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Abstract 245838

In order to obtain high efficiency of microsperation in capillary electrophoreis (CE) and
micro high-performannce liquid chromatography (WHPLC), selectivity and retection in these
techniques were investigated.

Stationary phase selectivities for halogenated compounds in reversed-phase htHPLC were
compared using CI18 monolithic silica capillary columns modified with poly(octadecyl
methacrylate) (ODM) and octadecyl moieties (ODS). The preferential retention of halogenated
benzenes on ODM was observed in methanol/water and acetonitrile/water mobile phases. Greater
selectivities for halogenated compounds on ODM column were obtained, due to the greater
dispersive interactions by more densely packed octadecyl groups on the ODM polymer coated
column together with the contribution of carbonyl groups in ODM side chains. The ODM column
also showed a better alternative to the ODS column for the separation of chlorophenols.

Retention index (J), rather than retention factor (k), was found to be a more reasonable
parameter for comparison of the relative affinity of disubstituted benzenes in microemulsion
eletrokinetic chromatography (MEEKC) and micellar elctrokinetic chromatography (MEKC), due
to independent of / with the surfactant concentration. MEKC and MEEKC may give similar or
different 7 values, depending on types of moieties. In addition, a group additive approach can be
used to predict / for disubstituted benzenes with different moieties from the average observed [ for
the disubstituted benzenes with same moieties. However, electronic effects and/or intramolecular
interaction may result in the different observed I from prediction.

Equations and theoretical models for MEKC separation selectivity (owekc) were
established to explain a change in separation and migration order of fully charged analytes, in
which owgekc is related to the dimensionless values of electrophoretic mobility (n) selectivity in
capillary zone electrophoresis (cuczg) and retention selectivity (o) in MEKC, and where oz and
oy are defined as the ratio of p in CZE and the ratio of k in MEKC for two charged analytes,
respectively. Using four alkylparabens as test analytes, excellent agreement was found between the
observed MEKC and the proposed opgsxc models of test analytes in MEKC.

According to those of MEKC, equations and theoretical models of cyclodextrin-EKC
selectivity (oep) related to the dimensionless values of selectivities, acze and binding selectivity
(x), were also proposed in order to explain a change in ocp for two charged analytes using neutral
CD, where « are defined as the ratio of binding constant. Using substituted benzoic acids and
phenoxyacetic acid as test analytes with B-CD, the changes in the observed a.cp values were found
to be in good agreement with the theoretical acp models.

In comparison of separation selectivities in CZE, MEKC and CD-EKC for a pair of
monochlorobenzoates/monomethylbenzoates (C/M7) or dichlorobenzoates/dimethylbenzoates
(DC/DM"), having similar p, the higher acp than aczg and owgxe was obtained due to high . In
addition, simultaneous separation of ten phenoxy acid herbicides, especially 2,4-DB/MCPB and
2,4-D/MCPA having the difference in chloro and methyl substituents on a benzene ring, was also
obtained using the CD-EKC buffer containing 3.0 mM DM-B-CD. Therefore, in comparison with
CZE and MEKC, CD-EKC can be used as the better alternative to separate compounds having the
different substituents only by chloro and methyl groups.

Keywords: Capillary electrophoresis, High-Performance Liquid Chromatography
Separation selectivity, Monolith, Retention
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NIABLBANT pH 2.5 (B :A) &2t gradient profile %29MA18151 % B
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clution 43} a) 20-80%B (0-40 min) 1A b) 45-44%B (0-3 min), 55%B (3-25
min), 55-60%B (25-26 min), 60%B (26-30 min), 60-80%B (30-35 min),80%B
(35-40 min) mazguq : AR ODS200a (817 40 cm) Hazdas111a 0.351
mL/min (v = 2.5 mm/s 4@ split ratio Yszuas 75:1) uazma%'j"ﬂﬁmmm’;
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min) 48T 60%B (30-40min) N1IZBUY : APAUY ODS200 (17 40 cm) g
831110 0.369 mL/min (« = 2.5 mm/s 1 split ratio 78:1) HAZATIVIAN
ATNEIAAY 280 nm
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50%B (0-25 min), 50-80%B (25-45 min)
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lnsunTnunsuves BADGE, BFDGE ageywuiaas uHPLC Ilauld
maemsuendail: mandoufidy thesdlalyingg (A:B) @20 gradient

elution A4H 40-50%B (0-2 min), 50 (2-3 min), 50-60%B (3-5 min), 60%B (5-
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15 min) mazé‘i‘uq : AR ODS200b (817 40 cm) wazdas 1 lva 0344
mL/min (u = 2.5 mm/s 48 split ratio Useuat 73:1) uazﬂﬂ%i’ﬂﬁmman
ﬂéu 220 nm

