CHAPTER III

RESULTS AND DISCUSSION

3.1 Enantiomeric Separation Us1 %’
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3.1.1 BGE Conditions

ing a phosphate buffer at
AP, MA, EP and NE was

Typically, CZE separation of b
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triethanolammoriium, respectively [Pospichal er al. 1989 and Foret et al 1993].

etter resolution than

Therefore, Na* and trisH" give greater mobility difference than triethanolammonium with
typical basic analytes in the presence of CD (aa oc 1 - pa/pc, when pc > pa in Equation
3.11). In addition, the triethanolammonium-phosphate buffer has usefulness for
suppressing EOF [Fillet er al. 1995] due to the binding of triethanolammonium cations to
negatively charged ionize silanol sites on the capillary walls. Using the

triethanolammonium-phosphate buffer, Ferguson et al. [1996] reported that EOF was less
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than 0.11 x 10®* m? V"' s, Emy [2002] reported that, at low pH BGE, the extra EMD of
analytes caused by H30" is significant when the ratio of the concentration of H3O™ to that
of the BGE co-ion is greater than 1/20. In this study, the BGE used was prepared by
titrating 0.10 M H3POy with triethanolamine to pH 3.0, giving ionic strength of 0.038 mol
kg or M. Altria ef al. [1992] suggested that a BGE co-ion concentration at least 100
times greater than analyte is essential in order to reduce EMD and to prevent analyte wall
interaction. However, the higher the BGE concentration, the greater the heat generation.

The BGE used in this experiment has been ‘ eyiously used for separation of basic

enantiomers [Bechet et al. 1994, Fergus #/rguson et al. 1997 and Nhujak
2001].

1—-l-lll‘

3.1.2 Binding Constant and EM”

Simultaneuos separation of

in single CD was
carried out as a procedure descri _ .2 show examples of
electropherograms for separation : s with)sep rate B-CD and DM-B-
CD, respectively. From Figure 3.’ € peaks are obsery t0 no separation of each
pair of enantiomers. By spiking y :' ] nantiomers were found

to be AP, MA, PE, EP and NE at

EP. The greatest p for AP is ,B}smbly due to the smallm;_'
ler p for PE,

bonding in a molecule, resultiQ in a decr

1,13 and p o« z/ry, as

' to intra-hydrogen
ve charg@. The smallest p for
EP may be caused by either the legs gffective charge o&_ylrger size.

AUBINENINEING

It is seen from Figure 3 that resolution of each pair of AP, MA PE and EP enantiomers

SN WG] O b

enantiomeric resolution of each pair of enantiomers, except for AP where Rs < 1.5, was

shown in Equation 1.6). Th

achieved using DM-B-CD as a chiral selector. However, baseline resolution for
simultaneous separation of all five enantiomers using B-CD or DM-B-CD was not
achieved (R; < 1.5). It should be noted that each peak was identified by spiking standard
analytes and comparing with previous work [Cheryl et al. 1995].
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Figure 3.1 Electropherograms of enantiomeric separation of AP, MA, PE, EP and NE
using B-CD as chiral selector. CE conditions: uncoated fused silica 50 um i.d. x 57 cm
(50 cm to detector), temperature 25 °C, BGE as 100 mM phosphoric acid titrated to pH
3.0 with triethanolamine, voltage 30 kV, 0.5 psi pressure injection for 2 s and UV
detection at 200 nm.
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Figure 3.1 Continued.
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Figure 3.2 Electropherograms of enantiomeric separation of AP, MA, PE, EP and NE
using DM-B-CD as chiral selector. CE conditions as shown in Figure 3.1.
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To compare theory and practice in enantiomeric resolution, the binding constants for each
enantiomer to CD were determined in order to predict electrophoretic mobility difference,
peak variance and resolution. At a given CD concentration, the observed and corrected
electrophoretic mobility (s and ) were obtained as previously mentioned in Section
2.3. The relationship between corrected electrophoretic mobility and the concentration
of B-CD and DM-B-CD is shown in Figure 3.3. Each of the p values was measured as the .
mean of two runs. Binding constant and electrophoretic mobility of CD inclusion

complexes as shown in Table 3.1 were obtai m Equation 1.33 and the CEfit
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or DM-B-CD as chiral selectorﬂ or EP, t g was in-mder (1R,25) > (15,2R)
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Figure 3.3 Binding curves for AP, MA, PE, EP and NE enantiomers to (a) 3-CD and (b)
DM-B-CD. Experimental (symbols) p is the average of two runs and corrected with BGE
viscosity as Equation 2.2. Predicted (solid lines) p is obtained from Equation 2.5 and data

in Table 3.1.
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Table 3.1 Binding constants, electrophoretic mobilities and enantioselectivity for AP,
MA, PE, EP and NE

KM w10® m*s v
CD | analytes first second a
oe o2 _— Ho Heo
migration migration
AP Ks 85.46 Kr 92.71 2.28 0.74 1.085
+0.58 +0.66 | +0.01 +0.01
MA Ks 99.83 Kr 110.10 2.20 0.72 1.103
+ (.59 £0.65 | +0.01 +0.01
B-CD PE Kiror | 42.03 | K 3 2.03 0.67 1.413
+ 0.34 ! +0.01 +0.01
EP Kisor | 36.3 Kir 1.98 0.58 1.071
+ (i + (; 0.01 £ 0.01
NE KIR,ZS 29 br [ 29, .05 0.56 1.000
L Aral L s OTOT +0.01
AP Ks . 156.4 15228, 0.72 1.045
+ +26 0.01 +0.01
MA Ks 6 7\ 0.66 1.052
4 it ETANN +0.01
DM- PE KIR,ZR 34 .{23'1—[ _J T8 : 0.70 1.516
B-CD S H BT vl +0.01
EP | K . o 0.70 1.129°
il 2 4 1 | +001
NE Kir2s 4 ' 5 0.74 1.187
+ 1) 7 .01 +0.01
K and s are obtained from a non- llnear t=ey nt of p as a function of C using

1 as 7 ’- Ky/K;, where K; > K;
[Penn et al. 1994]. In this caseB and j refe and the sa)nd migration order.
o= 1 indicates no enantlomerlcqfrggglutlon such asyNE enantiomers with B-CD. The

e v s ] B Q1) NSW UAR Fe o

Table 3.1 suggested that B-CD give hlglber optimum resolutlon of Ag-’and MA
s ) S OLQL O OV, Y i O e fon o
PE, EP and NE gnantiomers than does B-CD. However, CD concentration at maximum
resolution depends on binding constant. Further discussion is present in Section 3.1.3.
The enantioselectivity cannot be predicted easily. It depends on analytes and CD types,

and does not relate to the binding strength.
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3.1.3 CD Concentrations at Maximum Electrophoretic Mobility Difference and

Maximum Resolution

Figure 3.4 shows a comparison of observed and predicted values of electrophoretic
mobility difference (Ap), corrected with relative viscosity, over a wide range of CD

concentrations. At a given CD concentration, the predicted Ap was obtained from

Equation 1.34 using data of AK, K, Ho and W, in Table 3.1. From plots of Au as a

function of C in Figure 3.4, the predicted / es with an increase of C up to

ined between observed and

@centration at maximum

predicted Ap over a wide range of£.CD.concentratiéns.

