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Abstract : Progresses in electrochemical detectors for micro high-performance liquid chromatography
using separation columns of inner diameter less than 0.5mm are mainly reviewed. This review
covers cyclic semidifferential voltammetry for determination of suitable applied potentials of
various electrochemical detectors, electrochemical detectors using a single working electrode,
electrochemical detectors using two working electrodes, electrochemical detectors scanning electrode

potential, and in vivo voltammetry using micro electrodes.
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Fig. 2 Comparison of cyclic e vs. E and ¢ vs. E curves for typical organic
samples with glassy carbon working electrode in Britton-Robinson buffer
at a scan rate of 100mV/sec. (A) 8 #kM p-aminophenol, pH 6.3, (B) 3004M
p-benzoquinone, pH 2.8, (C) 100 #M m-dinitrobenzene, pH 4.1.
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Fig. 4
single working electrode for micro high-perfor-
(A) Side view
(B) front view of spacer. 1=Working

Electrochemical detector cell with a

mance liquid chromatography.
of cell,
electrode (glassy carbon), 2=reference electrode

(Ag/AgCl), 3=counter electrode doubling as

" outlet (stainless-steel tube), 4=spacer (teflon

sheet),
as inlet, 6=slot.

5=micro separation column doubling
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Fig. 6 Electrochemical detector cell with two
working electrodes in series configuration. (A)
Side view of cell, (B) front view of spacer. 1,2=
Working electrodes(glassy carbon), 3=reference

electrode (Ag/AgCl), 4=counter electrode

doubling as outlet (platinum tube), 5=spacer

(teflon), 6=micro separation column doubling

as inlet, 6=slot.
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Fig. 7 Cyclic semi-derivative voltam-
mograms of 0.1 mM catechd]amines in
Britton-Robinson buffer of pH 1.8
containing 0.5 mM HSA and 0.1 mM
EDTA at a scan rate of 40 mV/sec.
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Fig. 8 Selective detection of catecholmines in

two human urines by series dual electroche-

mical detector. (A) Anodic response, (B)
cathodic response. Sample : 100 #1 of healthy
human urine, applied potentials (vs. Ag/AgCl):
anode 0.60 V, cathode 0,20 V, flow rate: 8.3

pl/min.
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Fig. 8 Cyclic semi-derivative voltammo-
grams of 1.0 mM DOPAC, HVA, and 5-
HIAA in Britton-Robinson buffer of pH
3.6 containing 10% methanol, 50 mM
sodium perchlorate and 0.1 mM EDTA at
a scan rate of 100 mV/sec.
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Fig. 10 Selective detection of biogenic amine
metabolites in two human urines by series dual
electrochemical detector. (A) Anodic response,
(B) cathodic response. Peaks : 3=DOPAC, 4=5-
HIAA, 5=HVA. Sample : 0.3 ¢l of healthy human
urine, potentials (vs. Ag/AgCl): anode 0.80 V,
cathode —0.05 V, flow rate : 8.3 gl/min.
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Fig. 11 Electrochemical detector cell with two 1 2:3
working electrodes in parallel-opposed config- of " - )
uration. (A) Side view of cell, (B) front view Hmin) e
of spacer. 1,2 =Working electrodes (glassy Fig. 12 Selective detection of catecholamines
carbon), 3=reference electrode (Ag/AgCl), in two human sera by parallel-opposed dual
4=counter electrode doubling as outlet (plati- electrochemical detector. (A) Anodic response,
num tube), 5=spacer (teflon sheet), 6=micro (B) cathodic response. Sample : 200z of human
separation column doubling as inlet, 7=slot. serum spiked with 100 pg of DHBA, potentials

(vs. Ag/AgCl) : anode 0.60 V, cathode 0.20 V,
flow rate : 8.3 pl/min.
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) . subtracted backgraund currents, (B) conven-
adhesive resin, 5=carbon paste, 6=glass tube,
tional chromatogram at a constant potential of
0.70 V vs. Ag/AgCl. Peaks : 1=DHPG, 2=NA,

3=AD, 4=DHBA, 5=NM, 6=DOPAC, 7=DA.

