CHAPTER II

THEORY

2.1 Gas chromatographic separation of enantiomers

Enantiomer separation by gas chromatography (GC) can be attained by

two methods: indirect and direct. ndirect separation, enantiomers are reacted
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linked %ogether by a-1,4-glycosidic bonds (figure 2.1 (a)). Generally, CDs with six,
seven, and eight glucose units, assigned with Greek letters as a-, [3-, and y- CDs,
respectively, are used in analytical applications. The native CD has a shape of
truncated cone having a cavity with primary hydroxyl groups (C6-OH) on its
narrower opening and secondary hydroxyl groups (C2-OH and C3-OH) on the
opposite, wider edge (figure 2.1 (b)). As a result of all hydroxyl groups directing

outwards from the cavity, the outside of the molecule is hydrophilic while the inside



is relatively hydrophobic. Because of their macrocyclic, conical structure and inherent
chirality, CDs (as host molecules) are able to form diastereomeric complexes with a
wide variety of chiral guest molecules. Consequently, CDs have turned out to be very

versatile chiral selectors for enantioseparation [6, 20, 22-24].

polysiloxane, are-pref {0 the ‘mative onesifor tire use as - chiral selectors in

gas-liquid chro :*r physifice the native otmpose instead of melting at
working tempera © | range ( atlz@ CDs that are solids at room

temperature and/or produce non-homogeneous film coatings, they are usually diluted
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Mechanistic aspects of chiral separation

As mentioned above, the enantiomer separation occurs via the
formation of reverstible diastereomeric complexes between the CD derivatives and
each enantiomer of chiral analytes. The enantioselectivity of the separation results
from the different stabilities of these complexes. Nonetheless, the mechanism of

enantiomeric separation thus far has been still ambiguous.



Based on a number of previous publications [7, 10-14, 20, 22-23], CDs
and their derivatives exhibit a wide spectrum of enantioselectivity for enantiomers of
various classes of compounds. This can be attributed to some unique features of CD
molecules: numerous chiral centers and induced fit mechanism. In each glucose unit,
all chiral centers have different orientation and distance from one another; in turn, the
shapes of the glucose units do not repeat themselves from unit to unit. Additionally,
CD shape is changeable to interact closely with guest molecules (induced fit

interactions) [20].

It is propose e%mechanisms are concerned in the
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inclusion of analyte?he Qhol@or with their hydrophobic parts
into the CD cavity, and 1. /--s action of the-analytes with the outside hydrophilic
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The CDring, size and the stbistituents of glucose units at C2, C3, and
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affects anclusion-complexation mechanism of some analytes, which can completely or
partly accommodate in the CD cavity. In addition, the chiral recognition depends on
the types of substituents and their positions on the CD molecules. Normally,
substituents at chiral C2 and C3 positions (mainly alkyl or acyl groups) impact the
enantioselectivity while those at nonchiral C6 position (mostly alkyl or bulky groups)
generally affect polarity, melting point, and solubility in polysiloxane. However, it

has been recently reported that bulky groups (e.g. tert-butyldimethylsilyl) at C6



position have an influence on the conformation of the CD ring, which in turn can

impact on the enantioselectivity [6].

When modified CDs are used as solutions in polysiloxanes, the
concentration of the CD derivatives and the polarity of the polysiloxane solvents
affect the enantioselectivity as well. Ih general, in the usual temperature range of
enantioselective GC, increasing the CD contents in polysiloxanes and/or decreasing

rove enantioselectivity. However, at higher CD
W) level off, and the loss of efficiency of
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are as follows.

Venema et al.

2-substituted alkaﬁs and alkanoic acid ester entyl 3-CD. By varying the
! .
analyte structure,] if-was-conciuded-that-alky length and type of substituent

affected enantioselectivity. Fe o e homologues (C4-C7), the

maximum selectivity v:}lue was observed for 2-bromopentane. Besides, substitution of
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contauﬁ ft]a aﬁim};ﬁa Nﬁiﬁmﬂnﬁ)ﬂg Et hydrophobic

interac%ons. It was assumed that the apolar part of these molecules, alkyl chain and

ester chain, was accommodated in the CD cavity.
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Smith and Simpson [8-9] studied the separations of several chiral
alcohols as well as their acyl and fluoroacyl derivatives on a GC column coated with
octakis(3-O-trifluoroacetyl-2,6-di-O-n-pentyl)-y-CD. The chromatographic results for
underivatized alcohols and their derivatives were rather different. Among two types of
derivatives, only the fluoroacylated derivatives were separated into their enantiomers.
In general, enantioselectivities of fluoroacyl derivatives are higher than those of
underivatized alcohols. In some cases, derivatization caused the reversal of elution
order for some alcohol analyte‘ .t e o reported that the length of the longest

carbon chain attached to the chiral cente : ai've position of hydroxyl and methyl
1 es, and the size of the fluoroacyl

group affected the en derivatized alcohols and their

fluoroacylated derivaii ; vay. F example, among the group of
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o A s oba A B T