Ap (Caumax) may be calculate(

dAw/dC = 0, maximum Ap o : I R \\‘Q\ d Penn et al. 1993,
1994]

sing differential calculus. At

G.1)

From Table 3.2, the observed and ‘pred u;'f P ¢ t ons at Al maximum were
found to be in good agreement. Equatios T,,f *1-# at the higher the binding
constant, the lower the CD ¢encentration at maximum Ap. This'can be used to explain the
difference in Caymax for eac % | ‘L‘ .4 and Table 3.2.

For each pair of enantlomers e lower Caymax Was obtained fo I' M-B-CD than B-CD
due to the greater blnﬁ nmﬁl\ﬁ ﬁ Wa  prey u% mentioned in
Section 3.1.2. gle E‘] ﬂ




() B-CD

0.16

0.124 s

- 0.08 -

Ap (10°mV's™)

0.04 -

0.00

(b) DM-B-CD

0.16

¢ n

8L

0.12-

Ap (10°m2.V' s
(<]
2

¥

42

Figure 3.4 Electrophoretic mobility difference (Ap) for each pair of AP, MA, PE, EP and
NE enantiomers using (a) B-CD and (b) DM-B-CD. Experimental Ap (symbol) is the
average for two runs and corrected with the BGE viscosity using Equation 2.2. Predicted
Ap (solid line) is obtained using Equation 1.34 and data in Table 3.1.
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Table 3.2 Calculated and observed CD concentration at maximum Ap and maximum R;
using B-CD and DM-B-CD as a chiral selector

analytes at Apmax/mM at Rs max/mM
aCcalc,Apn'lax Cobs chalc,Rsmax Cobs
B—CD AP 11.2 10.0-14.0 19.7 >16.0*
MA 9.5 8.0-10.0 16.7 »16.0*
PE 20.0 =16.0* 34.8 >16.0*
EP 26.6 > 16| 49.2 >16.0*
NE° no resolution. res resolution | no resolution
DM-B-CD | AP 6.5 5.0-10.07% 1.6 10.0-15.0
MA & 5 , 1 5.0-10.0
PE 9 0 BN , 15.0-20.0
EP 1 0-20.0 " |, 20.0-25.0
NE 15 5.0-250 | 25.0-50.0
*maximum solubility of p-C 4 \ (= J ‘ \
observed usmg Equation 3.1 and/dat 1
®observed using Equation 3.3 d £w § Y \ ,
“no resolution of NE enantiomers. AT - i
..:.r"‘r o
;l_if ‘-3- ‘ 1’.!"' ; |
When peak variance due only to diffusion 1s ount, it follows from Equations
i il J“",.,-’J' h v a"

tio,

1.14, 1.33 and 1.34 that enar ric resolution 1s
a enalrhiz;rgg@, solution 1

(3.2)

ﬂﬂﬂ’)ﬂﬂﬂ‘iwmﬂ‘i

when pe, = 0 and p, foflD in Equation 1.17 i 1s assumed to be equal to pu, dlfferentlatlon

o ARG GO U b

(C max ) [Penn ét al. 1994]

-
(=]

{3.3)

R max —

x| =
=
8

Using Equation 3.3 and data in Table 3.1, the predicted concentration at maximum
resolution Crsmax is shown in Table 3.2. The observed values of enantiomeric resolution

in a wide range of CD concentrations are shown in Figure 3.8, obtained from measuring
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peak width at base and using Equation 1.13. From Figure 3.8 and Table 3.2, the observed
and predicted Crgmax were found to be in good agreement. Both experiment and
prediction show that CD concentration at maximum R; is slightly greater than CD
concentration at maximum Ap. From prediction, the value of (uo/po) is always greater
than 1.0. Therefore, in the absence of EOF, it follows from Equations 3.1 and 3.2 that the
predicted Crgmax = (po/pm)m/ K is greater than Caymax = 1/K . This is because peak

resolution is proportional to Au/ JE (Equation 1.14), and p decreases with increasing CD

concentration. This favors CD concentration e th max [INhujak 2001]. It should
be noted that the solubility of B-CD'is-in it 16 mM. Therefore, the

maximum Ap and R were not observedsfor PE anc using B-CD as selector, due to K

<62.5M™",

AULINENINeINg
ARIAATUAMINYAE
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3.1.4 Observed and Predicted Peak Variance and Peak Efficiency
3.1.4.1 Predicted Peak Variance

Details of peak broadening in CE were previously discussed in Section 1.2.4. Two major
contributions, longitudinal diffusion and electromigration dispersion, were taken into
account for prediction of peak variance. Other contributions, such as detection aperture

width, detector time constant and injection I sample stacking, are negligible,

each less than 0.1x107 m?. Thermal di 1 absorption are difficult to

predict. Nhujak [2001] derived e ce due to longitudinal

%a function of the

Firstly, peak variance due to longifudi Son'is cor 3 leted. In the absence of EOF,

diffusion (ol;) and electromi

dimensionless quantity KC.

where p and p. are the eleg

e BGE. In ﬂm case of a univalent

omc strength o

analyte in the uni-univalent BGE @25 ° be calculated using the
equation given by Suuq u &19’(3 w E] W ‘%‘W g
ARTREAT AWIRN A L

where / is the ionic strength of BGE (/ = 1/22Cizi2) and a (in nm) the sum hydrodynamic

complex, respectively, at zer L

radii of the analyte ion and counter ion. The hydrodynamic radius (r4) is previously given
in Equation 1.6, and p° is used instead of p. Electrophoretic mobilities of analytes and

BGE ions at zero and experimental ionic strength are shown in Table 3.3.
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Table 3.3 Electrophoretic mobilities at zero and experimental ionic strength

