CHAPTERI

INTRODUCTION

1.1 Introduction and Mode@’,///

Capillary electrophoresis noderh ana w -

nique for separation of
charge compounds in a_small eapillary co \-i‘“fw: an “electrolyte solution under
electric field. Applications arations of proteins and
peptides, DNA sequencing rganic ions, and chiral
nagnitude greater than high-

997]

separation. CE provides €
performance liquid chromatr
Six basic modes in CE inc ophoresis (CZE), micellar

electrokinetic chromatography (_ : electrochromatography (CEC),
B

capillary gel electrophotesi ' pillary isot esigr(CITP) and capillary
_ .
isoelectric focusing (CIEF). The first three moa : ily used for separation

and analysis of small molﬁules,

pa@ion.
Capillary Zone ﬁ ﬂiﬂ m ;ﬂ ﬁ n lar mode of CE.
The background eglectrolytes se ‘)I ?buffers such as
phospha@lﬁn raic tafl echdiiism is based ofi.the different
electroph ?i ﬁ wth :}fmxgrﬂhahﬂe-to-size
ratios of the analytes.

Micellar Electrokinetic Chromatography (MEKC) is the second most commonly used
mode of CE. The BGE in MEKC contains a surfactant such as sodium dodecyl

sulphate (SDS), which forms micelles. The separation mechanism is based on the

different partitioning of the analytes between micelle and aqueous phases. The most



important feature of MEKC is that it allows the separation of neutral compounds and

is sometimes beneficial for charged analytes.

Capillary Electrochromatography (CEC) is a hybrid of CE and HPLC. The CEC
column contains HPLC packing materials, and analytes migrate due to electric field,

instead of pressure as in HPLC. The separation mechanism in CEC is based on either

difference in the partitioning of analytes between mobile phase and stationary. phase

Figure 1.1 Separation mechanism in (a) CZE, (b) MEKC and (c) CEC. Adapted from
Andrea and Brown [1997].



1.2 Fundamental of CE and CZE

1.2.1 Electrophoretic Mobility [Grossman and Colburn 1992, Foret ef al. 1993]

When a voltage V is applied across a capillary of length L containing the BGE, each

ionic species is accelerated by a constant electric force Fg

(1.1)
where z is the charge of an io he-fundar @charge, and E the electric
field / k- |

7 (12)

The acceleration will procee ed by the frictional force

Fr due to the viscosity of

(1.3)

For a spherical ion, Fri L-:-E-

E Fp =6mry .,
where 1 is the v1q uoﬂ’Jem.\ﬂ m ﬁimﬂqm f the ion, and vep

the electrophoretic velocity of the ion. Itsfollows from Egquations 1.1-1.4,th
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(1.5)

61m rh

Electrophoretic mobility, ., is defined as the electrophoretic velocity of an ion when

an electric field of 1 V. m™ is applied.

p:ve" __ze (1.6)



It follows from Equation 1.6 that, in a medium of fixed viscosity, the values of
electrophoretic mobility depend on the charge-to-size ratios of the ions, z/e. The
electrophoretic mobility at zero ionic strength of the BGE is called the absolute

mobility or limiting mobility, u°

1.2.2 Electroosmotic Flow [Grossman and Colburn 1992, Foret et al. 1993]

In CE, the migration of analytes in t the electric field depends on not

only their electrophoretic mobili “ ic flow (EOF). The EOF, as
shown in Figure 1.2, is the &of q'me d the electrode when the
lyte (BGE) at pH > 2,

.as the equation below,

voltage is applied. In the
silanol groups at the surf:

resulting in the negative positive ions in the

solution.

These positive ions arran glve i m a dc cttic layer. Some positive
ions are attached at the negative - '_ e ¢ pil » an immobilized layer,
called the compact or Stern lay, bﬁﬁl‘i_y ele el for _Some positive ions form the
diffusion layer, and the rest of the ex itivi 2 jons,is in the bulk solution.