Tasu Inunsuves monohalogenated benzenes LLfi¥ monoalkylbenzenes T
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wandeuiidhy (a) 70% MeOH uaz (b) 70% ACNuazmazéuc] 18un u =

v
ad
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1 a o I A Ada o
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duaiaraedunsonee g3 50-80% lae a) MeOH 11ag b) ACN 1
AdIY] ODM 1Az ODS
3 o |
f1 log k Y99 monosubstituted benzenes VUABANY ODM (HEUAVA log &
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[ ar o 1 @ v P e '
ANUAUNUTILH I log (CH,) A1 % organic solvent TutWandouy 1us9
50-80%
S J s = o v A4  dda
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90 31899UYDY organic solvent 14439 50-80% 1AY a) MeOH 182 b) ACN 9

g = ' {d v a A Ao '
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L 1
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15 min) maxéuq . ADANI ODS200b (817 40 cm) wazdns1iva 0.344
mL/min (u = 2.5 mm/s Uag split ratio sz 73:1) Lmzmaﬁﬂﬁmman
ﬂéu 220 nm

Tasin Tnunsuves monohalogenated benzenes (l@% monoalkylbenzenes Tay
1¥nedini ODM uaz ODS VinAdURILELINAI 200 pm 871 28 cm uaz 1
mandouiiilu @) 70% MeOH uaz (b) 70% ACNuazazdun 18ud u =
1.0 mm/s A35293ANAINE1IAAL 214 nm HazAIRURAINAIIT 30 °C

AT MUFUUnADT¥S chlorobenzene 12 toluene Tumaadoufifitisns:
dudhaza1edun3oa199) Turae 50-80% 1A a) MeOH 1az b) ACN U
ADANY ODM itag ODS

f1 log k Y939 monosubstituted benzenes UUABANY ODM ey log &
vamsuLADduL ODS uazldandouiisiu ) 70% MeOH waz (b) 70%
ACN

AMUFURUTIEM 31 log A(CH,) FU % organic solvent Tumlaiadouiilugas
50-80%

BT selectivity YBIA15UY ODM sfiouiiu oDs Taeldimlandeuding
8A3169UYDS organic solvent T1¥29 50-80% 1Ay a) McOH uaz b) ACN &9
yaitudumsnsudfiouseninmmaneviidhusafawuduiiing - ch,
Al 1 mite uaz galsadlumsnFeudioussnhaasnageniiiiy
ug Talwuuuduiionny Ingdu

Tasin Inunsuves dihalogenated benzenes 8% dialkylbenzenes Tagld
AN ODM 1Az ODS VAFHFIUFUENA 200 pm 81 28 cm uaz1d
wanadewiidhy 2) 70% MeOH g (b) 70% ACN

fiN log k ¥94 disubstituted benzenes UUABANI ODM (fufua log k 04
asuunedini ops wazldimadoniidlu @) 70% MeOH waz () 70%
ACN

Tas3nTnunsuea chlorophenols 1avua 17 ¥iia Tasldnoding ODM waz
ODS winAdUHIUFUENA1S 200 pm 817 28 om wazldimatoniidly ()
70% MeOH g (b) 70% ACN

NIRRT log & (a U2 o) uaz 1 (b uag d) Yesmsdszaeuiuuduiiing

unuiaesnyn ldein MEEKC nfivuiisuiy MEKC
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3.1