Electrophoretic mobility (x10® m*V's™)
analyte:CD complex
ions free analyte
B-CD DM- B-CD
Ko Ko Ko Mo Ko, Ko
AP 2.28° 3.00° 0.74° 1.24° 0.67° 1.16°
MA 2.20° 2.91° 0.72° 1.22° 0.66" 1.14%
PE 2.03* 2.7 N0:6] 1.16° 0.70* 1.19%
EP 1.98° T . T 068 | LI7
NE 2.05% 0:56° : 0.74* 1.24*
H,POy 22,857 - M - -
triethanolammonium | 2.15 ' l‘ - E

*Obtained from experiment (Table

*Calculated using Equation 3.9 r‘% .
‘Obtained from Pospeichal et 9 "ore
LA M
J‘l o \ .
Next, peak variance due to EMD i§ Mf ' e of EOF, it follows from
: N2lel . _
Equation 1.20 that the value of o\ ay becalcul sing the equation.
l'nl;r*"r-" -
G.r:ﬂe . Ln}cpw ‘ (3.10)

For Equation 3.10, each par. de 20-and 1.21. A change in
viscosity due to CD affecta"ﬁ:hange of observed electrophoré

analyte and BGE ions ﬁ m ation 1.21 for
calculation of ay is eqqnﬂ mmr o, e Hjﬂfﬁ pa/pe. In this
case at / = 0.088 mol kﬁl § refers to the nét elec horetie. mobility of anélyte and its

compic . n Dokl NfanaIRIE elakika ety N0

and trlethanolammomum respectively. From Equation 1.33, the value of pa/pc in

mobilities of both

Equation 1.21 is related to the dimensionless quantity KC as the equation [Nhujak 2001]

Ho L kC
Ba_|He  (Ha (3.11)
He 1+KC |pc
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The predicted values of 6}, o2, and total peak variance (o, ), shown in Figure 3.5,

are the average for two enantiomers. Therefore, KC is used in Equations 3.8 and 3.11.

From Equations 3.8, 3.10 and 3.11, at a fixed CD concentration, the predicted values of

olq for each type of enantiomers are slightly different due to slight difference in the
mobility ratios of p? /u, and the value in the blanket in Equation 3.8. In a wide range of

CD concentrations, the predicted values of o for each type of enantiomers slightly

increase with increasing CD concentration. E ion 3.8, when other parameters are

constant, the value of 67, depends 3n ‘yj w, the values of ¢} are
equal to fairp? /Ho and fairrp® / @ely,*her@L/zeV [Nhujak 2001].

For example, the value of e / for MA, therefore, the

resulting in an increase of /; atration. At the high

concentration of CD, a decreasg)f linj is approximate an increase of‘aa, resulting in slight

difference of liyjx aawith i r‘aﬂl 1 ion. arison with other
analytes, MA is seen q;szjgrs aﬂﬁﬁiﬂﬂ;j}ae}i the strongest
binding with 3.1) and_smallest & (Figure 3.3Y5This results in%He greatest
different mobiﬁ ﬁnﬁyﬁ iﬂ%ﬁﬂﬁ&ﬁﬁ- % ::lta uation

1.21). For each type of enantiomers and equal concentration of B-CD and DM- B-CD,

DM-B-CD should give the higher values of predicted 7, due to the smaller pa caused
by stronger binding of each analyte and CD. The total peak variance as shown in Figure
3.5 (the upper line) is the sum of o}, and 6;,,. The predicted value of total peak
variance slightly increases due to a slight increase of o}y and o, as previously

mentioned.
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(a) B-CD
16
——— AP
——MA
PE
2+
i)
'72 8 N
“o
4 -
0
(b) DM-B-CD

Figure 3.5 Predicted peak variance for AP, MA, PE, EP and NE enantiomers using () -
CD and (b) DM-B-CD. o” is the average for each pair of enantiomers. ol and o, are
obtained from Equations 3.8 and 3.10, respectively, and data from Tables 3.1 and 3.3.
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3.1.4.2 Comparison of Observed and Predicted Total Peak Variance

2

Observed and predicted values of o2,

are compared as shown in Figures 3.6a and 3.6b
for using B-CD and DM-B-CD as a chiral selector, respectively. Each predicted value

(solid line) of o}, is the average for a pair of enantiomers as previously mentioned in

Section 3.1.4.1. The observed value of o2, was obtained from measurement of peak

tot

width at base from electropherograms in Figures 3.1 and 3.2, and calculation using
Equation 1.9. o2, is equal to (vt )% wl\\ ‘ Hﬁ// ch observed value is for each
isomer. Some observed o> cannot t ned &:losed peaks, such as AP,

tot
D™Forus g B-€D ( .62), the observed values of

MA and PE at 50.0 mM DM-B-C

., are approximately twice highesthan'the predict or AP, MA, PE and EP,
and twice to four times for NE. Fg e observed values of
o,, are approximately 10 to values for all test

enantiomers. The result of tHis diffesénéeis (ths e other sources, especially

analyte-wall absorption and ex IDF effectiof extra | is firstly considered.

The parameter ca for calculation g , a .20 and 3.10 is the concentration

containing multiple analytes, the total cogefmr"" R (ol analytes is higher than
X ’ 4 ) N p yt g

=t RS .

the single analyte. This reﬁl}y in the observed
Xt consideration is the effect

EMD caused by the overlappin‘é}r"z:- vigrati

of analyte-wall adsorption. Since:lIr téS: analytes carry a positive charge, the interaction
between analyte and i il (s pessible. parison with
DM-B-CD, B-CD gav@ﬁﬂﬁﬁﬂﬁiﬁﬂﬂ@ O, possibly due

en.. capil g % sulating
NGB el IV TjaFx:

to the interaction
groups for DM-&-CD. There have been reported that alcohols and carbohydrates, which

analyte. It sho

contain hydroxy groups, can interact with the capillary wall. In comparison with other

analytes using B-CD (Figure 3.6b), NE was found to have higher difference in the

observed and predicted o., due to extra EMD caused by co-migration of NE

enantiomers. This difference between NE and other analytes was not observed for DM-f3-
CD (Figure 3.6b).