When the electric field ated positive ions in

the diffuse layer and bulkgolutlo ' athoﬁ This results in a flow

of water molecules in the s?me direction. ThlS henomena is called electroosmosis,

wa themovenefB N Eiaﬂﬂ‘iwmfﬂ 9
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Figure 1.2 Electroosmotic flow (EOF). Adapted from Andrea and Brown [1997].



From the internal capillary surface, the electroosmotic velocity increases with
increasing distance, and is constant at the distance of approximately 15 nm from the
wall [Grossman and Colburn 1992]. Typically, the capillary used in CE has 20 to 100
um L.D. (20000 to 100000 nm). Thus, it can be said that the electroosmotic velocity is
constant throughout the capillary radius. The electroosmotic velocity (veo) 1S

proportional to the zeta potential, as given by

',/// (1.7)
A
—
where & and n are the permittiva scosity of the, iquid in the double layer.
These values may be diffe he bul \ enndler 1998].
Since EOF is generated at thé { drivir _1 e' of EOF is uniformly
distributed along the capi. is no p essure, drop within the capillary. This
results in a flat profile of w wh ch'e ot ditectly contribute to the zone

arabolic profile generated by

laminar flow driven by a pres oragie ; Figure 1.3), resulting in high

;
ﬂﬂ%ws
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Figure 1.3 Flow profiles in CE and HPLC. Adapted from Chankvetadze [1997].



The net velocity, Ve, of the analyte is the sum of the electrophoretic velocity of the

analyte and the electroosmotic velocity as Equation 1.8 and Figure 1.4
Vet = Vep T Veo (1.8)

In the presence of high EOF, both anions and cations migrate to the detection
window. For cations, vep+ and ve, have the same direction to the cathode at the

detection window. The higher the ion charges and the smaller the ion size, the faster
‘( | / ha€ the direction toward the anode.
can mi thode. The higher the ion

charges and the smaller the ion.s - the met velocity. Neutral molecules
a odEOE :

the migration toward the cathode. For.

In the case where ve, > Vep -, thesanion

migrate toward the cathode on

Cathode
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1.2.3 Peak Efficiency and Resolution

The parameters of peak efficiency and resolution used in CE are characterized
similarly to those in chromatography. Theoretically, when the solute migrates from
the injection end to the detector, both chromatographic and electrophoretic peak are
assumed to have a Gaussian peak with standard deviation, o in the distance units and

7 in time units, as shown in Figure 1.5. The width of the peak at base, wp, may be

(1.9)
and the peak width at half
(1.10)
Peak efficiency may be exp sé of h‘ oretical plates, N. N can be
calculated directly from the electropk : am b
I S TR B e P B (1.11)

where 1, is the miﬁtﬁtﬁ.ﬁxﬁﬁ1ﬁd %{Wtﬂg df\]/ia%on by
ARIaATiIINeay

The resolution, Rs, between peaks of two analytes, 1 and 2, is defined as the ratio of

the difference in their migration times to the aVerage of their peak width at base.

Ly - Lim (1.13)

R, =
O‘S(Wbl +Wb2)




In CZE, it can be shown that Equation 1.13 allows resolution to be related to the

mobilities and the average number of theoretical plates, N , according to the equation

(_ ap )\/]_V: (1.14)

1.2.4 Sources of Peak Br i 108 \\ \ T 2, Khaledi 1998]

\\.‘ fundamental to the

0 ating, electromigration
dispersion and solute-wall ‘integaction, and the effect d to instrument design, e.g.

detector aperture width and d€i imde " .Th‘ verall peak broadening can

0.607h
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Figure 1.5 Gaussian peak. Adapted from Dyson [1990].



