation, there is reduction 

Substance reduced 

gains electron(s) 

Conventional current flow is opposite to electron flow 
eecs.oregonstate.edu/~traylor/ece112/.../elect_flow_vs_conv_I.pdf  

Electrochemistry -  
a. branch of chemistry that studies chemical reactions and processes in which electric charges are involved 

b. Transfer of an electron from a species in solution to an electrode, or vice versa 

c. Common in the analytical field and has resulted in the development of: 

¤ Potentiometry 

¤ Voltammetry (amperometry) 

¤ Coulometry - an electrolysis reaction by measuring the amount of electricity (in coulombs) consumed or 

produced 

 

Substance oxidized 

loses electron(s) 



Electrochemical Biosensor 

There are three basic electrochemical processes - useful in transducers for biosensors: 

 

i. Potentiometry - the measurement of a cell potential at zero current 

 

ii. Voltammetry (amperometry) - an oxidizing (or reducing) potential is applied 

between the cell electrodes and the cell current is measured 

 

iii. Conductimetry - the conductance (reciprocal of resistance) of the cell is measured by 

an alternating current bridge method. 



i. Potentiometry 



1. Potentiometry - principle 

Metal 

Electrolyte 

solution 

A metal electrode dipped in electrolyte solution (one half cell) 

 If a piece of metal is placed in an electrolyte solution, there is 

charge separation b/w metal (electrode) and the solution 

 Sets up an electron pressure, usually called a potential. 

 It cannot be measured directly -  requires a combination of two 

such electrode-electrolyte solution combinations. 

 Each is called a half-cell. 

M1 

S1 

 M2 

S2 

V 

Salt bridge 

Two half-cell electrodes combined, making a complete cell 
 Two half cells -connected by means of an electrically 

conducting bridge or membrane 

 Two electrodes are connected externally by a potential 

measuring device (digital voltmeter, DVM). 

 DVM has a very high internal impedance (~1012) - such that 

very little current will flow through it. 

 If the voltage to be measured is 1V, then the Ohm's law (V=IR),               

current I= 10-12 A (1pA) 

 The electrical circuit is now complete and the e.m.f. of the cell 

can be measured. 

 This value is the difference between the electrode potentials of 

the two half-cells. 



Electromotive force (e.m.f) 



To make a current flow through a resistance there must be a voltage across that resistance. 

Ohm's Law shows the relationship between the voltage (V), current (I) and resistance (R). It 

can be written in three ways:  

V=IxR   (or) I=V/R  (or) R=V/I  

where: V = voltage in volts (V) 

I  = current in amps (A)  

R = resistance in ohms ()  

Ohm's law 

Voltage can be thought of as the pressure pushing charges along a 

conductor, while the electrical resistance of a conductor is a measure 

of how difficult it is to push the charges along. 



Daniell cell - an example for potentiometry 

If we consider each half-cell ->reaction for each half-cell is: 

 

Cu2+ + 2e¯ = Cu (half-cell electrode reaction 1) 

Zn2+ + 2e¯ = Zn (another reaction 2) 

 

 If we subtract reaction equation 2 from 1 we obtain 

 

Cu2+ + Zn = Cu + Zn2+ 

 

The Gibbs free energy (G) for this reaction is negative 

(spontaneous in the direction shown). 

The G is simply related to the e.m.f of the cell: 

 

G = -nFE 

 

n-No. of electrons transferred (here n = 2) 

F - is Faraday constant = 96,487 C/mol  

E - is the e.m.f of the cell  

 

What the G values are for reactions 1 and 2 separately ? 

Observed electrode volt 

Eobs= 1.10 V 

Gibbs free energy, the energy that can be 
converted into work at a uniform temperature 
and pressure throughout a system 

http://en.wikipedia.org/wiki/Gibbs_free_energy


Hydrogen electrode (separate measurement of std. electrode potential of one half-cell) 

If G1 and G2, we could find E1 and E2  separately. 

Hydrogen electrode provides separation of E1 and E2. 

Hydrogen is not a metal but it can  be oxidized to H+ by the 

removal of an electron: 

   H - e¯ = H+ 

Also written as :  H+ + e¯ = ½H2 

G for this reaction is ZERO  

The std. state being with [H+] - 1M, partial pressure of H2=1 

and temp = 298 K (25C). 

The Gibbs free energy is designated G0 

The std. electrode potential for hydrogen is therefore: 

   E0
H

+
/H2 = 0 



Practical- half-cell of hydrogen electrode: this 

can be combined with any other half-cell electrode 

Eg.,         Cu2
+ + 2e¯ = Cu     E1…………………3 

   2H+ + 2e¯ = H2 EH (=0) ……… 4  

Subtracting eqn. 4 from eqn. 3: 

  Cu2
+ + H2 = Cu + 2H+ 

Thus Ecell =  E1 - EH = +0.34 V  

Therefore, E0
Cu = +0.34 V (one half) 

  

The other half of the Daniel Cell, the zinc 

electrode: 

Zn2
+ + 2e¯ = Zn     EZn…………………5 

2H+ + 2e¯ = H2 EH (=0) ……… 6 

Subtracting eqn. 6 from eqn. 5: 

Zn2
+ + H2 = Zn + 2H+  

Thus Ecell =  EZn - EH = -0.76 V  

Therefore, E0
Zn = -0.76 V (other half) 

 

Combining two half-cell e.m.f.s for copper and zinc gives the cell e.m.f. for the Daniel cell 

Ecell = +0.34 - (-0.76) = 1.10 V 

Half-cell Potential (single electrode) 



Cell Potential 

e.m.f (V) = Work/energy (Joule, J)/Charge (Columb, C) 



Electron transfer through electrode/solution interface - A schematic representation 



Standard Electrode Potential (E0) for few reactions 



Three electrode system 
 

Components of Electrochemical cell 

 

Three electrodes:  

Working, Counter, and Reference 

 

An electrolyte solution: 

Solvent, supporting 

 

Membrane: O or X 

 

Potentiostat: e- delivery of, or redox reactions  

Involves the transmission of ions 

Cathode is the working/indicator electrode. 

(right half-cell). - Anode is the 

counter/reference electrode. (left half-cell).  



Potentiometer 

• A device for measuring the potential of an electrochemical cell without 
drawing a current or altering the cell’s composition.  

Potentiometric measurements: 

Potentiometric measurements are made using a potentiometer to determine the 
difference in potential between a working (an indicator) electrode and a 
counter (a reference) electrode. 

- Cathode is the working/indicator electrode. (right half-cell) 

- Anode is the counter/reference electrode. (left half-cell) 











A substance that modifies the transition state to lower 
the activation energy is termed a catalyst; a biological 
catalyst is termed an enzyme 

http://en.wikipedia.org/wiki/Catalyst
http://en.wikipedia.org/wiki/Biology
http://en.wikipedia.org/wiki/Enzyme