50

o)
}
0
on
2N
}
o
w

L&)
m e
-
Ume

N9
amaﬁﬂmm YINY

C (mM)

emm
3,
O
3 |
e
i
r*_"
Y

(a) B-CD
Figure 3.6 Observed (symbols) and predicted (solid lines) total peak variance (o, ) for
AP, MA, PE, EP and NE enantiomers using (a) B-CD and (b) DM-B-CD. The predicted
value is the average for each pair of enantiomers obtain from Figure 3.5a. The observed
value is obtained from each isomer for each run. The black and blank symbols refer to the
first and second run, respectively.
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3.1.4.3 Observed and Predicted Peak Efficiency

Figures 3.7 shows a comparison of observed and predicted peak efficiency of each pair of
enantiomers using B-CD and DM-B-CD, respectively. The average value of peak
efficiency (V) was calculated using Equation 1.12 and data in Figure 3.6. The observed
N for each pair of enantiomers was obtained from the same run. Over the wide range of
CD concentrations used, observed values of N were found to be in the range = (1.0 to
2.0) x 10° for B-CD and ~ (1.8 to 2.6) x 10° foi 3-CD, while the predicted values of

) x 10° for DM-B-CD. Since

N were in the range ~ 3.5 x 10° for B-CD

peak efficiency is proportional to 1767 observed and predicted

values can be explained in a simi

AULINENINeINg
ARIAATUAMINAE
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Figuré 3.7 Observed (symbols) and predicted (solid lines) peak efficiency (V) for each
pair of AP, MA, PE, EP and NE enantiomers using (a) B-CD and (b) DM-B-CD. Each

value is the average for two enantiomers in the same run. W and @ refer to the first and

second run, respectively.
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3.1.5 Observed and Predicted Enantiomeric Resolution

Figure 3.8 shows a comparison of the values of observed and predicted resolution over a
wide rahge of CD concentrations. The observed values of Rs were obtained as previously
mentioned in Section 3.1.3. In the absence of EOF, resolution in Equation 1.14 is given
by

R, = (3.12)
The predicted values of Ry were cal aﬁnd data of i1, Apand N
| —— -

from Figures 3.2, 3.3 and 3.7, respeetiVely.-Over 2 wide range-oi L D concentrations, the
observed and predicted values h | nt between observed
and predicted resolution was ob M-B-CD and EP using
B-CD, while the values of obse ution were found for
AP, MA and PE using B-CD. The diff edicted R is due to the
difference in N as previously men es 3.7a and 3.7b. It
should be noted that Rs depends cood agreement between

o il i “‘f‘ Y

observed and predicted f and Ap are obtémeﬂ‘:mi :
ATk 2 NS
YA
(A4

In previous work on enantigrigric=resotution 1 of fenflug amine-eian ers over a wide
range of CD concentrations [N J 2001], - ' C reement between the

observed and predicted resolutlon whlle DM-B-CD gave the observed resolution slightly
less than did TM-B- esolution, the
observed and predlcteﬂ;zymon ?mﬂnﬁ ﬂmm for terbutaline
and propanol on., 1 while the observed
resolution of Ecﬁcﬁj ﬁ%ﬁﬁ mim i)]lﬁ ﬁ EJJ t&half of

the prediction [Ferguson et al. 1996]. The observed resolution less than prediction may be

due to peak broadening contribution from analytes and capillary wall interaction as

discussed in their work [Ferguson ef al. 1996 and Nhujak 2001].
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= AP
124  MA
A PE
¢ EP
8
o
4
(b) DM-B-C
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Figure 3.8 Obseg/ed (symbols) and predicted (solid lines) resolution (Rs) for each pair of
AP, MA, PE, EP and NE enantiomers using (a) B-CD and (b) DM-B-CD. Observed R is
the average for two runs. Obsreved and predicted values R; are obtained from Equation
3.12 and data from Figures 3.3, 3.4 and 3.7.
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Using CE conditions, as in this experiment for separation of basic compounds, Nhujak
[2001] proposed the simple equation Rs ~ 30(a-1) for the maximum resolution of
enantiomers, where o is the enantioselectivity. Table 3.4 shows a comparison of observed

and predicted values of maximum resolution.

The values of predicted Rsmax from this work in Figure 3.5 are obtained to be in good
agreement with the simple equation R ~ 30(a-1). In comparison with predicted R max
obtained Figure 3.8, the values of observed R; % afe also found to be in good agreement
with prediction, except for AP, MA and ] eTe /25-35 % less than predicted

R max Was obtained.

—
Table 3.4 Predicted and observM AN

- - ‘ \ ‘observed
CD enantiomers o i ‘
re 3.5 . Rs,max
AP W AN N 2.0
' LA b
MA . N |7 2
B-CD PE 1 . ;ﬁF 24 11.5 7.5
EP Lo e - 22 1.8
NE 1.000 .~ 7 % 0.0 0.0
AP ‘ i 1.2
MA | | 1.9
DM-B-CD PE Wl 1.51 5 14.0 12.0
EP 4129 3.9 4.0 3.6
N 7 : i m 58

“the equation is obtainedfrom Nhujak [2001]

S AR AN T NN Y

u
|
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3.1.6 Observed and Predicted Simultaneous Separation of Several Pairs of

Enantiomers

For separation of one pair of enantiomers, the optimum CD concentration should be in the
range of the CD concentration at maximum Ap or maximum R, in order to achieve high
resolution. However, for simultaneous separation of several pairs of enantiomers, the

resolution of each pair and different pairs of enantiomers should be considered.

In this section, the values of electrop MI/ nantiomers from experiment

predicted simultaneous

and calculation are considered e sbs
T —— - ——

separation of several pair enantiom Sim . i enantiomers using -

CD is firstly discussed. From p 5) in Fi , over a range of -

CD concentrations between 0 of o, P, MA and/or PE
LY )

hh% achieved resolution
, the following pairs
-PE:EP enantiomers,

ropherogram in Figure

3.1b. At 8.0 mM B-CD, p of S-AP | enantiomers, therefore closed

three peaks are obtained, in good @3{; ith the pattern of the observed
gul é: .3a and 3.4a, the
-l

' is seen for ¢ »“MA, PE and EP

electropherogram in Figure '-336. At 11 to 16 mM B-CD in

predicted Ap > 0.02x10° s

enantiomers, indicating achiagd baseline resolution for each aair of enantiomers.

However, R-AP and (lS,ZﬁE havesalmost identicald) leadgj to co-migration of these
g

two analytes, which isﬂ E&Q‘w m @tﬂh I g’rJrIfI]\ gure 3.1g. For

the predicted p (solid lin%!) in Figure 3.3a, thegsuitable B-CDﬁoncentration ofqu).O mM is

cnr ARGV P AHAE ) i oo

in good agreemerit with the pattern of the observed electropherogram in Figure 3.1f.