5:2
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6.1

6.2

6.3

7.1

unuRaeInYAiY (Fuasslzuaasaums Y =X)

o =) d' b o o [ d'd %
HUUTIABIN NN B VO exe N 1ADINMIsTIId S U sNTUszgaeedd
anmlaeldaunsn 5.7 uazdoyalumisieh 5.1 dauils a-e unumives o
A3 (a) 1.2, 1.4, 1.7, 2.2 uag 3.3 @19a19U (b) 1.0, 1.2 ag 1.5 audiau
uag (c) 1.0, 1.6, 3.2, 4.8 11ag 6.4 MU 1AL
ad
aan Ins lsunsuveamsuuuneldniig (a) 0 CZE, (b) 20, (c) 40, 1ag 60

L) da (o 9 A
mM SDS 1u 10 mM veisativivesNUSy pH 420 1.0 M NaOH n1zdu 9
U84 CE: uncoated fused-silica capillary 50 pm i.d. x 40.2 cm (30 cm DA 09

[ a v @ 9 v A
A357979) RUNIABANY 25 °C, And Wi 15 kv, @3293aN 220 nm M3
UIIYENIUUUTAA WAL 0.5 psi 1Hluan 3 Funii

o Yy o Y L4 o 9 = ) 1Y)
ocMEKCVI"lﬂmﬂmsmam (Ayany ) LazNNNMINMUIY (LTUND) AIUITVAT
{ Y 4 T { 1 1 ) [ T H 9
niszyaedalu MEKC (a) 1 [SDS] A4 9 (b) 791 &, A1 9 dmsuan1a
nnmsvinesuanlasldaunish 5.7 wazdoyaluaisiei 5.2

o ¥ 9 o w d’ é
LL‘]J‘UiﬂﬁBQ‘UﬂQﬂW%"ILW'I%ﬂ’]iLLEJﬂﬁ”JU CD-EKC dmsvuensniyse g

Q

annaldnnaumsi 6.2 uazdoyanie luas1an 6.1 uag a 9 e nuods

)

A1 binding selectivity () dM3ug (A) UAWNAD 1.2, 2.4, 3.5, 4.9 1o 6.8
auaay, 3 (B) UAWMAY 1.1, 1.4 waz 2.0 mudby uazgy (C) UM
AL 1.25,2.3,3.5, 4.8 1A 6.2 MUBIAY
8ian Ins¥ Tsunsuveseyiusnsau ladnuaznsailuend Tasldivives
Mlsznoudae (A) 0 mM (CZE), (B) 2 mM taz (C) 12 mM B-CD 1y 10 mM
™ o A v
vatslivinosh pH 9.2 1azA1I2dUe ¥99 CE Usenoua uncoated fused-
silica capillary mmmﬁ'umuque‘fnmmnﬂu 50 um A1WY1I 40.2 cm (30 cm
=2 d‘ [ Qd' [ 9 [ d'
fUA30IRTI93A), AIUURANYIIN 25 °C, dnd Iwih 15 kv, asaeTaiinny
1990U 214 nm LAZUTTYAITAWANUAY 0.5 psi (T 3 Tundd

v .o = v W o =
AMTUNIEMIueNa1sRIe CD-EKC #ildainmsnaaes (dydnuel) uashld

1M (du) dmSumsusnansiilszdis B-CD ¥anududy

9

0-16 mM 9 (A) K,C @199 1ag (B) ANty B-CD a1eq Tasari lanin

M3 ldnnmsmuIndaunsn 6.2

ad = V4 y 2 o ' A g =

oian Insw 15unsuveseyWus benzoic acid Ningununiunaslsnie
a 1 Jd o a a A

wialugaaz lolwmes  vhnsdmsievidlomaiin  CZE Wil BGE

Usznoudies 10 mM velsaiives pH 9.2 wazhilims@udhazae
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7.3

7.4
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HaUBIAIAZAWBUYEE MeOH o o iz R, 403 C” waz M~ Ju CZE (AL,
Bl) uag MEKC (A2, B2): (A1) mobility selectivity in CZE (0tege), (B1)
resolution in CZE (R, .,.), (A2) mobility selectivity in MEKC (a uexc)and
(B2) resolution in MEKC (R,, ,;zc) 10BGE lu CZE 15znoudas 10 mM
vessmiWines pH 9.2 ag MEKC 1/53neudau 40 mM SDS uag 10 mM
vetsaivives pH 9.2

