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Fig. 1 Schematic diagram of pressurized flow driven
capillary electrochromatography (pCEC)
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Fig. 2 Schematic diagram of mini-column system to
study the voltage-induced variation in retention factor
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Fig. 3 Absorbance variation induced by the applica-
tion and its release of voltage along a column

Column: i.d. 0.05 mm, length 230 mm, packed with
IC-ANION-SW ; Sample solution : mixture of methanol
and 3 mM phthalic acid —3 mM hexamethylenedi-
amine aqueous solution (pH 6.87) (10/90, v/v)
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peak height. Other conditions are the same as in
Fig. 3
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Fig. 5 Principle of pulsed voltage induced injection

(A) equilibrium condition, (B) variation in retention
factor under electric field, (C) supplying of new sam-
ple solution, (D) generation of low concentration zone
by the release of the electric field
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Fig. 6 Typical example of pulsed voltage induced
injection

Applied voltage and its duration were —3kV and 3 s,
respectively. Sample solution: 5 mM CuCly aqueous
solution containing 0.4 mM NaCl and 0.4 mM KCI;
Column: i.d. 0.15 mm, packed length 136 mm, whole
capillary length 203 mm, packed with TSKgel IC-
CATION-SW; Detection: UV 210 nm; Flow rate: 5
Wwm/min
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Fig. 7 Separation of alkyl benzenes in pCEC

Column: i.d. 0.075 mm, packed length: 79 mm,
packed with Develosil ODS-5; Eluent: mixture of 20
mM phosphate buffer (pH 6.8) and acetonitrile
(40/60, v/v); Flow rate: constant pressure mode of
7 MPa; Detection: UV 210 nm
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Fig. 8 Relationship between the applied voltage and
relative retention factor (k/ko) of methylbenzene
(toluene) ([]), ethylbenzene (£ ), propylbenzene )
and butylbenzene (%)

Other conditions are the same as in Fig. 7.
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Fig. 9 Relationships between the applied voltage and (A) AH° and (B) AS°/R + In¢ of methylben-
zene (toluene) (L), ethylbenzene (&), propylbenzene () and butylbenzene ( X)

Other conditions are the same as in Fig. 7.
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Fig. 10 Relationship between applied voltage and
relative capacity factors of neutral solutes of m-cresol
(O), mnitrophenol ([]), and toluene ()

Column: i.d. 0.15 mm, packed length 203 mm, whole
length 289 mm, packed with 8-CD BR. Eluent: 10%
methanol aqueous solution containing 5 mM phos-
phate buffer (pH 5.0); Flow: constant pressure mode
of 15 MPa; Detection: UV 210 nm
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Fig. 12 Relationships between the pH of phosphate buffer in the mobile phase and (A) the EOF
rate, and (B) retention factors of o-cresol (L), m-cresol (&), p-cresol (X))

(A) EOF rate was measured using the partially packed syringe system (packed length:
(B) Column:

36)

applied voltage: 200V for 10 min)

1 cm,
i.d. 0.15 mm; packed length 158 mm;

packed with B-CD-BR; Eluent, mixture of 10 mM phosphate buffer and methanol (80/20, v/v);

Flow, constant-pressure mode of 10 MPa

TUH)EMTIEY T 2 — VIR LA ORNER L 2
5. $hbb, pHEZLEE 2 Z & TRITEMZIE -
PRIy bE— VT 52 ENMETH 5.
(Vosm) & RMBN ORI, KA TE

BRI IE T
j—u LR TE S,

(9)

ZZT, e n, EIF, TNERBEHMHOFEREE, ik
$,€—&%ﬁf%%.f—9 BwALEIEHI & L CRIEE ﬁ
FECILBIS % 720, AR E T LR BATERELC
ML ZOWND I L LT E U@Eéib&méné

L7285 T, BRIREWELZZWET 5 2 & TREEM IR
%%ﬁﬂ¢é EDRETDH 5.

Fig. 12-A12, BEMHO pH & BEXREEROBEHREZ R L
7z. pH2~ 4Ti AR ETIZADOME (B 5 B~

W) ThHhaH, pHb UL ETIRIEDE (FfiA o Rt
ANFEND) Lo TWwAh. ThiE, pH4~5 O Tt
BEIRREHDZAL L, REEMSELSANEEDbS/Z L%
FIRL T2, FEERIC pH 4 A58 TSR IS i 7 K
b, THRERREREE;FONT, WEzAT
)T ENTE LMo/, Fig. 122AXBWVT, pH4 RV
6.5 IR THEABEZMEELIRE LTV L DI, ¥
T = NVHIEROT X HOMEECHE L TW 5