1.2.4.1 Longitudinal Diffusion

When the sample solution is introduced into one end of the capillary with an infinitely
thin plug length, the concentration of the solute ¢ is a function of its position in the
capillary, x, at any given time, f, where diffusion is the only source of peak

broadening

clx,t)= On exp( (1.15)

m{&lffusmn coefficient of the

..* with.the special variance 2Dt, in

where Qi is the amount of
analyte. This is the form
accordance with the rand % u\_’.. e he Einstien-Smoluchowski
equation

(1.16)

Here ¢ is the time availab articles in the sample zone to move and is
thus the migration time, f, ' ient is given by Nernst-

Eistien equation

(1.17)

e Y]

where p° is the absolut@qobh x: , k the Boltzmann constant,

and T the absolute temperature..
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1.2.4.2 Thermal Dispersion

e AR IRIAANEIASL. .

parabolic temperature profile in the capillary. As mobility is a function of
temperature, the parabolic temperature profile also results in a parabolic veloc;ty
profile for the analyte in an analogous fashion to profile caused by pressure-driven
laminar flow in a capillary. The analytes in the center of the capillary travel faster
than those at the capillary wall. Thermal peak broadening is then expressed

analogously to the Einstien-Smoluchowski equation for one-dimensional diffusion by
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o2 =2D,t, (1.18)

where Dy, is the thermal dispersion coefficient

T2 2 E 6,6 2

B . A 08 1.19
" 3072 st .
where ft is the temperature factor, (1/ d A are the electric conductivity
and thermal conductivity of the

1.2.4.3 Electromigration M

Electromigration dispersi ity of the BGE zone
than that of the sample zon i 1 of the elec oretic mobilities between

the same charge as the
analyte. For example, whe ic-analyt ¢ has higher an does the BGE co-
ion, the cationic analyte in the'lea .f _“l 1¢ VJ- plezone will migrate faster into
ocal electric field strength (vep
o E as shown in Equation 1.5) g triangular distribution in the
distance domain, as showtiin Figure 1.6a. When the cationic-anz 'e has lower p than
does the BGE co-ion, ’;?h : 7 o‘t-‘ tailing edge of the
sample zone, resulting in I slower migration of the analyte " the tailing zone and

the tailing trlangl:ﬁ distribufiofmof the anﬁe A the Eresence of higher EOF and

T NN INS W EIANS ot csons

[Chankvetadze 1999II Nhujak 2001]. Figyre 1.7 shows the effect of electromxgratlon

RN SRTRLAM B TR

noted that the peak in the time domain is the mirror image o istance

normal polarity, t

domain.
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H ~ a) Fronting triangular distribution

"1  b)Tailing triangular distribution

Figure 1.6 Concentration distribution of EMD in the distance domain. Adapted from
Chankvetadze [1997].
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Figure 1.7 Schematic diagram illustrati ation distribution in the presence

of EMD and diffusion. Evaluatio ﬁ% g'a onting peaks in the distance
domain as a function of in ' 1 dnd Hoffstetter-Kuhn

[1993]. ’;“’.'*:"

' [
The peak variance from Ebﬂ is given by [Erny ef al. 2001] 1

AUEINEENEINT
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c
He He

where subscripts A, B, and C are the analyte ion, the BGE counter-ion and the BGE

(1.21)

with

co-ion, respectively, c¢; the concentration of species i, and /i; the injection length.
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1.2.4.4 Detection Cell Width

The peak dispersion o3, caused by the detection path length can be expressed as

follow
= L (122)
12
where /4 is the length of the zone in sction is performed. As this length

The peak variance due t sample of plug length Jiy; is

given by

(1.23)
When a sample solution with*lo a6 ' or conductivity than that of the
BGE is injected, and the voltage is-] applie electric strength in the sample

zone dramatically ingre@ses. > incre ?; of electrophoretic

mobility of the analyt . R b, leading to reduce
the effective of analyte ﬁe. Therefore, the peak variance to rectangular profile
of the sample is small in ourfexperiment.