Simultaneous separation using DM-B-CD is now considered. From predicted p (solid
lines) in Figure 3.3b, over a range of DM-B-CD concentrations between 0 to 8 mM, the
values of p for AP and MA enantiomers overlapping those of other enantiomers indicate
that no achieved resolution of some pairs of analytes. For example, at 5.0 mM DM-B-CD,

the values of p are almost identical for the following pairs of analytes: (1R,2R)-PE:S-AP
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and R-AP:(1S,2R)-EP, indicating co-migration of these pairs of analytes. The observed
electropherogram in Figure 3.2a (5.0 mM) is found to be in good agreement with
prediction. At above 20.0 mM DM-B-CD in Figure 3.3b, predicted Ap of (1R,2R)-PE and
(1R,2S)-EP is seen to decrease with increasing DM-B-CD concentration, indicating an
increase of co-migration, which is in good agreement with the observed
electropherograms in Figures 3.2d-f. In addition, AP enantiomers at above 20.0 mM DM-

B-CD have a decrease in predicted Ap and their electrophoretic mobilities are closed to

(1S,25)-PE, indicating closed three peaks a ‘jf DM-B-CD and co-migration of
Thi a reement with the observed

these three analytes at 50 mM DM-B- !
pre@te m 3.3b, the suitable DM-

electropherograms in Figures 3.2@
iﬁvnoeparatxon of AP, MA,

B-CD concentrations of 10 to y . 4
PE, EP and NE enantiomers. . -AP and R-AP have

2R)-PE:(1R,2S)-EP

closed p, indicating closed thr
and S-AP:R-AP are closed at ting closed peaks of
each pair. The suitable DM-B-CD & ions" & rn. of electropherograms

are found to be in good agreeme wedni- prediction (Eigite 3.3b) and experiment

It can be concluded from Sectlorw}f,-,{ﬂat (, e optim CD concentration for
L ‘ ,
simultaneous separation of sgveral pairs of enantiomers using single’CD can be predicted

from binding constants o “The observed CD

‘9 ]

concentrations at maximum mebility difference and maximum resolution were in good

agreement with theory, rev1o§-ﬂported by Pennlér al. [1993, 19 5‘ Over a wide

At bbbt ol lahed b

and predicted values 0?4}16 mobility difference. Using th&equatlons for p&jiiction of

i WRAROLEGR T WA DY) DS =

obtained between the observed and predicted resolution over a wide range of CD

range of CD concentr the observed

concentrations. In addition, the observed value of maximum resolution was in good
agreement with the simple equation Rsma = 30(a-1), where a is the enantioselectivity,
reported by Nhujak [2001]. Furthermore, the suitable CD concentration and the pattern of
electropherogram for simultaneous separation of several pair of enantiomers can be

predicted from plots of predicted p and Ap as a function of CD concentration.
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3.2 Enantiomeric Separation Using Dual cyclodextrin
3.2.1 Principle of CE Chiral Separation Using Dual Cyclodextrins

In the presence of two types of cyclodextrins (CD1 and CD2) in the BGE, binding

equilibria for enantiomers (R and S) are represented by

R+CDl ==%> RcD1
Kor
R +CD2 === RCD2.

Equations defining the binding c

o= [RCD1] (3.14)
[CD1][
_ [RCD2] (3.15)

** "~ [CD2][R]

From Equations 1.32, 1.33, 3.14 and 3.1 i the electrophoretic mobilities of

a pair of enantiomers are givy .
wo M m (3.16)
. +KC, + KiC, ’
‘o Y -
PUHUQATIENEINT  on
qJ S 13-

s AR I N INGI T B

dual CDs system can be expressed by the equation

_ AK, (”o —u,,,)C,+AK2 (P'o _P'wz)cz +(K2RKIS "'Kszs)AFlwclcz (3.18)
(1+ K C, + K ) (1+ K,sC, + K, iC,)

Ap

where AK| = K|R- KlS and AKz = KzR— Kzs
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3.2.2 Theoretical Models of Mobility Difference

Ap in Equation 3.18 may be rearranged to relate to X C and o, as the equation

2(9‘51]1?@,(“0-“,},”2(“2‘1
o, +1

@, +1

)KzCz(uo—uﬂH (——2—']K Colitg <)
Ap= 2

(a, +1)(a, +1)

(1+KC,+KC,)

(3.19)

in the dual CDs system,
firstly proposed in this

work, and classified into five types based ¢ antioselectivity. ratio (o, = 0/at).

Type I:
Type II:
Type III:
Type IV:

Type V.

Typically, the value of enantig ‘ of Types I, Il and
III where o) and o > 1.0, e(mtiomers ave same migration order in the presence of
single CD1 and CD2 in the BGE#Tnsthe case of TypeV, enantioselectivity less than 1.0

e e o 9 R U A4 o

where o and o are eq al to 1 .0, indicates c‘?-mxgratlon of enantiomers anUerefore ,n

e R A ATRN AT TR B

predict the valueg of Ap for enantiomers at a fixed C; over a wide range of C;, the values
of por and P in Equation 3.19 are assumed to be identical, and therefore, Ap in

Equation 3.19 is given by the following simple equation

2((“* )KC ( lec)
& 41 g, &
(Mo —H.) (3:20)

(1+K,C, +K,C,)’

Ap =
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From Equation 3.20, by keeping a constant C in the BGE, the change of Ap depends only
on C; of CD2 added in the BGE. The CD2 concentration at maximum mobility

difference, C, can be determined from Equation 3.20 by using differential calculus.

Dltmay

When dAw/d K,C, =0

K,Cy,,  =1+mKC, (3.21)

(3.22)

where n= [1 -2

The values of a.and K in Equation'3:2: : (éTable 3.5, and po-poo =

1.5 unit. Figure 3.9 shows two andsti -/- iona lots of the Ap models
of Type I to IV, using data in : / ed K€, overa widerange of C,. K,C, =

0 or single CD in the

1 refers to the CD1 concentrati@

BGE, a change of Ap as a funetio 1), is"previously discussediin Section 3.1.3 and
Figure 3.4. F J '

Table 3.5 The assumed values of o ai odels for Ap

Type K, MM
I =11 100
P
i 100
‘4
i 120 120 1.00 100
¢ o/
v 1 ﬂ T

ARIAATUAMINYAE
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9% C, (mM)

Figure 3.9a Theoretical models of Au of enantiomers in dual CDs S}fstem. Type I
o, > 1.0, where o> oy > 1.0. Ap is obtained using Equation 3.20 and data in Table 3.5.
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Figure 3.9b Continued. Type II: ot < 1.0, where o > oz > 1.0.
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Figure 3.9¢ Continued. Type IIl: ag = 1.0, Where =0 > 1.0.



q0 3
C, (mM)

Figure 3.9d Continued. Type [Va: o, < 1.0, where o, 2 1.0 2 0.
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.08 1
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—/ ?030
50
z
188

