
Phys-99B7 Describe how the partial pressure of oxygen in a blood sample is 
measured using a Clark electrode. 
 
Background 
 
The Clark (polarographic) oxygen electrode measures the oxygen partial pressure in 
blood sample. 
 
Setup 
 

 
 
Anode 
Composition = silver/silver chloride (Ag/AgCl) 
Reaction:  Ag + Cl– → AgCl + e–   (oxidation) 
 
Cathode 
Composition = platinum (Pt, acting as conductor) 
Reaction:  O2 + 2H2O + e– → 4OH–  (reduction) 
 
External power source 
Provides potential difference of 0.6 V between anode and cathode 
 
Electrolyte 
Composition = e.g. saturated KCl 
Completes electrical circuit by carrying charged ions between anode and cathode to 
maintain electrical neutrality 
Cations (K+) will move to cathode, anions (Cl–) will move to anode  
 
Plastic semi-permeable membrane 
Separates blood from electrolyte ! prevents deposition of blood cells/proteins 
directly onto electrode 
Plastic membrane allows O2 to freely diffuse across ! oxygen tension in blood 
reaches equilibrium with that in electrolyte of the Clark electrode 
 
Temperature buffer or monitor 
In order to obtain accurate measurements, the Clark electrode needs to be buffered at 
known temperature. Otherwise, electrode temperature must be known and a 
temperature correction is applied 



Principles 
 
(1) Blood comes in contact with plastic membrane 
 
(2) Dissolved O2 diffuses across plastic membrane following difference in oxygen 
tension 
 
(3) Oxygen tension of electrolyte comes to equilibrium with blood sample 
 
(4) O2 undergoes reduction at cathode → forms OH–, while Ag undergoes oxidation 
at the anode 
 
(5) Redox reaction produces electromotive force ! produces current in circuit ! 
measured by galvanometer 
 
(6) Electromotive force (i.e. redox potential) is proportional to oxygen tension at 
cathode ∴ measured current ! derive redox potential ! calculate oxygen tension in 
blood sample 
 
(7) Clark electrode needs to be frequently calibrated using solutions with known 
oxygen tension in order to ensure accuracy and precision 
 
Factors affecting accuracy 
 
Temperature – the redox potentials are very sensitive to temperature ∴ the oxygen 
electrode needs to be kept within 0.1 ºC of known temperature 
 
Current-voltage relationship – at 0.6 V, the current-voltage relationship is relatively 
flat and thus less affected by small variations in the applied voltage. 
Large deviations from 0.6 V ! current-voltage relationship is very sensitive to small 
changes to applied voltage ∴ may produce inaccuracy 
 
Voltage-oxygen tension relationship – at 0.6 V, the relationship between voltage and 
O2 tension is relatively linear. Deviation from external applied voltage of 0.6 V ! 
non-linearity in above relationship ! inaccuracies 
 
Protein deposition on plastic membrane – affects O2 equilibration ! inaccuracy 
 
Examiner’s comments – 28% of candidates passed this question.  
 
There were some good answers, but the results overall indicate that many candidates 
do not have a satisfactory working knowledge of the principles underlying blood gas 
analysis. This may be the result of a "black box" approach to automated blood gas 
analysis. Candidates are again reminded that the theory underlying measurement 
techniques remains an important component of the syllabus and will continue to be 
examined. Most candidates included a diagram in their answer illustrating the 
components and configuration of the Clark electrode. The use of diagrams is 
encouraged, but candidates are reminded to apply clear and correct labelling. A 
diagram on its own is not sufficient to achieve a pass. Additional detail is required to 
demonstrate an understanding of the function of each of the components of the 



diagram. Some of the common errors that cost valuable marks included the following: 
the incorrect assignment of materials to the anode and cathode; chemical reactions 
incorrectly assigned to anode and cathode; unbalanced or incorrect chemical 
equations outlining the reactions at the anode and cathode; confusion as to the role of 
current and voltage; the voltage and current relationship plotted with current as the 
independent variable. Many candidates omitted a description of methods of 
calibration and factors affecting accuracy and limitations. These included the 
effects of temperature, consumption of oxygen by the electrode, problems with the 
membrane (e.g. holes, proteins), non-linearity of voltage and current. 
 


