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Potentiometry Biomedical Signal Acquisition (191210720), 10 April2015, 13.45-16.45 hrs. 
For this electrochemical reaction: 

ox + ne Hred 
the Nemst Law expresses the electrode potential ENemst: 

E =Eo 2.303 · RT l ( [ox] J 
Nemst + nF og [red] 

with: 
E0 standard electrode potential in V 
R gasconstant, 8.314 J/(mol'K) 
T absolute temperature in K 
F Faraday's constant, 96484 C/mol 
[ox] concentration of ox in M (=mol/dm3

) 

Amperometry 
For this reduction: 

ox+ ne ~red 

an electrode reduction current can be derived, ired: 

i red = -nFAJox 
with: 

I ox flux of ox to working electrode in mol/(m2·s) 
A working electrode area in m2 

When only diffusion is involved, this flux is, according to Pick's 1st law: 

J = -D acox(x) 
ox ox ax 

with: 
D ox diffusion coefficient in m2/s 
dC0xfdxconcentration gradient in (mol/m3)/m 

Conductometry 
The flux J; of ion i by migration is, in mol/(m2·s): 

with: 

dV 
J. =-II .C .-

1 r 1 I dx 

fl; 
C; 
dV/dx 

mobility of ion i in m2/(Vs) 
concentration of ion i in mol/m3 

potential gradient in V /m 

The conductance G (!:2.1) between two plan-parallel electrodes is: 

G=-i = FA~Iz· l"·c· AV f. .L..J I rl I 
Ll 1= 1 

with: 
i, L1 V current (A) via, and applied potential difference (V) over the electrodes, respectively 
A, e area (m2

) of, and distance (m) between the electrodes 
z; valence of ion i 

and the COnductivity, 1C (Q.1m-1
): 

K=Gk 
with: 

k cell constant (=e/ A for two plan-parallel electrodes) in m-1 

or: 
II 

K = Fl:lz;IJL;C; 
i=1 



Je mag de antwoorden in het Nederlands geven. 

(You are allowed to answer the questions in Dutch.) 

Please, answer all questions as briefly as possible. 

You may use only written or printed material like sheets, textbook, lecture notes, etc., 
and you may use your calculator. 

Just as in real life, there is for some of the questions no reallOO% right (or wrong) 
answer: your arguments and discussion is what counts. 

Good luck! 

Points to be earned (100): 
Question 1: 40 points (5/4/4/4/6/4/4/5/4) 
Questions 2 - 16: each one 4 points 



1. Electrochemical sensors 

"Twenty-first century technology is giving us a new perspective of an old friend. Silver- in a new form, 

ionic silver- is emerging as the new antimicrobial wonder in dealing with viral, as well as bacterial 

and fungal conditions, in both medicine and industry. " - microbecide. com 

A silver electrode is immersed in an aqueous solution containing AgN03• AgN03 dissolves easily in 

water into Ag+ and N03- ions. The measured potential of that electrode is ENernst = 0.68 V with respect 

to a Normal Hydrogen reference electrode. The standard electrode potential of the redox reaction 

Ag+ + e f--7 Ag is E0 = 0.80 V. The solution is at room temperature, T=295K. 

a) What is the silver ion concentration, [Ag+] in the solution? 

b) Would stirring the solution change the measured potential? Why (not)? 

c) Could a chlorinated silver wire (a Ag/AgCI-wire) be used as a (pseudo-)reference 

electrode for this specific measurement? Why (not)? 

d) Could a liquid-junction reference electrode filled with a (saturated) KCI solution be used 

as a reference electrode for this specific experiment. Think carefully. Why (not)? 

We now want to verify the result of a) with a conductivity sensor. The mobility of the ions is 

llAg+= 6.43·10-8 m2/Vs and 11No3-= 7.40·10-8 m2/Vs at T=295K. 

e) What conductivity (in n-1m-1) will be found? 

Note 1: mind the different expressions for concentration: in mol/dm3 or mol/m3
• 

Note 2: if you have no answer for the [Ag+} of part a), then use [Ag+}=20'10-3 mol/dm3 = 20 mM. 

Note 3: discard the role of the water-equilibrium ([OH} and [H+}) and only consider the Ag+ and N03-

ions. 

f) Would stirring the solution change the determined conductivity? Why (not)? 

g) Assume pH 7 and the mobilities of the OH- and H+ ions of the order of that of the silver 

and nitrate ions; is discarding the water-equilibrium causing a big error or not? Explain. 

Still unsure about the correct concentration, we decide to do an amperometric experiment (being 

the reduction of Ag+ ions to metallic Ag on the working electrode by applying a potential at the 

working electrode far below 0.80 Vat t=O s ). The electrode area is A=S mm2
• The diffusion 

coefficient of Ag+ is DAg+=1.77'10-9 m2/s. 

h) What current will be measured 5 seconds after the start of the experiment? (see note 2} 

i) Would stirring affect the current? Why and how? 



2. Every sensor can be described by an input-output function . What can be concluded from this 

function when the sensitivity of a sensor is independent of the input? 

3. What must be preferably the precision of a temperature sensor with an accuracy of 0.1 °C? 

4. Is the double layer capacitance in fresh water lower or higher than in sea water? 

5. Does the conductivity of a solution depend on the size ofthe used conductivity sensor? 

6. Can you determine uncharged species using potentiometry? 

7. What is the function of the (Teflon) membrane in the Clark electrode? 

8. Why can the 502 non-invasively be determined by pulse oximetry, despite the unknown amount 

of tissue? 

9. What causes the selectivity in the electrochemical glucose sensor? 

10. Why is the liquid junction potential of a KCI-filled Ag/ AgCI based reference electrode 

approximately zero volt? 

11. We have two thermometers with comparably good specifications. One is based on a thermistor 

and one on radiation thermometry. Which thermometer would you use to determine the body 

temperature of a very small mammal and why? 

12. What simple OpAmp-based circuit could make a cheap voltmeter (with a low input resistance) 

useful for the accurate determination of the potential of a working electrode used in 

potentiometry and why? 

13. What 'trick' of nature enhances the propagation of action potentials along an axon? 

14. What can be done to increase the quality of an EEG recording, focusing on the EEG

electrode/scalp? 

15. How can breath air flow be calculated from a spirogram? 

16. (Re-) invent the microphone; what physical transduction principle would you choose to develop 

a microphone? How would yours work? Do you have alternative operational methods? 