ﬂ‘iJEI’JVIEW]’iWEJ\’]ﬂ‘E

1.3 The Basic Insﬂument in CE

The schemlmc of @sﬂn@ltglmrau m’lq yl &! 1 a cEflsxsts ofa

high voltage power supply allowing voltages up to 30 kV, two electrodes (commonly
platinum wire), a capillary column with 10-200 pm LD. and 20-100 cm in length, a
detector mostly used UV-Vis detector, and a cooling system for controlling

temperature of the capillary and reducing Joule heating.
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High voltage
power supply

0,
Capill Detector
Electrode R Electrode

BGE vial BGE vial

Figure' 1.8 Schematic di f. CE.i " tr : » ed from Weinberger
[1993] S

There are basically two differe ethiods of sample introduction into the capillary

either hydrodynamic injection of elex on. The hydrodynamic method

is based on pressure differences between the 1 dwoutlet ends of the capillary.
This pressure o"‘:"":"f“’"“":“?“‘J—E such as gravimetric,
overpressure, and vacuums{The jeCled into the capillary

fl

by the hydrodynamic method 1s

ﬂummmwmm 120

inj inj

where B 01 I SONBAINYIN Y

For pressure injection in a capillary with a fixed length (L) and radius diameter (), the
hydrodynamic flow is proportional to the viscosity of the liquid in the capillary, n.

The flow velocity is described by the Poisseuille equation:

(1.25)
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where AP is the pressure difference between the inlet and outlet ends of capillary.
Thus, the length (Jiy;), the volume (Vij) and quantity (Qinj) of the sample injected can

be calculated from the following equations

2
lin‘ = APr tin' (126)
Y gnL Y
4
e (1.27)
] ST]L ]

and O (1.28)

% \
=\,
‘ (@e injection has better

ple injected into the

where ¢ is the analyte conggr
reproducibility and greate
capillary. Since the injecti ce, it is universally
applied to all kinds of sa he sample compounds.
In electrokinetic injection, QRE & _ ,\ jecting electrode are
removed from the separatio ' roir\and pla the sample vial. High
voltage is then applied for @ then migrate into the
capillary due to the combifation of 4 e op! retié..‘ nigration of the ions and

electroosmotic flow of the samp Jitic — I h of sample zone introduced into

J (1.29)

where ve, is the electroosmgc velocity of bulk solution and v, is the

PR— veﬂuu IV EJ V'l ﬁ NeN9
““’"“-’1 W’] mmm URIINYIA

The 1nherent feature of CE of using small diameter capillaries is very favorable with
regard to separation efficiency but at the same time it causes substantial problem with
the sensitivity in the optical detection systems due to shall path length. Among optical
detectors, the UV-Vis absorption detector is most commonly used in CE. It is almost

universally applicable to organic compounds and additionally it can be used for
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inorganic ions in the indirect detection mode. The main limitation of the UV-Vis

detector is the relatively low sensitivity.

According to Beer’s law, the optical absorbance of a sample is directly proportional to
the optical pathlength through the absorbance measurement is performed. Therefore,
an extension of the optical path length may lead to an increase in detection sensitivity.

Increasing the inner diameter of the capillary is simple, but this results in increased

y ivity in CE may be improved by
using a Z-cell or a bubble cell [Gr: & 2, Foret et al. 1993], which

gives a longer path length, but Wmﬂut@

Fluorescence detection 1s :

joule heating and a loss of peak resolut

itivity. Since not all

must be required for

used in CE include

electrochemical detectors, nuclear magnetic

resonance (CE-NMR). I used for analysis of

amphetamine drugs.

Chirality is a characteristic gf compounds Wthh lack any symmetry element, which

may be a center, ﬁ ‘[ﬂ @wﬁwﬁlwﬂﬁﬁ]ﬁlsom@ forms

of two chiral comppunds that are mirror 1mages An ex omers is shown

in Figur ica rties in an
achiral ‘Q ﬁgT anﬁ ﬂﬁm ciI % ﬂﬁlﬁ lgjm)l\g plane-
polarized hght is passed through a solution of either enantiomer, the plane of
polarization is rotated by equal but opposite angles. Clockwise rotation is designated
as (+) and anti-clockwise rotation as (-). Traditionally, the (+) and (-) isomers have
also been designated as dextro (d or D) and levo (/ or L), respectively; this
terminology is used particularly with carbohydrates, hydroxy-acids and amino acids.

