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Schematic diagram of pressurized flow driven capillary electrochromatography (pCEC)
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Fig. 2 Effect of applied voltage on the separation of
sulfite, sulfate, and thiosulfate ions

Applied voltage : (A) 0 kV, (B) —1 kV, (C) +4 kV,
Column : i.d. 50 um, packed length 220 mm, capillary
length 304 mm, packed with IC-ANION-SW (dp. 5
um). Mobile phase : methanol/aqueous solution
containing 5 mM phthalic acid, 5 mM hexamethylene-
diamine, and 0.15% HEPES {4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid} (pH 6.8) (10/90).
Detection : UV 210 nm

DAT) v & — (splitter B) FIZEIML T2, #@HId,
REBBMEZAT) 2o AOMEFH L, MO 5 —3—
WIEIZHOBEEXANT A, B, A T2 —0
HEAE 05uL) BFXYETY—F S L OEMEE L
TRRETELD, BPHEAICRAT) y "4 vV ”
YavERHWTWAEY, FIA Vs = HwEH T
ETATY y MM YV r ¥ a rZiThhWEBRREDL T
BETH Y. A7) vy —BITiE, HEEAROKKD
I, BIEEVINERCSE S 2 BWUCH A5 5 2 NIZHTE
WAL B AR5 2 52 L 2T 2080 H 5. A
Il B (splitter B) '@@%’f\ﬁﬁ@k D FET 5 5RE
W, ENERZREICHE ) TEICX Y BEMH~NGHL, 20
ikhtix70v&—%kbfm&éhé L7z%%>
T, AL THRRTWBITEAEDGEBITIEATY v b
A vyzrvarvEaRALTRS
FYEIY—S 721, HEE0.05~0.15 mm DER >
VAFY¥T) =12, MROMEL Ok ax 7574
—MFHEA {octadecylsilane (ODS) &£~ »5, A

KU MNTTT7 4 =12

B2 BLOHMEIC X 5 580 E 939
F M, BUKMME/EHTEER 2 & 225 —FEL
FARLTVWE, BEBEOIVWFYES Y —h S22 HW
% Z L TERIEANED Joule 212X 5 4 7 ANTRED LA
ZHHIL TV 525, LEIIBTTH 7 5120 L TREREAT
W, B EATo 7. REBEZOR)IA I FI—F4 07
BHRMNEFATTEPT LI VRBEZERL TV
5. FUFXYETY) —THRRMEZToTWED, HNE
DORERFYETY =T 2 EHD EMIBBEIZAFNC

5.
TAVITT 4y 2 BHEERT) WAL, BRI T
HETEREEITo72. IV Ty MEBEOBIZIZER
ZOBO AT ANOBEHTEEIC

&

%
WEAT> TV 525, SV
TIEtERBRT 5.

3 TESIKE)Z A L7z EEo i kre L

3:1 7AVIIT14 v 7&FICHTERXEZFA
L-BdeEEoa> ~a—iv

FEHERE T 5 CEC OFHIE, Tlcddx7AL9H
2, FVINS AEIEICAH TS HEE #WbTmW;kT%
. ZO®H, A7 AN LTIED LIZAEOEE
FinL, WBAKEIFEEZINZ 5 LT, LCHBEL IZE
otﬁ%%ﬂﬁ%%ﬁ-?éuk#T%f%é.RgQL
RBaf F v Hh S AR T I NEE-~NFHAFLVIT I
VEEUHENE Y e, TRERA 4 o, WmERA 4, F
FTWHREA X DT AV FF 4 v 7 5&MET TD pCEC 47
HEARTY. oSSR, 7Y VAR
5 WEWOLE: #4 (UV) 210 nmf 2w TWwb 720
EREFE A F v OBEHIEEOEE oA L LTl ST
5.

Fig. 2A IR & 912, BEAMZATo T A ZH
(LC 7 #E) T, MM A + v LB A + » o5l R
+5Th b, Fig. 2 THOTW BB T TIE, 3HH

BRIKEIRBEIE L, WHEEEA 4~ <BEEA + ¥ <F+iE
ﬁ&%?&‘/@ﬂﬁc:k%(&%. L7225 T, #F2HOMI
HOBLEEZEHML 256, BHRHOEBEWA 138 LD

KR E AN 2 ) BRIKE)EEZ /D 2 81 % 5. T
bb, HHEHOZBECREHIE XD RERRARES D

LIl s, oML EFHTLE, —1kVOBEEL N
F 57217 T, Fig. 2B RS X ) IHARIRA A+ > LRk A
i/@\%%%ﬁ YUETHIEDVRETHD. 72721,
BEZHML Y 5 2 AONOBRIKE # 1T o 72720, 4
wm A F UG OEHEHAEND Z LIRS,
WCIEDBEEZ ML 7235613, Fig. 2C ZRT L9
YRR & AT A 2 L AT f%%.ttu
BEHNTORBOBE R L F FHEEA +
VDD REL, HHEBA A VP RLNDI V. FO720
+1~ +2kV OBEZHINL 2B, AR 4+ >~ LR

