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Abstract 
We report the first example of biofuel cell operates in 

organic solvents by separately immobilizing glucose 

oxidase and bilirubin oxidase onto dealloyed 

nanoporous gold. The effect of water content on cell 

performance was evaluated. An inverse linear 

relationship of power density and log P of monohydric 

alcohols was revealed. 

 

Introduction 
It has been fully accepted that enzymes can retain 

their activities in a large number of organic solvents 

now
[1]

, despite the fact that for a quite long time 

enzymes were thought to function only in aqueous 

media. Enzyme molecules are rigid enough to preserve 

their native structures and some of the essential water, 

performing as molecular lubricant for conformational 

flexibility of enzyme, remains bound even in organic 

solvents containing little or no water. Consequently, the 

field of enzymatic catalysis and biosensing has been 

significantly extended. As for biocatalysts, altering the 

bulk water by organic solvents is conducive to 

improvement of substrate solubility, increase thermal 

stability (i.e. operational stability), suppression of side 

reaction generated by water and rational control on 

enzymatic selectivity. Meanwhile, studies on redox 

enzymes that immobilized at electrode surfaces 

(enzyme electrodes) in organic solvents to date have 

focussed on biosensing
[2]

, with emphasis on the effect 

of solvents on enzyme activity. Several factors have 

been taken into account. Among them, log P (a 

quantitative measure of solvent polarity)
[3]

 and 

dielectric constant, are generally considered, as they 

describes the ability of organic solvents to distort the 

hydration layer
[4]

. Besides, the solvent viscosity 

dominates the enzyme electrode behaviour in a 

mediator diffusion controlled process
[5]

. 

Since the first enzymatic biofuel cell (BFC) 

described in 1964
[6]

, vigorous efforts have been put into 

development of miniaturized BFCs with extended 

lifetime and increased power density in the aspects of 

enzyme immobilization, enzyme selection, new 

electrode materials, enzyme cascades, etc. 
[7]

 However, 

most of them are tested in physiological conditions, 

with a lack of interest in organic phase enzymatic 

BFCs. One can expect that the scope of BFC can be 

widened by achieving power from hydrophobic fuels 

(e.g. fatty acids) in organic solvents which are less polar 

than water and from low water content samples of 

pharmaceuticals and petrochemicals.  

Herein, we adopted a well studied glucose/O2 BFC 

using Aspergillus niger glucose oxidase (GOx) and 

Myrothecium v errucaria bilirubin oxidase (BOD) 

entrapped with osmium polymers: [Os(4,4′-dimethyl-

2,2′-bipyridine)2(polyvinylimidazole)Cl]
+/2+

 

(Os(dmbpy)2PVI, Eo 0.12 V vs. Ag/AgCl) and [Os(2,2′-

bipyridine)2(polyvinylimidazole)Cl] 
+/2+

(Os(bpy)2PVI, 

0.22 V vs. Ag/AgCl). Poly(ethylene glycol)diglycidyl 

ether (PEGDGE) served as cross-linking agent. The 

enzyme/redox polymer mixtures were stabilized onto 

dealloyed nanoporous gold (NPG) electrodes. Both the 

bioelectrodes displayed reversible recovery of their 

initial activities in PBS after operation in organic 

solvents, making them capable for continuous 

operation. We observed an inverse linear relationship 

between maximum power densities obtained from 

straight-chain monohydric alcohols (MeOH, EtOH, 

PrOH) and their values of log P. We believe that further 

study on development of new type organic phase BFCs 

will further enlarge the area of energy device. 
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