In chemistry, the symbols (R) and (S) (rectus and sinister) are normally used to

designate the enantiomers and to provide structural information. If the decrease in
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priority order is clockwise, the isomer is defined as (R), and if anti-clockwise, the
isomer is (S). A mixture of (R) and (S) enantiomers in equal proportions is called a
racemate and is optically inactive (non-rotation of plane polarized light). The

racemate is designated as (%).

zm

T,

phetamine

:

The chiral separation is of gre ortanee in thepha rmaceutical field, where a wide

\
d are used as racemic mixtures.

- l.,:ll-il - IF ] %
Very often, the pharmaceutical activity and met sm of the two enantiomers are

ST 5 :
different. The development of pure-€aantio meric-da equires not only the synthesis
or isolation Of the Su St Wces DUt aiso poweriut teCcHHe ‘:’-“:' he anal}’SiS Of the

#i

chiral entities, including”the odynamic fate in an

organism (i.e. absorption, & u

st e LI VLI T FBTe o s

forms. Since the 1&05 a range of chiral stationary plE.es (CSPs) for Uh GC and

HPLC ha\’;]b%n"] ﬂ@ﬂ@ﬁﬁllws’}ﬁ}w ﬁ[n}lﬁs volatile

compounds fitherefore has not been used as much as the solution-based techniques of

HPLC and CE. In comparison with HPLC, chiral separation in CE has the advantages

retion and metabo 1sm)

of higher separation efficiency, speed of analysis, and flexibility of rapid

incorporation of various chiral selectors.
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1.4.3 Mechanism of Chiral Separations

In HPLC the separation of enantiomers is carried out by using a chiral stationary
phase, or by having the chiral selector as a mobile phase additive. In CE, the chiral
selector is normally used as an additive to the BGE. The CEC mode can use

immobilized chiral selectors, as in HPLC with a CSP.

Dalgliesh [1952] proposed a model for ic resolution based on the “three-

point interaction” theory. Figure 1. ion of each enantiomer with a

chiral selector. Differences in di i ' ead to a retention factor
| — - 4

difference in HPLC and ilit; _ _in CE. Therefore, the

resolution of enantiomer. ‘ mai involved in chiral

interactions include co-ordi e-transfer interaction,

For charge-transfer interacti

n-electron sites, such as aro . /A1 exam 18 is when A and B groups

of the chiral selector in Figure peT=cle ¢ sites, respectively, and C
AR,

is a basic or steric interaction site, *‘WW }_(, ups of the enantiomers are -

sites [Pirkle et al. 1984 ‘ ar Cctivif atic TT-T interaction,

together with additional pgar y vdrogen bonding, dipole interaction) or

AUSINYNINYINS

For charge-transfeﬁlteractlon both enaé;tlomenc analytes and a chiral selector have

P L RILE LV LM (7B
of the chiraljselector in Figure 1.10 are m-electron acidic Sites, re and C

is a basic or steric interaction site, whilst X and Y groups of the enantiomers are -

steric interaction.

electron and basic sites, respectively, and W and Z are acidic, basic, small or large
sites [Pirkle et al. 1984]. Enantioselectivity is based on an aromatic m-7 interaction,
together with additional polar interactions (hydrogen bonding, dipole interaction) or

steric interaction.
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—0 n
Chiral se
Figure 1.10 The three poin eraction b chiral selector and two

Inclusion phenomena c¢an crown ethers and

cyclodextrins have a cavity a brid. Selectivity entails

differential inclusion of the ¢nantiomers as gu olecules. ‘l@ stability of inclusion

complexes depends on the size and shape of the analyte, hydrophobic and hydrophilic

merston, el 4 W%l KNN3
SRS i mMAGTEIa Y

The classes of chiral selectors used in CE include cyclodextrins, macrocyclic
antibiotics, crown ethers, chiral metal complexes and chiral surfactants. Work in this

thesis involves cyclodextrins.
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1.5.1 Cyclodextrins (CDs)