KIZ, Fig. 12-A L [l—DOBEMEMT, B-CD-BR FIH



626 BUNSEKI
NI AERG, oo me, p-7 LY —VOGHEEIT S T2,
pH L %2 LV — VOFE OB % Fig. 12-B ISR L7z,
pH 22 L 3£ 5 2 & T, KRUMAKDOLRIEAY S A I12ZAML
LTBY, ZOREE p-7 LY —VHRDKE V. Fig.
12-A & B Z T 2 &, pHIZHY 2 BAUR B HEEE D%
1bE 7 L — VRO ZAL Ny — VB L T B 2 &8
57 %. pH6~8 DHITIE, pH O LA - T B-CD
WL TWB 7 3 7 DI 5 2 L2 & 0 aRRSE
PERLTWB I ENS, 73/ HEOBEMH B-CD &k
DUBIREL HE (ELNOBUKEDORY) LTwb e
ZbNb., —J, pH3~6 DFIMTIZY T/ — VIEDOR
BEORBIZLY, DTS TIED2MEEEOLH B S
TWwb, F7, BRBRERERED S RIEMN D L2
HWEEZ LS pHEIZBWT, REFDTNTIED S
MHRZ & B2 Eh0, AN %KM EM KM DR
BB L) ISR 52 T RN S 5. FEl
R AN Z XL ORI E L 2REAPLETIED 225, £
T EMCREE & B OMIC 2 A SHhORBERH 5 Z L8
oMoz,

fili, Fig. 10 THW LR TW B BEHEE T, X
TO&M (=6 ~+6KkVEI 2BV CEEAEM DT H
WCIETH 2 I ENBRREROEIH»SMHERIN TS,
Fig. 12 O#EHA 51 pH 5 TlE, B-CD-BR DE[iIEH T
MPCEBMEZAHL TSI LIZR DA, Fig. 10 & Fig. 12
TIIARMERMIE, 25 ) —VIREP R 5720, FKEE
W OWIEAVEE TV LH00d LR, Fig. 10 & Fig. 12
B2 EKMEMRBOECOFMIAITH 2 2%,
Fig. 10 TIX7 3 7 HE T RTORBIZBWTIEBEBM 24
LTwa. 7, BXRUREREED SHI§ 5L, AEE
FI L T %139 2SFEIR O L O KIE M LA . T
IV DR E o TIEORMEME LS LA L T2
Hl&, Fig. 12183 N5 X951, REEEAPT 5 &7l
END 72, Fig. 10 DEBREMATIE, AEEMMIZLD
V5 ) = VEOREESHHI SN T2 LS N L. L
L7%A0, BRREREED S, EEREANEICBWT
I REEMIREIZT—ETH L MBS N, F/2, W
WRFEDOBD DD HNT WD Z L hs, BN R
BN B L2 T bDLEEZ 5N,

34 XREK/7OYNT ST 1 —DRH%

Fid X912, pCEC IZBWCHEELZHIMT 52 &
T, RBORFEEI Y b=V TLZ ENMEETH LT &
PHLPIZ o7z, Fz, A R 2 5E
(2iE, FEEEIMC X % BREE O 2R 5 O A IR A
L, BICIEEE & SR &2 HN U 7235610 R 7 o 7oA FE%
LR RT I L Dol SO LN, TiREEE
FI L 72B31C b, SRR o2 b2 SR 242 & A%EE

KAGAKU Vol. 56 (2007)
ThbLEZONDL. LRELIE, WE RIE, FHEK,
Wz ay v a— LTI LNURTH L0, HRET
A& b kRO Y Fo— Vo HHERSKENI &
P CE S, 22 TERSIE, EROERBEEEZ V5
WRA7UX NTT 74 =Tk, RBEEEZHVER
sux N5 74— (RBR 27U~ N7 4—) &H
SRS LEY. WHEBR 7O M5 74 =128V,
ARHIENERICE Y 75 2 NERE L, KRB ILEE
DOBERIKINEZEL2OTIEIRL, HFEoay ba—n
FEHME LTHIMENS.

RREBELAZ AT DT T 74 —ORFIEYD, RHEETE
FUM2SRFFDOZALZ T SR $ 2 & DR %E, NEA
USRS A 5 4 (IC-ANION-SW, N 0.7 mm, FEE
12mm) ZHWTIT- 72, EIREEEIC X % RFEEL
Z/R L7z Fig. 3 OYE L FKIC, BN T L1275 VIR
FELWIH 1A/ —vE3mM 77 V-3 mM ANFY
AFVLYIT I VKBEROBEHER (pH 6.87) (10/90)]
GBI L, RBEBEZAMLzE 25, HitERE
FIMoO¥a L RS T 20 HEH SN 5 EROWSLE D
AN SN T, BERNEEILT S E, Wk
KWL DBR SNz, 2, REEEAIC X )R
BOBREEDA L, HEMP DT 5 VEEDBEIHA & BAT
L7z ZBRLTWS, $4bb, ZKRELAMILDY,
KA R 2 PO — LV TX 22 DRI N,

