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A quantitative electrolysis of an electro-active species in a sample solution can be achieved very
rapidly when the solution is allowed to flow through and be electrolyzed at a column electrode.
Complete electrolysis of the species is attained with a small over-voltage, even if the electrode
reaction is slow, because the species is electrolyzed repeatedly during a long residence-time of
the solution in the column. The electrolytic method using the column electrode is suitable for
automated or remote-controlled operation. Because of such unmatched advantages as men-
tioned above, the column-electrode electrolysis method has been widely applied to the coulo-
metric determination of species in a flowing sample solution and to liquid chromatography as a
coulometric detector. This technique is especially favorable for elucidating mechanism of such
complicated reactions as that involving unstable intermediates. In the present article, a princi-
ple and a feature of the column-electrode electrolysis, an electrolytic chromatography and a
coulopotentiography are presented and the advantages of these methods are reviewed based on
recent works on the application to flow-injection analysis and to a study of the reox reaction of
actinide ions or biomolecules as well as the reaction of short-lived radicals.

Keywords : column electrode ; flow-electrolysis ; coulometry; chromatography; analytical applica-
‘ tion.
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Fig. 1 Block diagram of the flow electrolysis system with three-step column electrodes (top) and

scheme of column electrode (bottom)

(1) working electrode of glassy carbon fibers; (2) Pt counter electrode; (3) reference electrode; (4)
contact for working electrode; (5) electrolytic diaphragm (porous Vicor glass cylinder); (6) compart-
ment of counter electrode ; (7) flow of sample solution
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Fig. 2 Automated analytical method for determining manganese in seawater (Ref.: 17)
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potential / V vs. SSE

— 3

Fig. 3 Coulopotentiograms for reduction and oxidation of uranium, neptunium and pluto-
nium ions in 1 M HCIO; recorded using multi-step column electrodes of GC fibers (Ref.:
17)

Pretreatment of GC fibers as working electrode; Tokai Carbon Co. GC-20. The potential
was scanned repeatedly between +1.0 and — 1.0 Vin 0.5 M HoSO, flow through the column.
Coulopotentiograms 1(U): reduction of U(VI); 1(Np): reduction of Np(VI); 1(Pu): reduc-
tion of Pu(VI); 2(U): oxidation of U(IV); 2(Np): oxidation of Np(V); 2(Pu): oxidation of
Pu(V); 3(Np): oxidation of Np(III); 3(Pu): oxidation of Pu(IIl); 4(Np): reduction of
Np(IV); 4(Pu): reduction of Pu(IV). Concentration of uranium, neptunium or plutonium
ion in the sample solution: 1 X 10 * M Flow rate f of the sample solution: 1.5 ml/min.

Potential scan rate v: 0.2 mV/s.
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Flg 4 Coulopotentiograms for the reduction of
Np(V) in 1 M HCIO, using the column electrode of
“inactive” GC fiber working electrode (Ref.: 9)

GC fibers working electrode; Tokai Carbon Co. GC-20
without pretreatment as described in Fig. 3. Con-
centration of neptunium ion in the sample solution:
1 X 107° M; Flow rate f of the sample solution (ml/min):
(1) 0.52, (2) 0.35, (3) 0.16; Potential scan rate v: 0.2
mV/s.
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6.8 x 104 M K,IrClg
(mediator solution)

P: HPLC pump
| : injector

0.25 ml/min

T: T-mixing
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Fig. 5 Schematic diagram for continuous-flow column electrolytic spectroelectrochemical
method for the measurement of reduction and oxidation potentials of proteins (Ref.: 44, 45)
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