Reinhardt et al. [11] separated fluoroalkyl- and fluorobromoalkyl-
substituted benzene. by GC using permethylated CDs as chiral stationary phases. The

of Co unds such as alkyl esters of

results showed that the types and positions of the substituents as well as the size of the
molecules influenced the chiral recognition. For instance, enantioselectivities of some
fluoroalkyl-benzene derivatives decreased with increasing alkyl chain length. The

results also suggested that various interactions, i.e. complete or partial inclusion,



hydrophobic and van der Waals interactions, contributed to the separation of

enantiomers of the analytes.
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2.5 Thermodynamic investigation of enantiomeric separation by gas

chromatography

As mentioned above, even though chiral recognition can be
accomplished by many chromatographic and electrophoretic methods, the complete
separation mechanisms have been still inconclusive. However, some mechanistic
aspects of enantiomeric separation can be derived tentatively from thermodynamic

investigations. Experimental thermodynamic data provide information about

enantioseparation in terms of' \\ c1e / and discrimination of two enantiomers

towards a chiral stationagy phase. Thedc .* are easily accessed from the

s based on fast kinetics and is
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Gibbs-Helmholtz thefmo g (4 AH, and AS) which are different
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relies on the differe

chiral selector whic

Thermodynanu 7 esponsible for enantioseparation by GC
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can be determined+ By : ach, van't Hoff approach, relies
on the direct dete mination of t! ' ers) sing the separation factor

() or retention fac@ (k") ob fferent con&nt temperatures on a single
chiral column. Altemat*vel described by@hung et al. [37-39], the other approach is

based on thﬂiW??Lﬁ%ﬁlwrﬁ’] ﬁ‘ilble from the relative

retention of enantiomers an reference standard on two columns a reference
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2.5.1 van't Hoff approach

By using the separation factor (o) obtained from the
enantiomer separation on a chiral column at a given temperature, the difference in

Gibb's free energy, A(AG), is directly calculated according to equation (1):

-A(AG) = RT-lna = RT- ln(——) (1)

where o lectivity and is calculated from the
ratio
k' actor of each enantiomer. k' is
tM
R n al/mol-K)
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Combining equation ( mholtz relationship, equation (2, leads to

equation (3).

. " _A(AG) = -A(AH) + T-Alas) 2)
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@ where A(AH) is the difference in enthalpy values for enantiomeric pairs

A(AS) s the difference in entropy values for enantiomeric pairs

'y

According to equation (4), the relationship between In o and
1/T should be linear; therefore, A(AH) and A(AS) can be evaluated from the slope and
y-intercept of the plot. However, the calculations of thermodynamic parameters from

van't Hoff plot of In a versus 1/T is not possible, as a result of curvatures observed in
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many cases. This is due to the nonlinear dependence of selectivity on concentration of
selectors in diluted system. Thus, this method is only valid for undiluted chiral

selectors [39].

Otherwise, thermodynamic parameters can be calculated from
retention factors instead of separation factors. Combination of equation (5) and (6)

results in equation (7), which shows that the relationship between In k' and 1/T is

linear. Thermodynamic parameters_of individual enantiomers together with the

differences in enthalpy and e ' w

tiomers can be obtained from van't

)

(6)

(7

";;‘f alyte (selectand) between

0

is g-constant called phv ratio (the ratio of mobile phase volume
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is enthalpy change resultmg from the mteractlon of the
A8 p 1410 (8 0 1134133
m e negative the

AH value, the higher the strength of interaction and the larger the

where K

,retention in the column.
AS is entropy change resulting from the interaction of the enantiomer
with the stationary phase. AS value describes the degree to which

the structure of the solute influences the interaction.
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2.5.2 Schurig approach

This method, introduced by Schurig and co-workers [37-39], is
based on the concept of a retention increment (R’), and thermodynamic parameters

can be calculated according to equation (8).

-A(AG) = RT- 1n[§2) (8)

or chemical capacity factor is a
quantitative measure of the increase in | ion of enantiomer resulted from

interactions between the soluie-and the seleetor(CD in th is case), added to the achiral

©)

where K iral analyte (selectand) and

in achiral solvent.

the retention increment relies on

experimental values of relative" a ion data_of the enantiomers and a

reference standard: *;.;':‘.;'.'.‘;T.'.?‘.;:‘.;v.....-m....-.....‘.7:..‘ reference column containing
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only polysiloxane' -5 a I D in polysiloxane (r). A
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ive retention data is defined
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relationship referring-to the retention increment and re

by

(10)
where r = — = % for chiral column (cyclodextrin in polysiloxane)
t,t P
i ke ’ :
L= = for achiral reference column (only polysiloxane)
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and o are adjusted retention time of chiral analyte and a reference

standard, respectively on the chiral column.
t, , t, are adjusted retention time of chiral analyte and a reference
standard, respectively on the achiral reference column.

k', k" are retention factors of chiral analyte and a reference

standard, respectively on the chiral column.

rs of chiral analyte and a reference
lﬂ the achiral reference column.

/
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By combining equation “and A(AS) are obtainable from

equation (11) by plotti

(1)

Furthermore, applying eq@ati e thermod aic relationship in (5) results in

(12)

(13)

Thus, the thermodynamic.parameters of individual enantiomers can be accessible

o B 1119 W11
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factors, Schurzg approach relies upon the concept of the retention increment. This
concept eliminates the effects of the achiral polysiloxane (use as diluent) which
contribute to the overall retention and interaction, but not the enantioselectivity.
Moreover, the retention increment is linearly related to the concentration of the chiral
selector; thus, the thermodynamic parameters for diluted systems can be obtained

from this method. Nevertheless, n-alkanes used as reference standards are not totally



| | 15

inert. They probably interact with the cyclodextrin selector weakly; consequently, in

some cases thermodynamic parameters cannot be calculated correctly.
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