Cyclodextrins (CDs) are cyclic oligosaccharides composed of different numbers of D-
glucose units, which connect a ring structure through a-(1,4)-glucosidic bonds. Native
CDs with six, seven and eight glucose units, corresponding to a-, B- and y-CD. Figure
1.11 shows the geometric structure of CD. Their major physical and chemical

properties are listed in Table 1.1.

three dimensions, the struc 2 @D+ nolecule resemblessa truncated cone with a
| with secondary (C2,C3)

vl groups. The central

non-polar cavity. The rim

hydroxyl groups, and at thg

hydrophobic cavity selective les to form inclusion
complexes.

The first application of CD for ¢ " | 'sepa was reported by Snopek [1988].
Fanali [1989] first reported the -,»:i* 5 a5 selectors in CZE. In a review

covering the lecture up to 1994, nearly ‘: o of a on CE chiral separation was

found to be based on CDsle strong
CDs over other CE chirak sél Wide pH range (2-12),
their lack of absorption iEthe UV : soci@d with detection of

analytes and the enhancement genentioselectiv‘ty possible using either neutral or

cumscosn 08 HHEPIN £ 1) 5
AR TUNNINGIAY

| 7]. Advantages of
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Table 1.1 Properties of Native CDs [Wang and Khaledi 1998]

Characteristics o B Y
Number of glucose units 6 7 8
Molecular weight / g mol™ 972 1135 1297
External diameter / nm 1.33 1.53 1.69
Internal diameter / nm 0.95
Torus height / nm o1 4 7.9+0.1 19x0.1
[a] / deg dm™ ml g ; ' 162.0 +177.4
pK., of hydroxyl groups " 2.142.6. 12.1-12.6
Solubility in water / % w/ 7145 | 232
Typical guest molecules v f l! . Anthracene

1818 Y

Figure 1.11 Structure of cyclodextrins (CDs), when n = 1, 2, 3 for a-, B- and y-CD,
respectively, and X, Y and Z = H or CH; for native or methyl ether derivatives.
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1.5.2 Inclusion Complexation of Cyclodextrin and Enantiomers

Inclusion complexation of cyclodextrin and analyte is shown in Figure 1.12. In the
presence of cyclodextrin (CD) in the BGE, for CD and enantiomers A, the formation

of a complex with 1:1 stiochiometry can be expressed as follows:

(1.30)
where K is the binding constan

(1.31)
The electrophoretic mobili i “sence of \ Gto BGE is given by

(1.32)

where 1, and p., are p at zero and in “E;: ﬁ 10 of CD, respectively. x; is the

= —d|

B o S o . 'm (1.33)
:.l 1+KC

ﬂ = /

where C is the frequerg?lat‘ign Zlcgozylmj, mﬂn’c-lllg j assumed to be
- A SR AErTAY
binding coqiﬁm )a lculat ifting ‘the eleciro ¢ mabilities of the

analyte as a function of CD concentration.
The relationship between the difference in electrophoretic mobility of enantiomers

(Ap) and CD concentration can be expressed by [Wren and Rowe 1992a, Penn et al.
1993, 1994]
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(1.34)

where AK is the bindidf ebngant difference, K average binding constant
(E=(K1 +K2)/2 or K = i A8 W e, it can be seen from Equation 1.34

that Ap for enantiomers depgfd er to CD, leading to

enantiomeric resolution term.

1.5.3 Previous work on Chi paration Usir hiral Selector

e —————————————

= g
1.5.3.1 Single Cyclodextrw m

. ¢ : .
Much of previou ﬂﬁﬁlﬁﬂ :‘iﬂ‘ﬁ;ﬁj lﬁs selector has
reported the effecﬂ‘ ion the m S e structure, CD
concentration, organic additive, temperatire, pH of BGEgnature and congentration of

buffer andQ:;) ‘ r}@n\%ﬂaﬁ ing %;jaﬂ&]@v%ﬁll%l@ﬂ%’e work

will be reviewed in the following paragraph.