C2 (mM)

Figure 3.9e Continued. Type IVb: o, > 1.0, where 02 1.020a.
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Figure 3.9a is firstly considered. At fixed CDI concentration, for example, K,C, = 0.5
and 1.0 and 5.0, respectively, the values of Ap as a function of CD, have the same trend,
but the smaller the value of K,C,, the higher the value of Au.In addition, the CD2
concentration giving Apmax increases with decreasing the fixed value of K,C,. From
Equation 3.21, when o ~ 1, the value of m = 1, giving the equation I?ZCZ.ANM ~1+KC,.
Therefore, C,,,  for dual CD system is higher than C, an,,. At single CDI system. It can

be concluded that if higher enantioselectivity ! that for CD1, addition of CD2

in the BGE containing CD1 result Ap for enantiomers up to

maximum depending on CD1 con

Secondly, Type II in Figure 3..9 g Ap greater than Ap
at K,C, =1 and K,C, =0 ( ion of CD2 in the BGE
containing CD1 leads to a decre l I:: } .’ her values of K,Cl , CD1
concentration at K,C, =1 giveét ighest A 1 of CD1 concentrations.
From Equation 3.22 and data in Table 3 " .05 for Type II), the value
of parameter m is equal to —6.45, giv 51?1C, , Therefore, at K,C, >

fat/,CD1 without CD2

ue to C, ,, <V, naicating:s

. er 14 tioselectivity than
|

CD1 gives worse Ap, except for K,C, < 1/m.

Thirdly, considerationﬂ"lyeﬂ iﬁizge%yis]cj:udﬂ :LQ thi&, at high IZ,C, :
e VI T T IR

ogxample
I?IC, = 0.5, addition of a small amount of C; increases A up to maximum wi Coopn

provides better Ap. It can be

less than C,,, at C, = 0. This may be explained from Equations 3.21 and 3.22 that
m = -1 for oy = o, giving I?ICZ‘APM =1-K,C,. Therefore, maximum Ap is observed,
when K,C, < 1. For example at K,C, =0.5, C,,, =S5, observed from Figure 3.9¢c and

calculated using Equation 3.22 and K,=100. It can be concluded that, for dual
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cyclodextrins with a similar enantioselectivity, the improvement of Ay is obtained only

when K,C,+K,C, <land ;< C,,, atKC =1

Finally, the Ap model for Type IVa in Figure 3.9d shows that, at fixed K,C,,an increase

in C; results in a decrease in Ap to zero and then Ap < 0. This indicateds tha reversed
migration order of enantiomers in CD2 and CD1. The Ap model for Type IVa and IVb

are similar, but opposite sign of Ap.

containing DM-B-CD, CD1 a , respectively. For

calculation of Ap using Equati6 “land o obtained from

Table 3.1 are summarized in Tab ers p used are shown in

Table 3.1.

as a function of the

Figure 3.10 shows 3D plots 54
.r“"- B-CD at various

concentration (C; = Cpg) of DM-B

values of K G (K.C), Flgurejll shows plots of pred
as a function of the co ﬁﬂ) gw%’% E‘] i,bT ?CFﬁ)ntalmng DM-
B-CD at various valueﬂ(yzr

In comparxsorﬂ ﬂg éqlh3 ﬂ ilmhugmr];l nzd ’])ﬁ EGIAp of

enantiomers in the dual CDs system are listed in Table 3.6. For the dual CDs system in

Figure 3.10 where CD1 and CD2 are 3-CD and DM-B-CD, respectively, models of Au for

icted valuﬂ)f Ap of enantiomers

each pair of AP and MA enantiomers should be Type II due to o,< 1.0 with aig and apg 2
1.0, while Type I for PE and NE enantiomers due to o, > 1.0 with og and opg = 1.0. As
previous results in Section 3.1.2, EP enantiomers have opposite migration order, using

single CD as B-CD and DM-B-CD, therefore, Ap of EP enantiomers are in agreement
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with Type IVa due to o, < 1.0 with ap < 1.0 < apg. For the dual CDs system in Figure
3.11 where CD1 and CD2 are DM-B-CD and B-CD, respectively, the following models

are classified for Ap of enantiomers: AP and MA as Type I, PE and NE as Type II and EP
as Type IVb.

Table 3.6 The values of K and o used in prediction of theoretical models for Ap of test

enantiomers
Addition of DM-B-CD (CD2) int ' ing B-CD (CD1)
KM! o ®  Model of A
CD _ — 7 Experiment
K, ™ iction
S at Cp (mM)
1 2 K, h oo AN 8.0 |10.0
AP | B | DM-B | 89.1 0 >, | 1048 | 0.9 | it 11
MA | B | DM-B [ 1050 17 3 10524 0954 I8, "I it it
PE | B | DM-B | 50.7 | 103. 41871 STE T 073 I I I
EP | B | DMB | 376 | 86.6 oy‘cu -88¢ IVa IVa | IVa
NE | B | DMB | 29.8 I I I
Addition of B-C , D£€D1)
K ( — Jdel of An
CD 7 ﬁ - m Experiment
: ' o, o Prediciion
N at Cpg (mM)
1 2 EI '] ﬂ 0 [10.0
AP |[DM-B| B I Iu I
MA | DM-B ]_a |1
PE | DM-B | o
EP | DM-B IVb [ IVb
NE | DM-B it 11
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CDs system over a wide range of Cpy at fixed Cp. Ap is obtained from Equation 3.19 and
data in Table 3.6.
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Figure 3.11 Thgoretical models of Ap of AP, MA, PE, EP and NE enantiomers in dual
CDs system over a wide range of Cj at fixed Cpg. Ap is obtained from Equation 3.19 and
data in Table 3.6.
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3.2.4 Experimental and Predicted Values of Ap for Enantiomers in Dual CDs

Figures 3.12 and 3.13 show an example of electropherograms of simultaneous separation
of test enantiomers in dual CDs using (i) a fixed B-CD coﬁcentration and various DM-B-
CD concentrations and (ii) a fixed DM-B-CD concentration and various B-CD
concentrations, respectively. Fixed concentration (C;) of 10.0 mM B-CD or DM-B-CD
was chosen because it gave suitable R for simultaneous separation of all test analytes in a

ctions 3.2.2 and 3.2.3, the high

single CD system. From theoretical mode 5.
lue of Ap for enantiomers

-CD (KCy < 1.0) were

values of KC}, especially greater than
in dual CDs. Therefore, fixed 8.0

also chosen for investigation of Al of en&neiomers in the dual. CDs systems

Figure 3.14 shows experimental an€ pre 1 of ena s'in dual CDs system

over a wide range of Cpp atf _ 4 , O-and 100 T Figure 3.15 shows

with tﬁrype IVa of the Ap
model. As non- enantloselectmtygf -CD for NE (a = 1.0), without DM-B-CD in the

BGE containing f- CDﬁJ H)EJ ﬁ}% E}%ﬁ% Wsﬁﬂl ﬂ‘\‘Ejordmg to Type

[ of the Ap model, incréasing DM-B-CD from 0 up to 30.0 mM resulted in an increase in

A of PE (aaa W’Tﬂ‘:ﬁ'ﬂ‘ﬁm ﬂW"]’] 18 ﬂ t)

zero, due to reversed migrati@ order.