7=insulator, 8=electrical wire.
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JLENWEE«ruv s T4% Fig. 14 A WRd, BMNOERE
WHEBEAVEZY A ) —-X T —0.20V 225 0.80V vs.
Ag/AgCl F THRIUVEUITE 512, 83, FRREE, A7y 7
BE, BLF27y 7TREELTZNZN 30mV, 5mV, X
" 68msec » 1z, KrPd DHPG, DHBA, X8 NM &
ZNZN34-veFaxr 3y Jo==VFYa—-u, 3,4-DE R
BEFFONRUVUNTIY, BIXE I NVXEZRTY Y BET, 2
Fig. 14B BHEKD 0.70V vs. Ag/AgCl DEBAIRHETH S 0 500 1000 1500
Nrya<br5aThY, DHBA & NM ik OAMEHRTE Tine (eet
EEERBEEALALTHA1D, HAE2KIL TRIETSC Fig. 15 Reconstructed chromatograms
LT ERV. LivL, BAEERRIETRS C — & O % at different potentials in scanning

electrochemical detection. Potentials
M3 EEBFCERTZRAEST S EDTx, DHBA & NM i (mV vs. Ag/AgCl) : (a) 295, (b) 555,
TNTNORCELBA S KRB 129, Fig. 16 TR T & 5CH (c) 725. Other conditions are the same
WRBMTO /a2 by Fakar Pa-2— T YERIES as in Fig. 14,

Current (nA)

l 10nA
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CEWE > CHFERT S CEVARETH 5,

Jorgenson 5 3~4DIBEME T CEHZ Om DH—- K2 7 7 4 N—2REISMm OHFZEX v €5 Y - 7 affic
ALT, £ 0.3mm 2{EAERETAIBHRBERVEZL 2 MY — itk 3BAEE BE SACERE BT OV TRET L
Ko COXHIRBMEI ZHL T2 E 1V/sec OEFETEMEZERL ILHETHHRED (R) @I BERTGER)
WEBENEZETTLDELDILLIED, BRERAVEIESSAZSTFRERD L& RHERLIL. EEKRTHR, H5
NICBRRT — 4 — 2BEAENTHL THAL TERIVBBLERE T, MM EFaxs L T 1078M OFH A
o B, 5 COBMEARMBHIRZREL €I V=207 57 4 —THY, OMEL ORI
DMRIEEMEOIWICISHAL, 7 = & FEN (107 5moles) L RVDFE—/83 v, tv b=y, Foyy, XK
YT RT 7 DERITHIIL .42 36T, COMEBBPEXxEF )V -2a< 537 4-DF 70y MA
BT A FIATE AT L 26T 12,8

FOEOYEAEKOE U WRBMHED, 74 IV 557 4 -XVBO TN LBBIBBEL (U TES L5
WIS T &2, RokHWRCOHERZRIAL TH I 2R EWCI6ERDWNG/ S K685 7LV - BEZRFL, &
[EERB LNV BMAL Tz, N> FEMIFZ250m TEBRES 25pm ThHY, SAFKTF Vv FRE 0 PRI HTE
NZ NOBMRCHILICER 2FHNML, 16EOBMTOERZHEL T3, BASHEZ L2 10DIT16ED N F
BRRICAIMT 3B A2 ES5HA AT v FIRBZCLITE - THSMEOBN TOBEFKZHEL T, K2 E-u< by
TARERIVTNE, CDOLHI, 35TV LTy o BEERETGES TS ERNER CREMEARES
LR & SO ROTHEEROBELLIBONI O3 b DEFRINS .

5. I/OBWEROBAVER-KLay XpY—

BIOMMRNO MELEVHTH A HTFa -7y, vu b= (5-HT) R EDEBEETI V%2 "HEET
WA (in vivo)” T “E#E (real time)” WWHIETAA L ER « K E 2 2 b Y — BB 3D T
BRSHIFRBHT & U THIRF SN T 3 95~4NEE 5 0 (3 /E A RE
EUTHRTMM ODH—-RV 77 AN B HIZAFxET ) =K
HALTEIWNO0.5~1mm ® Fig. 16 \CRT L5753 7 nBER
ZREL, Ty MRANOEBRERT I DA ER - KV 2
b Y - DI OEBRE 21T/% - 12 (FAIEKBRMIZ0.002M Fi
BRSO3 B AEKD Y o BREEK (PH 7.4)FRT 70Hz O=AK
Rife® 0V 5 3V vs. Ag/AgCl OENHEPH C208HENd 5 A
BRSO EESDRHEL 12, CO X 5 LBEBNE 2 L 1Bk % -
v, EBEAHEAO Y BEEK (pH 7.4) T DA & DA ®
KBtk Th B 7o (TYR), DA OREYTHS HVA,
FUOAv k=7 roD 5-HT 2ZnNZFNHEIR B LB
NIz A2 Y o 2EBMS RV EE ST A% Fig. 17A, Fig. 17B, Fig. 16 Structure of a micro carbon
B Fig. 181CTT, COI CHFa—VE R HFTZD fiber electrode for in vivo voltammetry.
[£0.05V vs. Ag/AgCL 1T, A v K- VEEHTS SO carbon paste, 3=glass capillary pipette,
0.23Vic, x & vERHETZ D1k 0.34V MR ZhZNER 4=Araldite resin, 5—electric wire,
=2 2RTCEPELLITL 5120 KT 7 v BRI X 2FH 6=insulator.