In the first paper on use of CD as a chiral selector in CZE, Fanali [1989] reported that,
in comparison with p-CD and TM-B-CD, DM-B-CD gave better separations of
sympathomimetic drug, e.g. ephedrine, epinephrine and related compounds.

Comparison of CD types for enantiomeric separation of other chiral compounds have
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subsequently been reported [Nielen 1993a, Nishi et al. 1994, Rogan et al. 1994,
Bechet ef al. 1994 and Guttman et al. 1995].

The CD concentration plays an important role on chiral separation. Wren and Rowe
[1992a], Shibukawa et al. [1993] and Penn er al. [1993] reported that the
electrophoretic mobility difference reached a maximum value as the chiral selector

concentration was increased, and then decreased at higher chiral selector
aximum electrophoretic mobility difference,
i1 t of enantiomers and CD,
e:ﬁentration gives maximum
0 ich needed to obtain

sry useful for prediction

concentration. The CD concentration at |

resolution was slightly high
maximum mobility differ
of optimum CD concentrati and also to explain
the effects of change of ure on enantiomeric

separation.

Wren and Rowe [1992b] a et. _ ed that addition of organic

solvent in the BGE containing binding constants, leading

to higher Caymax for BGE with organig soly . Thérefore, whether the addition of

in an increase M@ _and resolution will

\centration i €1t for BGE without

organic solvent will resu

depend on whether the

organic solvent. If CD ¢ | entration above Caymax, the addition of organic solvent

will increase Ap an resolutforipwnhile if it is béleww CAETX, the addition of organic

solvent will decreas M%Jegu%]i.ﬂ ﬂ j w r] ﬂ ‘3

U
¢ o Y
s} 4 OME 4 T SRR WA VHEI RS
enantiomeri€ resolution. The resolution of some chiral compounds increased with an
increase in temperature, while opposite effect occurred for other compounds. Penn ef
al. [1994] reported that the binding constants of tioconazole and B-CD decreased with
an increase in temperature. If a given CD concentration is lower than the optimum CD
concentration for particular separation, an increase in temperature will lead to a
decrease in resolution. In contrast, if a given CD concentration is higher than the

optimum CD concentration, the resolution will improve at higher temperature.
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1.5.3.2 Dual Cyclodextrins

Typically, separation of one pair of enantiomers is carried out using a suitable single
CD. In some cases, simultaneous separation of several pairs of enantiomers, cannot be
achieved by using only single CD. One approach to enhance the simultaneous
separation of all analytes is the use of dual CDs, a combination of two CD types, in
the BGE. The following dual neutral CDs have shown to improve simultaneous

separation of several pairs of enantiomers: y-CDs for Dns-DL-amino acids

[Terabe et al. 1994], a- and TM-3- Ds for | aphti pounds [Nishi et al. 1995],
B- and TM-B-CDs or y- and @ érbicides [Mechref et al.

1996], B- and y-CDs for p ot al. 1996], and B- and

\

mphetamine (AP),

In this work, five amphetdmine drugs as 13
edrine @P) and norephedrine

methamphetamine (MA), Beudoep €
(NE), are used as test analytes for, enantiomeric separation using 3-CD and DM-B-CD

et i RO S TR e

reviewed in this secm)n.

e VRO IUNNIINEADYL ..

drugs using single CD such as B-CD, methylate-B-CD, hydroxypropy! (HP)-B-CD and
carboxymethylate (CM)-B-CD. Results showed that the BGE containing single CD as
B-CD or CM-B-CD gave better resolution of AP and MA enantiomers. In comparison
with DM-B-CD, HP-B-CD was shown to be a better selector for enantiomeric
separation of a mixture of eleven EP enantiomers [Flurer et al. 1995]. Using single