74

0.005
OmM CDB
2 w
A ;‘i o,
0.004] § & &%, .
“ < L :
2 Sl TES 8§ 3
Z S th = 4 o
0.003] Q i = i
Sﬂ I & “
I A e S - \»"»M/ \\J‘ /\ ' ) / \ /
0.002! } —
0.006:2
g
0.005 ¥
= e
< T
¥
0.004 i
i\l\,
0,001,110 Jlﬁt F \\\\\
W m W W
Zé E #‘d-i
o & . ,. | 4
S rA -
i) o 2
< Lol == A -
(ol T — >
" \ ! '~| ,. D
SR -"i :
-0.004
12.0 ‘ 13 0 14.0 150
g
2 Nila 4
o B8 ENENIWETHY
g W] Eaidl 1
'ﬂ\‘mﬁ"fu 'TJ El 1808
‘ i
WA |
HWKJ'\W Hlu ‘
R AR i’-w r\
0.002 Snd YN\ JJ _—

13.0 14.0 15.0 16.0 17.0 18.0
(a) fixed 8.0 mM Cjp over a wide range of Cpgp

Figure 3.12 Electropherograms of enantiomeric separation of AP, MA, PE, EP and NE
using dual CDs as chiral selectors at fixed (a) 8.0 and (b) 10.0 mM Cj and various Cpg.
CE conditions as shown in Figure 3.1.
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(a) fixed 6.0 mM Cpy over a wide range of Cp

Figure 3.13 Electropherograms of enantiomeric separation of AP, MA, PE, EP and NE
using dual CDs as chiral selectors at fixed (a) 6.0 and (b) 10.0 mM Cpp and various Cj.

CE conditions as shown in Figure 3.1.
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Figure 3.14 Observed (symbols) and predicted (solid lines) values of Ap of enantiomers
in dual CDs system over a wide range of Cpg at fixed Cp of 8.0 and 10.0 mM. Predicted
Ay is obtained using Equation 3.19 and data in Tables 3.1 and 3.6.
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Ay is obtained using Equation 3.19 and data in Tables 3.1 and 3.6.
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From Figure 3.15, at fixed 6.0 and 10.0 mM DM-B-CD, experimental and predicted
values of Ap for each pair of AP and MA enantiomers slightly increase with increasing
Cp in the range of 0 to 16.0 mM, which is consistent with Type I of the Ap model.
However, Cp giving maximum Ap is higher than 16.0 mM and is not observed in this
experiment because the solubility of B-CD in water is in the range of 0 to 16.0 mM as

previously mentioned. Experimental and predicted values of lApl for each pair of PE, EP

and NE enantiomers decrease with increasing Cg ever a wide range of 0 to 16.0 mM,

worse Ap was obtained whes ile Ap improved when
addition of DM-B-CD above oty addition of B-CD

in the BGE containing DM Ap for eachmair PE, EP and NE

errfl:ro:zs;e:ifmﬁﬁ ifl %m ﬁo %@WI\Q »;Lmﬁli%my increased of
RIANTUNRIINYINY

CD, the values o
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3.2.5 Peak Variance and Resolution in Dual CDs System
3.2.5.1 Predicted Peak Variance in Dual CDs System
Two major contributions, longitudinal diffusion and electromigration dispersion, were

also taken into accounted for prediction of peak variance in the dual CDs system, similar

to the single CD system as previously discussed in Section 3.1.4.1. In the dual CDs

derived in this work and based on Equati s 3.8 aud 3750 From Equations 1.16, 1.17,
1.33, 2.2 and 3.8 the values of cf,,. TG 1 ing the equations

R (3.23)
o A (3.24)
where the value of pa/pc used for calcula -----: a, in Equations 1.21 and 3.11
is given by ki i
Y
el
Pa _[Tat \ M (3.25)

b
o KC +K

AUEINEIWEINg
o e TR T M R A R

Equations 3.23 to 3.25, KC and data in Tables 3.1 and 3.3.
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3.2.5.2 Comparison of Observed and Predicted Total Peak Variance

Figures 3.17 and 3.18 show a comparison of observed and predicted values of o, at
fixed Cp over a wide range of Cps and fixed Cpg over a wide range of Cg,
respectively. Each predicted value (solid line) of o,, is the average for a pair of
enantiomers as previously mentioned in Section 3.1.5.1. The observed value of o,

was obtained from measurement of peak width, at base from electropherograms

fixed CD1 concentration and ov 7 1 ations (Figures 3.17
and 3.18), the observed value o higher than the
predicted values. The result igffC §\\\\\§I\ ources, especially
analyte-wall absorption and et : g \‘w\ stem as previously

discussed in Section 3.1.4.2.

ﬂUB?ﬂHﬂiWH’ﬂi
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Figure 3.17 Observed (symbols) and predicted (solid lines) values of total peak

variance (cfot ) for AP, MA, PE, EP and NE enantiomers using dual cyclodextrins at

fixed (a) 8.0 and (b) 10.0 mM Cp with a wide range of Cpg. The predicted value is the
average for each pair of enantiomers obtained from Figures 3.16a and 3.16b,
respectively. The observed value is obtained from each isomer for each run. The black
and blank symbols refer to the first and second run, respectively.
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Figure 3.17 Continued.
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Figure 3.18 Observed (symbols) and predicted (solid lines) values of total peak

variance (o2, ) for AP, MA, PE, EP and NE enantiomers using dual cyclodextrins at

fixed (a) 6.0 and (b) 10.0 mM Cpp with a wide range of Cy. The predicted value is the
average for each pair of enantiomers obtained from Figures 3.16c and 3.16d,
respectively. The observed value is obtained from each isomer for each run. The black
and blank symbols refer to the first and second run, respectively.
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3.2.5.3 Observed and Predicted Peak Efficiency

