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Abstract

A mathematical model is developed for the impedance response of immobilized glucose oxidase electrochemical
biosensors. The coupling between the homogeneous reactions and heterogeneous reactions considered in the model
included anomerization between a-D-glucose and 8-D-glucose and four reversible enzymatic catalytic reactions trans-
forming S-D-glucose and oxygen into gluconic acid and hydrogen peroxide. The electroactive hydrogen peroxide was
considered to be reversibly oxidized or reduced at the electrode. The electrochemical system was modeled math-
ematically as a one-dimensional boundary-value problem and solved by use of Newman’s BAND algorithm. The
corresponding impedance was calculated for each specified frequency. The resulted limiting current, reaction pro-
files, and impedance response provide insights into the influence of system parameters such as interstitial glucose
concentration and enzymatic rate constants. This model has a potential application in predicting sensor design and
diagnosing sensor failure mechanisms.
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1. Introduction

Diabetes is a chronic metabolic disease, to which, in 2012, 1.5 million deaths worldwide were directly attributed
[1]. Since the treatment requires frequent testing of blood glucose levels, the development of highly sensitive, pain-
free, and low-cost glucose biosensors has attracted broad attention over the past five decades. The research on glucose
biosensors was pioneered by Clark and Lyons [2], who raised the concept of biosensors in 1962. Their work was
followed by Updike and Hicks [3], who developed the first practical enzyme-based glucose sensor in 1967. Three
generations of glucose biosensors have been developed to date. The first-generation glucose biosensors were amper-
ometric sensors based on the oxygen—hydrogen peroxide pair as a mediator. They either detected the consumption of

oxygen by applying a negative potential [3] or monitored the production of hydrogen peroxide by applying a positive
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