CD as B-CD, DM-B-CD, TM-B-CD and HP-B-CD, Chinaka et al. [2000] reported that
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B-CD gave higher resolution for AP and MA enantiomers, while DM-B-CD gave
higher resolution for EP and NE enantiomers. Szoko ef al. [1996] studied the effect of
methanol on enantiomeric separation of AP, MA, PE, EP, NE and other
phenylalkylamine derivatives usiﬁg DM-B-CD. The better and worse resolution of
some enantiomers was obtained. Their results can be explained using theory reported
by Wren and Rowe [1992b] and Penn et al.[1994] as previously mentioned in Section
1.5.3.1. In comparison with single CD, a dual CDs system containing DM-B-CD and
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1.6 Aim, Scope and Advantages

Most previous work on dual CDs for chiral CE separation involves resolution
optimization carried out by random variation of CD concentrations. The use of dual
CDs may result in improvement of resolution for some enantiomers, while loss of
resolution for other enantiomers. In dual CDs system, difference models, based on
enantioselectivity (o) for a pair of enantiomers, have been proposed to explain a
Yf gration times [Fillet e al. 1999]

))l 2002]. However, the

CD concentration. Penn

change of Ap, where a is defined as the

and electrophoretic mobilities

et al. [1994] reported the enas of binding constants

(K) of enantiomers and CDgi can be well used to

describe a change of Apg mic solvent and CD

It is interesting to investigate thgomwﬁl

enantiomers in dual CD snased on enantxoselemm%? ed as the ratio of

binding constants. Therefore, the aims of tk

of Ap of enantiomers in Bplllary electropho using du@cyolodextrins and to

compare theory and practiceé’ of, enantiomeric sgparation. The experiment will be

B T

containing 3-CD an d'DM- B-CDina tneﬂaanolammomum-phosphate buffer at pH 3.0.

One objecﬂeﬁﬂxt@nﬂne trejment OH ren an fl%vﬂ EJ a@ lﬂn et al.

[1994], involving separation of one pair of enantiomers using single CD, in order to
compare experimental and predicted A of several pairs of enantiomers over a wide
range of concentrations of dual CDs. In initial work, the binding constant (K) of each
isomer and each CD will be determined by CE using a single CD system. Equations
and theoretical models for Ap of enantiomers in a wide range for concentrations of

dual CDs will be first proposed in this work, based on enantioselectivity and
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dimensionless quantity of KC, where C is the CD concentration. It is expected that
the proposed Ap models could be used to explain a change, an increase or a decrease,
of Ap when the second CD (CD2) is added into the BGE containing the first CD
(CD1).

A further objective is to extend Nhujak’s work [2001], moving from one pair
enantiomers in single CD to several pairs of enantiomers in dual CDs, in order to

resolution over a wide range of

compare observed and predicted peak val w
dual CDs concentrations. Two major contri! ésion and EMD, causing peak

ensionless quantity of KC
will be developed for pr iency and resolution of

enantiomers in dual CDs. foul i cted (0"bejuseful to choose CD

A final objective is to" op on of several pairs of

enantiomers using data from' b . ity, predicted Ap and
2 ek

n. At a fixed concentration , A and-uswal as a function of CD2

e
jon of several pairs of

Jf 1siexpected to be very useful to

. : il
achieve resolution of simultaneous separation M

110
o

It is expected that this whdh wor r exp@xation of a change of

electrophoretic mobility difference and resolution of enantiomers in capillary
y F=™ b

electrophoresis uﬁw fﬂo%tﬂ mowlﬁ{lwﬁ}t simultaneous
i 1 this

separation of several|pairs of enantiomers. In ad ition, work may be applied for

po ) 0V Kigwr b in N fnf b

production. The latter relates to legal or illegal drugs taken. It should be noted that S-
MA and its main metabolite S-AP in urine samples is evidence of illegal use of S-MA,

while R-MA and its main metabolite R-AP for legal use of R-MA medicines.
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