RIEILEIIMZ X A REE(LICO T, b 9 5% H
WTHICHE L7z, Fig. 1312R7 & 912, HINY % %Kik
WIEDH WL (26~1176 Hz) & i EMRFEAL (CHEL
FIINC X 2WOEEEOZL) OlRE Rz 25, WLE
ZALDFEELNI TR O R EUHAF L TV 5 2 &A% h
o7z, R R L LCiE, BEREATRE L R D10,
WSEEEZEAIZ NS K ooz, 72721, BURIBWHG & LT,
100 Hz Hif&2 T RFFOZAL GEA) 3T E < %
0, 300Hz 82 5D 1/3 BREOELTH - 7.
W2, 77NV HVTW L5 NOFERSEMETIE, K&
JEFINZ & 0 — i3t A (R0 »3#
HWENRTVBD, ¥270Hz DRRBEEZMLIE EZD
K, WREFOWA (POREOBKR) TiE% RFOBR (B
SEDWA) HB S .

7 5 VBUA O BB VI BA IOV T O RGET %
To7:L 25, Fig. 131IRENE X H1Z, EHERE L
TH Y FIOVEEE G il % o 72 B o JJ 0T 3 % B
24t (WokEZE L) S —id, 77 VEREIZIER—TH
572, FTbH 100 Hz {5 THRFFZEALISHE D BObE D -
FORFR I 2 IHABIN S I, 270 Hz fHE TRIBOLE O
WOBBH S TS, —), 77V, F)FLVEEE
By, REEBEZARE LTHWRES, #50~270
Hz OFEPAIC BT 2B R ZBEANT L A B S ke



T T T T T T
200 1
150 - =

_'5, 100 - -

[0}

<

X

B S50k -

o

s -
—O— phthalic acid
— O — salycylic acid
50 —4&— benzene slufonic acid —
1

L 1 s 1 " 1 " 1 L 1
0 250 500 750 1000 1250
Frequency/Hz
Fig. 13 Relationships between peak height induced

by application of an alternating voltage and the fre-
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Sample solutions: O = methanol/3 mM phthalic acid
— 3 mM hexamethylenediamine — 0.15> mM HEPES
[pH 5.6] (10/90, v/v), []= methanol/3 mM salicylic
acid [pH 2.7] (10/90), A = methanol/3 mM benzoic
acid [pH 3.0] (10/90); Mini-column: i.d. 0.7 mm,
length 12 mm, packed with IC-ANION-SW; Applied
voltage: Ve = 1 kV; Flow: constant pressure mode
of 5 MPa; Detection: 210 nm
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Fig. 14 Alternating voltage capillary electrochro-
matogram of carboxylic acids

Column: i.d. 0.32 mm, length 88 mm, packed with IC-
ANION-SW; Eluent: methanol/10 mM ctric acid — 5
mM hexamethylenediamine (pH 4.8) (10/90, v/v);
Applied voltage: (A) without voltage, (B) Vjea = 2.5
kV, f= 400 Hz; Flow: constant pressure mode of
15 MPa; Detection: 254 nm; Peak identification: (1)
uracil, (2) benzoic acid, (3) phthalic acid, (4) salicylic
acid
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Fig. 15 Relationship between frequency of an
applied alternating voltage and variation of the capaci-
ty factors of benzoic acid (&), phthalic acid (O), and
salicylic acid (L)

Applied voltage: Vieac = 1.5 kV. Other conditions
were the same as in Fig. 14.
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Fig. 16 Variation ratios in retention factor of (A)
benzenesulfonic acid, (B) benzoic acid and (C)
phthalic acid induced by application of alternating
voltage

Column: i.d. 0.15 mm, packed length 94 mm, packed
with MCI gel SCA04; Eluent: 20 mM citric acid, 10
mM KCl/MeOH (90/10), Flow: constant pressure
mode of 14 MPa
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We found a phenomenon that the application of a voltage to a capillary column can vary the
retention factor of both ionic and neutral analytes in pressurized flow driven capillary elec-
trochromatography (pCEC). Studies of this phenomenon revealed that the retention variation
depended on the magnitude of the applied voltage, its sign, and the kind of analytes. The
change in the surface charge under an electric field has an important role on the retention varia-
tion. In the case of separating alkyl benzenes in an ODS column, the applied voltage changed
both entropy and enthalpy of transfer of an analyte from the mobile phase to the stationary
phase. However, the entropy-enthalpy compensation canceled any voltage-induced variation of
the retention factor. A new injection method based on a retention variation is proposed in
which the pulsed voltage was applied to the column with continuous supplying a sample solu-
tion. Furthermore, we found that the application of an alternating voltage to a capillary col-
umn can also vary the retention factor of a sample solute. The alternative voltage capillary elec-
trochromatography (AV-CEC) was developed as an application of this phenomenon to control
the retention of a sample solute. The retention factor varied according to both the amplitude
and frequency of an applied alternating voltage and the variation greatly depended on the kinds

of sample solutes and the packing materials.

Keywords : capillary electrochromatography; retention factor variation ; alternative voltage ; sur-

face charge.



