
Rotating Disk Voltammetry Version 2.0 
Chemistry 331 

 
Objective: The objective of this laboratory exercise is to demonstrate the 
application of rotating disk voltammetry for the determination of diffusion 
coefficients and heterogeneous electron transfer rate constants. 
 
Please read sections 16-4-3 through 16-5-5 for background information on 
Voltammetry, Cyclic Voltammetry, and Polarography. 
 
Experiment A:  Obtain a cyclic voltammetry scan of Fe(CN)6

3-.  In this experiment 
you will measure a CV scan of an iron complex as a function of different scan 
rates.   
 
Test solution: 5 mM Fe(CN)63- in 0.1 KNO3/0.05 KHphthalate buffer (pH = 
4.0). 
Scan range:  1.0 - 0.0 Volts vs. Ag/AgCl reference 
Scan rate:  20 – 500 mv/sec  (test four different scan rates) 
Electrode:   Glassy carbon working electrode, Pt counter electrode, 

Ag/AgCl reference electrode. 
 
Save, overlay, and print the CV scans for each scan rate.   Why are the CV traces 
the same or different?  What does this tell you about electron transfer rates?  
Compute the diffusion rate of Fe(CN)6

3- using equation 16-21 from your text. 
 
Experiment B:  Determination of the diffusion coefficient for Fe(CN)63- using a 
rotating disk electrode. 
 
 In this experiment you measure the limiting current as a function of 
electrode rotation rate for a 5 x 10-3 M Fe(CN)63- solution. The experimental 
conditions are the following: 
 
Test solution: 5 mM Fe(CN)63- in 0.1 KNO3/0.05 KHphthalate buffer  

(pH = 4.0). 
Scan range:  1.0 - 0.0 Volts vs. Ag/AgCl reference 
Scan rate:  50 mv/sec 
Electrode:   Glassy carbon working electrode, Pt counter electrode, 

Ag/AgCl reference electrode. 
Rotation rate: 200 - 5000 rpm (five different rates covering the full range) 



 
Data analysis.   For an electrochemical process where the observed current is 
limited by diffusion, the limiting current can be related to the rotation rate of the 
electrode using the Levich equation 
(http://en.wikipedia.org/wiki/Levich_equation): 
 
   iLev = 0.62nFAD2/3v-1/6Cω1/2 
 
where:  i limiting current 
   n  number of electrons transfered 
   F Faraday constant 
   D diffusion coefficient (cm2/sec)  (this is what we want) 
   v kinematic viscosity = 0.01 (cm/sec) 
   C  concentration (mol/l) 
   A electrode area = 0.196 (cm2) 
   ω rotation rate (rad/sec) 
 
A plot of i vs ω1/2 should be linear.  From the slope of the line a value for D can be 
calculated.  In your report please include your raw data, a table with values for i, ω, 
and ω1/2, a plot of your data with the best fit line, and your calculated value for D.  
Please compare the diffusion rate determined in this experiment to the value 
determined in experiment A and to the values reported by Baur and Wightman 
(1991). 
 
Experiment C:  Determination of heterogeneous electron transfer rates. 
 
 In this experiment you measure the limiting current as a function of 
electrode rotation rate for a 1.0 M NaOH solution saturated with O2. The 
experimental conditions are the following: 
 
 
Test solution: 1.0 M NaOH saturated with O2 (1 x 10-3 M) 
Scan range:  0.4 to -0.6 Volts vs. Ag/AgCl reference 
Scan rate:  50 mv/sec 
Electrode:   Glassy carbon working electrode, Pt counter electrode, 

Ag/AgCl reference electrode. 
Rotation rate: 200 - 5000 rpm (five different rates covering the full range) 
 



Data analysis.   For an electrochemical process where the observed current is 
limited by diffusion and/or the heterogeneous electron transfer rate at the electrode 
things get more interesting.  A plot of i vs ω1/2 will not be linear but will curve 
downward as rotation rate is increased (electron transfer rates become important). 
In this case we can describe the limiting current ilim as follows: 
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where ik is the current when electron transfer is limiting (fast rotation rates) and id 
is the current when diffusion is limiting (slow rotation rates).   A plot of 1/ilim vs. 
1/ω1/2 will be linear with an intercept of 1/ik (1/id will go to zero as rotation rate 
goes to zero, see Levich equation).  The value for ik can be related to the rate of 
electron transfer as follows: 
 
   ikin = 103nFAkΓC 
 
where:  ikin kinetic limiting current 
   F Faraday constant 
   C  concentration (mol/l) 
   A electrode area = 0.196 (cm2) 
   k rate constant (M-1 sec-1)  (This is what we want) 
   Γ surface coverage of reactive species (Carbon) 
    = 4 x 10-10 (mole/cm2) 
    
In your report please include your raw data, a table with values for i, 1/i, ω, and 
1/ω1/2, a plot of your data with the best fit line, and your calculated value for k.  
Please comment on any observed deviation between your data and the data 
reported by Mamuru and Ozoemena (2009) 
 