msuen C uaz M- v lo Tmwes lunsidadudiomaiin CE uuumen:
(A) CZE szneudis 10 mM vesatiies pH 92, (B) MEKC
1sznoudae 40 mM SDS uaz 10 mM vesatied pH 9.2, (C) CD-EKC
Us2noudae 20 mM o-CD 1az 10 mM vaisaivline3 pH 9.2, (D) CD-EKC
Usgnoudas 16 mM B-CD wag 10 mM vesatiies pH 9.2, uaz (E) CD-
EKC 1/52noudas 5 mM DM-B-CD uag 10 mM wersminives pH 9.2
@iy C7/M; (F) CD-EKC 152noudas 60 mM o-CD 1ag 10 mM Uoisa
1Wines pH 9.2, (G) CD-EKC Uszneudas 12 mM B-CD Az 10 mM
versmiWiMes pH 9.2, uaz (H) CD-EKC 1szneudan 40 mM DM-B-CD
uaz 10 mM valsaiwiMes pH 9.2 §115y DC/DM™ [2,3DC™ (1C), 24DC™
(2€), 2,5DC™ (3C), 2,6DC” (4C), 3,4DC™ (5C), 3,5DC™ (6C), 2,3DM™ (1M),
24DM” (2M), 2,5DM™ (3M), 2,6DM™ (4M), 3,4ADM™ (5M), 3,5DM" (6M)]
qmﬂﬂﬂﬁ%'wwmmsmju phenoxy acid herbicides

MSUYN phenoxy acid herbicides AIMATIA CE LL‘U‘UG]'NG] (A) CZE
Uszneudas 10 mM vesaiWies pH 9.2, (B) MEKC Uszneudae 40 mM
SDS uay 10 mM veisativivles pH 9.2, (C) CD-EKC 1sznoudis 2 mM a-
CD uaz 10 mM vesaiivies pH 9.2 (D) CD-EKC sznoudae 3

mM DM-B-CD uag 10 mM vetsaiines pH 9.2
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MUY

A1 H, o(CH,), unzanudulumsvuindoumamnaoud
anuduTUEIFuduAT 9521198 log £k 1Az z 1A 189710 homologous
series YoIdaRAUUTU lUMATiA MEEKC 1ag MEKC

fAllogK,, ﬁ"l@’\’mnmﬁﬁmwua:ﬂﬁé’nﬁqmmﬂuﬁ'uﬁ'mu%uﬁ'ﬁﬁy:
unuiiaoamylu MEKC iay MEEKC

ANINARBAZMISTNNGYRY log k TnTuinaigiuediilsznoudas
nyunuil R 9 (COCH,, ~H)

ANIINARBIATAMTINUIYDA log k dIMSU BADGE 1z BADGE.HCI
flszneudaonyjunud R ey

LAY LUDTINBINING B VDA separation selectivity 11 MEKC (Owexc)
Mobility selectivity (0lczg), retention selectivity (o), retention factor (ky),
selectivity ratio (p), HALFUAVDIUUVTIADY Oyexce
Uszinmupuuuiiaesves acp
anwannsnlumsmdoufimefhvesmsy, 10°m v's"), i
Iuwizmsuenlu CZE (oczg), binding constant (K, MY, binding
selectivity (k), selectivity ratio (p), DATIAIUVDI Ho.2/ w2 (B), oA1aIU
VB oo, 1/ oo 2 (Y) UALHUVVDIVVIIADY 0lcp THTVAITNAT DU
Mobilities (1), mobility selectivities (Ot 30 Olyexc) H40% retention
selectivities (o) 1151 €7, M", DC” uaz DM~ 11 CZE uaz MEKC #i 1
umsiAnAhazaesunsd

Mobilities (1), binding constants (K), binding selectivities (i), mobility
selectivities ﬁmﬂﬁtm (O, . me) §IMTU C/M ™, DC/DM ", 2,4-

