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Electrochemistry

• a wide range of different methods and procedures

• adjusting ox. states in the flow apparatus

• mainly for the analytics of organics, not a separation

• Czech electrochemistry tradition

Fig. 1: Scheme of the flow-through electrochemical cell (Ferg, 2012) 



Electrochemistry and SHE

• SHE radiotrace – low conc., T1/2 = ~ms–s

• oxidation state adjustment

• without chemicals – green chemistry

• chemical properties, characterization

• further experiments, separation

• not very widespread in radiochemistry

• for transuraniums (Toyoshima, 2008)

• Yb, Ce, Sr  → No, Md

• electrodeposition, α-spectroscopy (2007 - )

Why?

Fig. 2: Periodic table with SHE highlighted

Fig. 3: Elchem cell for uranium analysis (Hideyo, 1986)

Source: Hideyo Takeishi et. al, Analytical Chemistry 1986 58 (2), 458-462, DOI: 10.1021/ac00293a043



Fig. 4: electrochemistry apparatus made by (Toyoshima, 2008)

Source of the figures: Toyoshima et al.,. Radiochim. Acta. 2008-6-1, 96, Nr. 6, p. 323–326. doi: 

10.1524/ract.2008.1498; Toyoshima et al., J. Am. Chem. Soc. 131, 9180-9181 (2009). Fig. 6: Oxidation probability by (Toyoshima, 2009)

Fig. 5: Results of chromatography by (Toyoshima, 2009)



Basic assumptions

• SHE oxidation state adjustment

• one-atom-at-a-time mode, fast

• minimalization of sorption and electrodeposition

• compatibility with other parts of the CTU apparatus

• flow arrangement

• three-electrode system

Fig. 7: Scheme of the whole FNSPE experimental apparatus



     

    
       

   

     

    
       

         

     

    
       

           

     

    
             

             

     

    
       

        

     

    
       

             

     

     
       

   

     

     
       

   

RaFEC
Rapid Flow Electrochemical Cell

Fig. 8a Fig. 8b Fig. 8c Fig. 8d Fig. 8e Fig. 8f
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[1] NuDat 3.0: Search and plot nuclear structure and decay data interactively. Upton:

National Nuclear Data Center (NNDC) at Brookhaven National Laboratory, 2021.

web: https://www.nndc.bnl.gov/nudat3/.

Fig. 9: possible Tl radioisotopes, source [1]

Fig. 11a+b: Tl speciation

Fig. 13: sample spectrum with 

marked ROI

197Au (3He, xn) Y

electrochemistry cell
RCPC, ASV, chronoamperometry, 

chronocoulometry, CV

201Tl

0,2M Aliquat 336

kerosene

1 m/m % 1-octanol

Fig. 12: LLE scheme

Fig. 10: sample 

experiment scheme



Fig. 14: Scheme of RaFEC v1.5 apparatus

               

            

            

         

       

         

         

  
      

         

        

                    

         

  

 
 
  

  
 
  
  

 
  

 
 
 

 
 

 
 
  

  
 
  
 
 
 
 

 
 
  
  

  

         

     

         

           

      

 
  

 
 
 
 
 
  
 

 
 
 
 
 
 
  
 
  

  
 
 
  

 
  

 

 
 
 

 
 
  
 

 
 
 

      

          

   

            

            

 
 
 
 
  

  
 
  

 
  
 
 
 

                

                             

           

         

     

           

         

            



Fig. 15: Picture of RaFEC v1.2 apparatus (04/2025)

Fig. 16a: Detail of the apparatus –

compartment of isolation

~300 µL/min

~20 seconds CT

Fig. 16b: VYCOR glass

(UCT Prague)



Results

• long way to optimization

• expected behavior in flow arrangement for cyclotron Tl

• problems with 201Tl (T1/2 = 3.04 d)

• significant sorption onto surfaces

• low activity for sufficient accuracy

Fig. 17a: E for individual samples 

and potentials (cyclotron Tl)

Fig. 17b: E for individual samples and potentials (Tl-201)



Fig. 18a+b: E for individual samples and potentials

inserted potential [V] inserted potential [V]



 

   

    

    

    

    

             

 
 
 
 
 
  
 
  

  
 
 
 

 

                  

                      

                                                               

0 V

0.1M HCl distilled water

oxidation, „+  9  “

~ 15 μA

Tl+

Tl3+

anion-exchange resin Dowex  1X2 100-200 mesh

Fig. 19: Results of chromatography with anex



Conclusion

• electrochemistry apparatus RaFEC v1.2

• capable of adjusting the oxidation state of Tl (cyclotron) radiotraces

• 201Tl: further research needed



Further research

• optimization

• miniaturization

• isolation compartment

• sorption

• other elements

• Ce, V-Db, Hg-Cn, Au-Rg

• automatization

Fig. 20: Periodic table (     ö), source: [2], changed

[2] Phys. Chem. Chem. Phys., 2011, 13, 161-168
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