Figures 3.19 and 3.20 show a comparison of observed and predicted peak efficiency of
each pair at fixed Cp over a wide range of Cpg and fixed Cpp over a wide range of Cg,
respectively. The average value of peak efficiency (N) was calculated using Equation 1.12

and data in Figures 3.17 and 3.18, respectively. The observed N for each pair of

enantiomers is obtained from the same run. At fixed CD1 concentration and over the wide
range of CD2 concentrations, observed values of /¥ were found to be in the range =~ (1.5
t0 2.5) x 10°, except for NE whose N of (: 30 - 40°was observed at fixed 6.0 mM
Cpp over a wide range of Cp. Wi h & inere ‘-‘. ir .éon, the predicted values
of N decreased from 3.6x10° to"2! . “- an prediction is due to
higher than | v' »

the observed o2,

i

U

AULINENTNEINS
ARIANTUNNING Y




89

4+ - - — ) 4
F Apt MA
. I
S |
o 8 3 \‘\\—&\ g 3__\
_—
T A A 3 :
a ,
224 a §2--u2“
2 > N . 3
- |
{
I+ 1+ i

(a) fixed 8.0 mM Cjp over a wide range of Cpp

Figure 3.19 Observed (symbols) and predicted (solid lines) peak efficiency (V) for each
pair of AP, MA, PE, EP and NE enantiomers using dual cyclodextrins at fixed (a) 8.0 and
(b) 10.0 mM Cp with a wide range of Cpg. A and A are the average for two enantiomers
in the first and second run, respectively. A and a are the average for two enantiomers in
the first and second run, respectively.
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(a) fixed 6.0 mM Cpg over a wide range of Cp

Figure 3.20 Observed (symbols) and predicted (solid lines) peak efficiency (V) for each
pair of AP, MA, PE, EP and NE enantiomers using dual cyclodextrins at fixed (a) 6.0 and
(b) 10.0 mM Cpg with a wide range of Cp. A and A are the average for two enantiomers in
the first and second run, respectively. A and a are the average for two enantiomers in the
first and second run, respectively.
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3.2.5.4 Observed and Predicted Enantiomeric Resolution

Figure 3.21 shows a comparison of the values of observed and predicted resolution over a

wide range of CD concentrations. The predicted values of Rs were calculated using
Equation 3.12 and data of Ji, Ap and N in the dual CDs system. Over a wide range of

CD concentrations, the observed and predicted values have the same trend. However,

observed resolution slightly less than prediction was obtained due to observed less than

3.33 and 3.34.
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Figure 3.21 Observed (symbols) and predicted (solid lines) resolution (R;) for each pair
of AP, MA, PE, EP and NE enantiomers using dual cyclodextrins. Observed Rs is the
average for two runs. M: AP, ®: MA, A: PE, #: EP and ¥: NE. Observed and predicted
values of R; are obtained from Equation 3.12 and data from Figures 3.22 and 3.23.
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3.2.6 Suitable Concentrations of Dual CDs for Simultaneous Separation of Several

Pairs of Enantiomers

Figures 3.22 and 3.23 show plots of p for each analyte in dual CDs at fixed Cp over
various Cpg and fixed Cpg over various Cj, respectively, using Equations 3.16 and 3.17
and data in Table 3.1. It is seen that addition of CD2 in BGE containing CD1 affects on a

change in p of each isomer. This may result in overlapping some pairs of analytes.

’ %,tical p for NE enantiomers

From Figure 3.22a, at 10.0 mM B-CD. wit .
is due to its enantioselectivity(&hov@ in&ddition of DM-B-CD

7'and Ap model of Type

resulted in an increase in Ap of
I as shown in Table 3.6, but ¢ itiomers, leading to a
decrease in Ap of EP at Cpp 01 p at Cpg above 3.0
mM. This is in agreement witlfe From Figures 3.14b
and 3.21b, the observed and pred te v ues ff' it an AR ed with an increase in
Cpp. Predicted values of Rs in Figurel 3216 indicate fF ved baseline resolution
(Rs > 1.5) for each pair of enantiomers slm: Jtair = ina Cpp range of 7.0 to 25.0

mM. However, observed values of R b 1.5 were obtained for EP

i .-"'4' Al - ‘ 3
enantiomers at 8.0 and 10. O:TM DM-B-CD, an" foi A enantiomers at Cpg
above 20.0 mM. In additio L’,.--.ne:-:-:---,--:--.-f;-,--— ----- 1gure . , ,\ show overlapped
70 mM and (1R2R)-

migration or co-migration ofB- _
PE:(1R,25)-EP at Cpg above 10. O mM Therefore, achleved baseline resolution was not

obtained for s1mu1taneﬂs ﬂaﬁjo‘fx})w Ej‘ytﬁswﬂﬁiﬂ TM B-CD over

DM-[-CD concentrationig in a range of 0 to 30 0

o A TIASATRAMB AN IR,

enantiomers and overlapped migration of three analytes (S-AP and EP enantiomers). This
agrees with electropherograms in Figure 3.12a. Addition of DM-B-CD in the BGE
containing fixed 8.0 or 10.0 mM B-CD resulted in same trend of a change in Ap and R, of
enantiomers (Figures 3.14 and 3.21a-b). From electropherograms in Figure 3.12a and
resolution in Figure 3.21a, at Cpg of 2.0 and 4.0 mM, overlapped migration or co-

migration was obtained for EP and NE enantiomers. At 6.0 mM Cpg, overlapped
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migration of EP enantiomers was also observed. In addition, overlapped migration or co-
migration of R-AP:(1S,25)-PE at Cpg above 10.0 mM and (1R,2R)-PE:(1R,2S)-EP at Cobg
above 15.0 mM. Therefore, addition of 8.0 mM DM-B-CD in the BGE containing fixed
8.0 mM B-CD gave simultaneous separation of all test analytes with achieved baseline

resolution (R > 1.5), except for EP enantiomers having Rs = 1.36.

From Figures 3.13b, 3.21d and 3.23a, at 10.0 mM DM-B-CD without B-CD, R; slightly

Rs of these pairs. Worse resoluti
AP:(1S,25)-PE at Cp above 10.
B-CD in the BGE containing

all test analytes with achieved

It can be concluded fr ¢ om 3’ B-CD and 6.0
mM DM-B-CD was fi mna WS 1rﬂﬂﬁ test analytes
while a smgle CD of 10.0 m ave nd separation of*NE enantiomer$‘and
oot L GO 420 DR ke e o
DM-B-CD gave partlal separation of; (1R,2R)-PE:(1R,2S)-EP, (1S,2R)-EP:S-AP and S-
AP:R-AP enantiomers.
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