DB/MCPBUag 2,4-D/MCPA 1u CD-EKC

56

59

60

68
73

83
88

97

102



-

A

'é‘:'Z

~

o ox

W

o

deydnuainazie
ANUUANAINVDIA P YDIAT
anusulumsdumdeummadoud (back pressure)
Selectivity
mobility selectivity 114 CD-EKC
mobility selectivity 114 CZE
retention selectivity
mobility selectivity 11 MEKC
methylene selectivity
mobility selectivity
BATAIUVOL g 1/ Pme
DATIAIUVDY /oo,
BATITINVO oo /oo
CD binding selectivity
anwansalumamdouiinieIwi (electrophoretic mobility)
anuaunsalumsindouiimalnihvesmsisznouiFadousgnisansiy Cp
mmmmsa“lumsmé’auﬁma"lvﬁfl1°‘7immuswm"laaaﬁniné’g{ué’ (absolute
electrophoretic mobility)
anuansalumsindoufimeliihvesmslu cze wieneii s cp
effective electrophoretic mobility
anvmmnsalumsnieufivesdidn Insoea luda (electroosmotic mobility)
micro high-performance liquid chromatography
anuEddnInseoa luda
anuTved luwad
ANUITUIUYDI CD ﬁ"l:i;ﬁﬂmsﬂsznau@acﬁ’euﬁnnmuﬂa
ANUY wauwamﬁmqya (total theoretical plates height)
SIMUFUdUAN
IMuFUUNADS (retention factor)
AALTIveIMISN3EIY (distribution constant)
binding constant 52131981371 CD
MAsfimsnszaedIvesesnmuea-ii

ANUEINDAUL



ﬂi%%ﬂ%ﬂ’l'ﬂﬂ1ilwﬂ‘llmﬁ1‘i(efﬁciency 130 theoretical plates)

N ANRALYDIYsTANTNIMYBATN (peak efficiency)
Rs MMSUINYBIATT (resolution)
LY '3
t, lunsdulnives EOF marker
s d
= Tunsdu Indvesans
t Tunsdu Indvourlanafiiion marker
4 SnuduInsives unretained compound
a L2 d 5 s
4 Sinusu lnyd (retention time) YDIAT
3 a
u ANUGUTUTY (linear velocity)
Vag Suasveumndoana
Vin unasveauransnmoy
o (4 (] v a
z umMsveu luaie lanssuesdanauay
2,4-D 2 ,4-dichlorophenoxyacetic acid

2,4-DB 4-(2,4-dichlorophenoxy) butyric acid

2,4,5-T (2,4,5-trichlorophenoxy) acetic acid

ACN acetonitrile
AFF acifluorfen
AIBN a,0'-azobis-isobutyronitrile

BADGE bisphenol-A-diglycidyl ether
BFDGE bisphenol-F-diglycidyl ether

BGE background electrolyte
BZ alkylbenzene
CD cyclodextrin

CD-EKC cyclodextrin electrokinetic chromatography

CE capillary electrophoresis

CPR clopyralid

CZE capillary zone electrophoresis

CEKC capillary electrokinetic chromatography
CMC critical micellar concentration

DB 1-phenyldodecane

DCB dicamba

DM-B-CD  dimethyl-f-cyclodextrin

2]



EKC electrokinetic chromatography

EOF electroosmotic flow

EXP fluroxypyr

HPLC high-performance liquid chromatography
10 liquid chromatography

MCPA 4-Chloro-2-methylphenoxyacetic acid

MCPB 4-(2-methyl-4-chlorophenoxy) butyric acid

MEEKC microemulsion electrokinetic chromatography

MeOH methanol

MEKC micellar electrokinetic chromatography

MOP 3-methacryloxypropyltrimethoxysilane

MCPP mecoprop

MS mass spectrometer

MTMS methyltrimethoxysilane

ODM uﬂuﬂﬁﬁn%ﬂmaﬁnﬁﬁﬁuﬂgeﬁwmawﬁmﬁﬁ'ﬁﬂ poly(octadecyl methacrylate)
ODS veusafingamasduniiiluizsivenansiidas ODS-DEA

ODS-Cl octadecyldimethyl-chlorosilane
ODS-DEA  octadecyldimethyl-N,,N-diethylaminosilane

PCR picloram

PEG poly(ethyleneglycol)

PSP pseudo-stationary phase

QCR quinclorac

RPLC reversed-phase liquid chromatography

RSD mdnufioauuduius (relative standard deviation)
SDS sodium dodecyl sulfate

TCP triclopyr

TMOS tetramethoxysilane