%W%

Z DA,



940 BUNSEKI

0 10 20 30 40
|

5|0 [min]

Fig. 3 Electrophoretic acceleration of the elution of
lanthanoid ions

Applied voltage : (A) 0 kV, (B) —5kV. Column: id.
75 um, packed length 220 mm, capillary length 320
mm, packed with IC-CATION-SW (dp. 5 um). Mobile
phase : aqueous solution containing 10 mM cupric
chloride, 10 mM ¢-hydroxyisobutyric acid, and 5.1 mM
ethylenediamine (pH 4.0). Detection : UV 210 nm
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Fig. 4 Variations of (A) flow rate and (B) the pressure
at the column inlet under the gradient elution

Applied voltage : 0 kV (&), +5kV (@). Column: i.d.
0.15 mm, packed length 129 mm, whole length 211 mm,
packed with TSK gel Amide-80 (dp. 5 um). Mobile
phase : (I) acetonitrile containing 0.01% TFA, (II) 50%
acetonitrile containing 0.01% TFA. Gradient program :
100% (I) in 2 min, 0~100% (v/v) (II) in 10 min, 100%
(IT) in 8 min. Sample : thiourea (t, marker); Detection :
UV 210 nm
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Fig. 5 Electrophoretic enhancement in separation of
tryptic digests of bovine serum albumin

Column : i.d. 0.15 mm, packed length 140 mm, whole
length 222 mm, packed with Amide-80. Mobile
phase : (I) acetonitrile containing 0.01% TFA, (II)
water containing 0.01% TFA. Gradient program :
100% (I) in 2 min, 0~30% (v/v) (II) in 30 min, 30%
(i) in 13 min. Detection : UV 210 nm
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Fig. 6 Separation of anilines with various gradients

Column : i.d. 0.15 mm, packed length 130 mm, total
length 210 mm, packed with ODS (dp. 5 um). Mobile
phase : (I) acetonitrile/10 mM phosphate buffer (pH
3.3) (45/55), (II) acetonitrile/10 mM phosphate buf-
fer (pH 2.4) (45/55). Linear gradient for (C, D): 0
to 7 min, 0% (II) to 100% (II). Voltage gradient for
(B, D): from +10 to —10 kV in 3 min then main-
tained constantly at —10 kV. Detection : UV 210 nm.
Samples : (1) uracil, (2) aniline, (3) p-ethylaniline, (4)
p-n-butylaniline, (5) p-n-hexylaniline. (A) Without
gradient using eluent (I), (B) with voltage gradient
using eluent (I), (C) with eluent composition gradient
without applied voltage, (D) with dual gradient
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(5)
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Merers vy VEHMecor=) Y8 (T2 ¥
IFNVT =)V, pn-TFNT =N, puNFINT =
) Y) O4#E% Fig. 6128 L7z, Fig 6A 1L, 79V T
FEfToTWBRWT AV 7 557 4 7 G TCOT =)~
MOLCHMETHL. 7=V (2) LxFLT7=Y) > (8)
DHEERATFTHY, B pn-~"FIUT =) ¥ (5)
DHEMIC KRR S LETH L 2 Lhnhb. T
Fig. 6A ICEUNEBED 77 Vv M@ T 5 2 L ThHlE
DYFHEEAT> 72, Fig. 6 DHMFHTIET =) Y EIZTX
TTIADBEBMEALTBY, /2, 7=V XDdTF
VT =) Y OBRKBBEHEDIZ)AKRE V. Lo
T, B 7 2AHMONOIEOEELEAMAT =Y ¥ - ZF VT
=) Y OGHSEICETH L. T, puNFINT =
VY OEMEER QM AORHETEEMS AN TH 5.
L7h->C, HMBEED Yy e LT, EOEE
JEENI 2 5 B OB EEEINANZAL T 2 ENEED 7 7 Y -
YIEPEMTHLETFMEND. Fig. 6BITRT LI,
+10kV 25 =10 kVANEALT 2 BELZEML2E 2 AT
SV VEIFNT Y Y OGEEREE SN, prF IV
T =Y O RS S .

Fig. 6B OENIER L #lAGHE 5 BEMAMKLD 77 ¥
IYhELT, pHZ IV Y bERM L. BEMZ X
DEEMIANY 7+ (pH33 25 pH24N) 85I LT,
7= YEoTT N AbpMEE S, BAGKEN R B ATH
ML, %2 ODS MEMHNDORFEEIMLT T 5. EEEICKE)
MpHOD 7T YLy b EITWT 2 YEOGEER 7o/ L
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Fig. 7 Separation of fourteen OPA-labeled amino
acids by (A) single gradient CEC in eluent composition
alone and (B) DG-CEC in both the applied voltage and
the eluent composition

