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Abstract 

This presentation focuses on response of films prepared 
using osmium redox polymers, glucose-oxidising 
enzymes and carbon nanotubes to glucose oxidation for 
application to membrane-less enzymatic fuel cells. 
 
Introduction 

Enzymatic biofuel cells (EFCs) convert chemical 
energy to electrical energy using enzymes as catalysts, 
replacing the non-specific metal catalysts in traditional 
fuel cell electrodes. The specificity of the enzyme 
catalysed reactions at anode and cathode allows 
removal of components required in conventional fuel 
cells, such as a case and proton exchange membrane. 
This has led to research focused on development of an 
implantable (or portable), miniature, membrane-less 
EFC operating on fuels, such as glucose, available in-
vivo or in remote locations [1-2]. 
 
Mediated electron transfer 

Mediators form a link of transport of electrons from 
the active site of enzymes to the electrode; they do so 
by providing a redox potential suitable for rapid 
electron transfer between the enzyme and the electrode. 
Mediators are sub classified into organic mediator and 
metal-based mediators [3], the focus here is on metal-
based mediators mainly osmium complexes. In Fig 1, 
the mediator cycles between its oxidized and reduced 
forms in between the enzyme and electrode, this way 
the mediator produces current while the enzymes 
interacts with the substrate to give products. Many 
mediators are chemically stable in both their oxidized 
and reduced forms, this is important in maximizing the 
yield of current produced. Mediators used are usually 
Osmium complexes due to the fact that they provide 
stable complexes than any other transition metal. 
 
Enzymes 

Enzymes are naturally occurring molecules which 
catalyse many chemical reactions in biological cells, 
just like all catalysts, enzymes increases the rate at 
which a reaction occur by lowering the activation 
energy of the reaction and are not consumed during the 
reaction. The main advantage of the use of enzyme over 
other catalyst is as a result of its high substrate 
specificity. A particular class of enzyme of interest in 
this area of research are the oxidoreductases which 
catalyse the transfer of electrons from one molecule (the 
electron donor) to another (the electron acceptor). A 
well know example is Glucose oxidase (GOx), which 

catalyses the oxidation of glucose to gluconolactone 
coupled to the reduction of oxygen to hydrogen 
peroxide, is a well-known example, because of its 
significance to electrochemical sensing technology. 
Conclusions and future directions 

Channelling electron flow between enzyme and 
electrode is hampered by the insulating nature of the 
protein architecture surrounding redox enzyme active 
sites. Improving on this electron flow is a key challenge 
to overcome, to provide for EFC that deliver high 
enough current, and power, for powering devices [3]. 
Redox polymers based on osmium complexes co-
immobilised with enzymes on electrode surfaces allows 
for efficient electron transfer between each, generating 
substantial currents. However, improving integration of 
these components provides enhanced current capture, 
with such improvements focused on addition of 
conductive particles to enzymatic electrode films [4].  
 

 
Figure 1 Simplified schematic depiction of 
mediated electron transfer (MET) for substrate 
oxidation, with electron transfer to the electrode by 
self-exchange between reduced, Med(Red), and 
oxidised, Med(Ox), forms of the mediator (obtained 
from ref. [2]) 
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