10 ~ 30mm

1=Carbon fiber (7 pm diameter), 2 =
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Fig. 18 In vitro cyclic semi-derivative volta-

Fig. 17 In vitro cyclic semi-derivative volta- mmogram of the mixture of dopamine and

mmograms of mixtures of dopamine and its indoleamine with micro carbon fiber electrode.
Sample : 10 kM DA containing 1 ¢pM 5-HT.

Other conditions are the same as in Fig. 17.

forerunner or its metabolite in phosphate
buffered saline (pH 7.4) with micro carbon
fiber electrode (7 um diameter, ca. 1 mm
length). Sample : (A) 10 #uM DA contaning 10
M TYR, (B) 10 #M DA containing 10 #zM
HVA, scan rate : 100 mV/sec.

[RF4x DAT 100"M, DOPAC T5 X107¢M, 5-HT TI10°™M, ¥ L *5-HIAA T107¢M Th o177, 22D 3
raH—=-RKr T 7 AN-FEEE T v MRNOEADBRFERPICZNZTEAL, ZREMR (Ag/AgCl), X UMK
(Ag #) 2REEL WHAAT, SKE:, PEORRETHEL YA 2 Y v 2 ¥RV 2255 A% Fig. 19
WiRTe 235, 7 v MRANOEBOIERAADOETO—M% Fig. 20 1WRT5 EHOREARL § 0.07V L1 ¥
0.24V vs. Ag/AgCl fHiKiIT 2 DOMILY — 2 BB INT, ThHDE -2 ZAENRARD 7 2 - VEREOA
YE=LBIREBIDTHDY, TNHOELBEEITTRY 100°M £ -4 ThHBEFHINS,

PR EH AP OAEBEE 7 T LD 1005 3EFRREINTVE 7RI v v BROKEIR R 7 o EAEE? b
D& ) LEAMCEMOILE 21755 CL R - THMBREVEL D, FIREVTEB, 2z, 7 olfAEE
K% Nafion O X 5 LRI FBIA F o ZZHRATHRZEML 120 2 DEMEKHEIT 7 X 200 &2 BIERURESE 2B
Bk o TRFFIEBCERN L > TH T RANVEVRROBBER ENTEZ EREINT S, Wightman
5503 7 2 A e U BROBEBSACENIFIIE2ZFIHLU TRER VA 2 PV —RED Ty MERIRBWTH T a-v
7IVEBRMTBRHU TOWE, #73—-V7 3 U ERRBEE—OBUBMNZEL TEBY, #0202 Y —-TrA
FaA- N7 I UHEDOHBERHGEETH S, Wang 555 3FHEY 4 AOEABBEE 2t va -2 7€7— b
ETHEBEL 12D, 0.007M KER{Ew Y ¥ A IERAPIC—ERBR T LTk - THIKDBL T, ROMAE %2 HlMEd
52ikh, DA 20 A7 a -7 IV E» L HFH A XOERFAL CRRMICTHHTE S L 2RHLTY
2, COFMZI 7 uBRICERATENEIIBEDRE ALV ER K2 2 PV —-BERING EEBELOND,
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Fig. 19 In vivo cyclic semi-derivative
voltammograms in the corpus striatum
of rat. (A) Left corpus striatum, (B)

right corpus striatum.

Electrode holder
Micrometric screw
Ag/Ag Clreference electrode

3 channel plug Fixing bar

Stand

Dental cement
“T"screw

(auxiliary electrode)

10mm

scale

Fig. 20 Schematic description of the implantation
of micro carbon fiber working electrode etc. on rat

brain.

BREA L ER K202 Y -Be—RCHERINTOS 2 7 o BROBEZEINI06m Th b 1 EOMEEN 2 AlE
THRRENLKEIBES, #, Tauc 5% FHEES~10pm OH— K> 7 7 4 NI GBIHEHH % & L HERSER 7
NV U AR TREE (50Hz, 2~6V) ZEHIIL TN GEMBUE 21T 5 C Ltk o T, HE 0.4~1.54m O
UVt T Y aEREERU 1, Ewing 5% 3 ARE 2 INBL TH &MU ICEHAEN 1 ~4pm GEF AT -
Wiz, 220 F2A2BULLBLMMLLMBT I LRI ->THF AT ) -NECRERZFTHSE, HE1m O
YT Y SEREZEREL IC. RS0 @MEI 1 pam U TOERER b DYV b T T 7 o Bl EER X
v RFERICIOIEHRLU T2, CN6D YNV T 7 o2 V2 CBE—MEPH TORELSTIREL 50, 4 EK -
FWE A ) -DREMCHERETS CEMBHEINS, S51T, HETIEBRE R V2 v 2 b)) -EBOBIXER
THEINTEY, AVER RV E U AP =B TREEEFCE 5 T30, BEOEREHOER2 %4
&, BREUTKNEZEY T 2PHET X2 HBEOIRICES CEBFHINS,
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