Peaks marked with an asterisk (*) are unknowns.
Mobile phase : (I) acetonitrile/10 mM phosphate buf-
fer (pH 4.8) (10/90), (II) acetonitrile/10 mM phos-
phate buffer (pH 7.8) (30/70). Linear gradient for
(A, B): 0% (II) to 100% (II) in 8 min. Voltage gradi-
ent for (B): from +2 to +4 kV in the initial 3.5 min,
to 6 kV from 3.5 to 5.0 min, to + 10 kV from 5.0 to 6.7
min, and then maintained at +10 kV. Detection :
UV 280 nm. The other conditions are the same as
those in Fig. 6.
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Fig. 712, (A) BEHH#KDO 75 v RO (B) #
BAHAEL - OMBLEO T 27V 77V y b E w7z 14
A O OPA BT X / Mk D 43 #E % /R L7z, Fig. 7A Tl
EAEDT I BRIEITHTEES T WS A, Ser/His,
Gly/Thr, Val/Met D3 #ERAR T THB. ZHITKHL T
BIERMOAT 72T 27N T TV ME— FTOIHE
(Fig. 7B) Tl Ser/His ¥ X— A7 1 Y/ HEDSER S,
Gly/Thr, Val/Met b 7 BEATE SN TV 5. HIZEKY
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Fig. 8 Relationship between the elution time of
amino acids with single and dual gradient

The size of the circle represents the relative half width
(w1 /9,qua/ W1/25inge) » the values of which are given along-
side the circle. The cross mark was used when either
one or both half widths were not measured. The
chromatographic conditions are the same as those in
Fig. 7.
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Fig. 9 Relationships between longitudinal position
and various parameters related with electrochromato-
graphic behavior (k : retention factor, 6 : conductivity,
E : potential gradient, U, : electrophoretic mobility,
Uepn : electrophoretic velocity) under the heterogeneo-
sus separation field produced by a gradient elution
(acetonitrile content and pH)
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Fig. 10 Electric field-induced peak zone sharpening
of peptides under the gradient elution

Applied voltage : (A) 0kV, (B) —15kV. Column : i.d.
0.15 mm, packed length 130 mm, total length 210 mm,
packed with ODS. Mobile phase : (I) acetonitrile/10
mM formic buffer (pH 5.0) 5/95, (II) acetonitrile/10
mM formate acid (pH 3.0) 70/30. Gradient program :
0% to 100% (II) in 2 min then held 100% (II) in 1
min. Detection: UV 210 nm. Samples—1 : angio-
tensin III, 2 : angiotensin II, 3 : angiotensin I, 4 : baci-
tracin, 5 : insulin b chain, oxidized
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Table 1 Voltage-induced zone sharpening for angiotensin I under the linear gradient with various mobile phases

d—a R IR 15k W1 /2,-15kv
#  Mobile phases di —_— —_—
[mSem ™' min '] frawy ey
1 (I) acetonitrile/10 mM acetate buffer [pH 4.0] 5/95 ~0.06 0.95 077
(II) acetonitrile/10 mM acetate buffer [pH 4.0] 70/30 ’ : ’
2 (I) acetonitrile/10 mM formate buffer [pH 4.0] 5/95 ~0.95 087 0.64
(II) acetonitrile/10 mM formate buffer [pH 4.0] 70/30 ’ : ’
3 (I) acetonitrile/20 mM formate buffer [pH 4.0] 5/95 —0.49 0.89 057
(II) acetonitrile/20 mM formate buffer [pH 4.0] 70/30 ’ : ’
4 (I) acetonitrile/10 mM formate buffer [pH 5.0] 5/95
-0.49 0.86 0.54

(II) acetonitrile/10 mM formate acid [pH 3.0] 70/30

The separation conditions, except mobile phases, are the same as those in Fig. 10.

with linear gradient from 0% (II) to 100% (II) in 2 min

a) Variation in conductivity of mobile phase
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Enhancement in Separation Efficiency by Control in Electric Field on
Pressurized-Flow Driven Capillary Electrochromatography

Shinya KITAGAWA'

! Materials Science and Engineering, Graduate School of Engineering, Nagoya Institute of Technology, Gokiso-
cho, Showa-ku, Nagoya-shi, Aichi 466-8555
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Pressurized-flow driven capillary electrochromatography (pCEC) is a hybrid separation method
of liquid chromatography and capillary electrophoresis, in which an application of either posi-
tive or negative voltage, i.e., the electrophoretic migration of analytes toward either inlet or out-
let, can be utilized to enhance the separation performance. By using intentional electrophore-
sis of analytes, an alteration of the separation selectivity and a reduction of the separation period
through selective acceleration were achieved. The dual-gradient pCEC by varying the mobile
phase composition, including a shift in the pH of the eluent and the applied voltage was effective
to increase the separation performance. The combination of two different separation mecha-
nisms of chromatography and electrophoresis in CEC was effective for comprehensive separa-
tion, and the separation efficiency was enhanced with an increase in the applied voltage.
Furthermore, the electrophoresis of the analyte in a heterogeneous separation field under a gra-
dient elution was effective to reduce the peak widths, i.e., zone sharpening.

Keywords : capillary electrochromatography ; electrophoresis ; enhancement of separation per-
formance ; gradient ; zone sharpening.



