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Electrochemical Detection in Micro Flow System

Masashi GOTO
Department of Pharmaceutical Analytical Chemistry, Gifu Pharmaceutical University, 5-6-1,
Mitahora-Higashi, Gifu-shi, 502-8585,Japan

Recent advances in the design and application of electrochemical detection (EC) systems
in micro flow analysis, capillary electrophoresis (CE), are reviewed, with the objective of
providing with the picture of CEEC instrumentation and an overview of the primary analytes
and samples for which the technique is best suited. In particular, instrument innovations
designed to aid in decoupling the CE and EC systems electrically and in aligning them
physically are described in detail. In addition, CEEC applications are summarized for four

specific analyte groups:
carbohydrates.

catecholamines,

thiols and disulfides,

amino acids, and
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Fig. 1 CEEC systems: (A) end-column configuration, (B) off-column configuration. (1) High
voltage power supply, (2) buffer reservoir (includes CE electrode), (3) fused silica capillary, (4)
potentiostat, (5) cell for end-column electrochemical detection (includes CE electrode,

capillary outlet, and working, reference, and auxiliary electrodes), (6) CE electrode reservoir
for decoupled system (includes CE electrode and decoupler), (7) cell for decoupled
electrochemical detection (includes detection capillary outlet and working, reference, and
auxiliary electrodes). From 3), with modification.
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Fig. 2 CE decoupling methods: (A) end-column (no decoupling), (B) coverd fracture (porous
glass, Nafion tubing, Nafion film etc.), (C) long cast cellulose acetate or Nafion decoupler, (D)
cast Nafion end-column decoupler, (E) etched decoupler. From 3), with modification.
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Fig. 3 Alignment methods used in CEEC: (a) Side view, (b) top view of electrodes,
(A) in-capillary, (B) optimized in-capillary, (C) wall-jet, (D) on-capillary (metal wire across),
(E) on-capillary (conductive metal coating) configurations. From 3), with modification.
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Fig. 4 Dual-electrode CEEC systems: (a) Side view, (b) top view of electrodes.
(A) series (wire-wire), (B) series (tube-wire), (C) parallel (disk-disk), (D) series (ring-disk)
configurations.
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Table 1. CEEC of catechol compounds®

Analyte type Electrode Alignment Decoupling Reference
Catechols CF ICE None 49)
Catecholamines CF ICE Porous glass 48)
CF WIE None 35)
CF ICE Cast Nafion end-columun 45)
CF ICE Etched capillary wall 29)
GC WJE Palladium tubing 41)
Au (SWD) WIE None 40)
Catechols and catecholamines CF ICE Porous glass 44, 46, 47)
CF ICE Cellulose acetate 23)
CF 0-1ICE None 32)
CF WIE Cast cellulose acetate 25)
Pt WJE Teflon end—column 38)
Au ICE Nafion tubing 17)
Au OCE Nafion tubing 17)
Au OCE None 42)
Catechols and phenolic acids CF ICE Nafion tubing 18)
CF ICE Palladium tubing 24)
Catecholamines and phenolic acids
CF ICE None 7
CF None 51)
Catechols, catecholamines, and phenolic acids
CF None 30)
Cu ICE Porous glass 52)
CF ICE Cast Nafion 26)
CF ICE Cast Nafion end-column 27)
CF(Dual)  WJE Bare fracture 50)
Phenolic acids CF ICE Nafion film 28)
CF ICE Cast Nafion 94)

* From 3), with modification.
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Table 2. CEEC of thiols and disulfides®

Analte type Electrode Alignment Decoupling Reference

Disulfides RuCN/CF ICE Cast cellulose acetate 25)
Au/Hg ICE None 53)
CoPC/CP WJE Nafion tubing 57)
CoPC/CCC WIE Palladium tubing 58)
Au(PAD) 0-ICE Nafion film 59)

Thiols and disulfides Au/Hg (Dual) ICE Paradium tubing 54)
RuCN/CF WJE None 56)
Au/Hg (Dual) ¥ Bare fracture 55)

* From 3), with modification.
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Table 3. CEEC of amino acids¥

Analyte type Electrode Alignment Decoupling Reference
Amino acids CF ICE Nafion tubing 18, 61, 62)
GC WJE Palladium tubing 41)
AAO/CP WJE - Cast cellulose acetate  25)
Cu WJE None 37)
CF ICE Nafion tubing 60)
Cu ICE Bare fracture 64)
CF None 51)
Cu WIE None 66, 76)
Amino acids and peptides CF ICE Porous glass 67)
Cu ICE Porous glass 52)
Cu WJE None 65)
Peptides CF ICE Nafion tubing 63)
Cast celullose acetate 25)

* From 3), with modification.
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Table 4. CEEC of carbohydrates#

Analyte type Electrode Alignment Decoupling Reference
Simple sugars Cu WJE None 33)
Cu ICE None 70)
GOD/DMFc/CP  WJE Nafion tubing 57)
Cu,0/CCC WIE Palladium tubing 34)
Ni WIE None 35)
Cu WIE None 35)
GOD/Pt OCE None 42)
Simple sugars and sugar derivatives
Au (PAD) ICE Nafion film 19)
Au (PAD) None 68)
Cu WJE None 73)
Au (PAD) 0-1CE Cellulose acetate film 69)
Cu WIE None 66)
Au (PAD) 0-ICE Nafion film 59)
Cu/Au OCE None 42)
Cu WJE None 72,76)
Sugar derivatives Au (PAD) OCE Nafion tubing 17)
Sugars and organic acids Cu . WJE None 75)
Polysaccharides Cu WJE None 74)
Sugar conjugates Au (PAD) ICE Nafion tubing 7).
CoPC/CP WJE Cast cellulose acetate 24)
Au (PAD) ICE Nafion tubing 78)
Ni WIE None 71)
Cu OCE None 42)

* From 3), with modification.
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Table 5. Other CEEC applications#

Analyte type Electrode Alignment Decoupling Reference
Aminophenols CF ICE Cellulose acetate film 23)
Phenols CF ICE Bare fracture 89)
Diphenols CF ICE Etched capillary wall 29)
Chlorophenols GC WJE Palladium tubing 41)
Indoles CF WIE None 39)
Aminopyrines CF ICE Nafion tubing 87)
Anthraquinones CF ICE Nafion tubing 62)
NAD"/NADH CF (Dual) WJE Bare fracture 50)
Purine bases CF WIE None 86)
Prine bases, ribonucleosides, and ribonucleotides
Cu WJE None 79)
Creatinine and uric acid Cu WJE None 76)
Vitamin B, CF (Dual) WJE Bare fracture 50)
Vitamin By CF ICE PTFE/graphite 21)
Amine derivatives Cu WJE None 84)
Sulfonamides CF WJE None 81)
Cholic acids CD/Au 94)
Nitroaromatic compounds Ag/Au WJE None 80)
Dye compounds Pt WJE None 83)
Albmin CFA WJE None 82)
Cytochrome C Cy/Au WJE None 93)
NO,” CF ICE None 49)
Metal ions Au/Hg ICE None 49, 85)
Au (PAD) None 90)
Pt (PAD) None 90)
Au (VOD) WJE None 96)
Ferrocenes Pt ICE Nafion/porous glass 22)
Hydrazines Pt/CF ICE Nafion tubing 88)
Pd/CFA WJE Nafion tubing 91)
Hydroxylamines Pd/CFA WJE Nafion tubing 92)

* From 3), with modification.
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