2.1 Gas chromatographic separation of enantiomers

Since the pioneer work ofGil-Av, Feibush and Charles-Sigler in 1966,
the rapid advances in the developmentand comprehending ofenantiomeric
interactions and separations have made many analytical techniques. A m ong them & gas
chromatography (G C) has been proven as the reliable and accurate analytical
technique for separation and quantitation of volatile and thermally stable enantiomers.
D ue to the high efficiency, sensitivity, reproducibility and speed of separation of
capillary 6 C, contaminants and im purities can be separated from the analytes and the

sim ultaneous analysis ofmulti-comoponentmixtures can also be possible in one

analytical run. Thus, capillary 6 C has become the ideal choice for the analysis of
enantiomers in comoplicated matrices from environmental, biological, agricultural,
food, and essential oil samples [13-15].

Separation ofenantiomers by capillary 6 C can be performed in two
approaches: indirect and direct. The indirect approach involves the conversion of

enantiomers into diastereomers by complete chemical reaction with a chiral

derivatizing agent and subsequent separation of diastereomers on achiral stationary

phase. Disadvantages ofthis method include the requirementofactive functional

group and high purity of chiral reagent. Furthermore discrimination m ay occur as a

result of incomoplete recovery, decomoposition or losses during work-up, isolation and
sample handling. On the other hand, the direct approach relies on utilizing chiral
selector as a stationary phase, which is coated as a thin film on a capillary wall,

generating transient diastereomeric intermediates w ith analytes [13-16]. THhis

approach requires no samople derivatization



A m ong several classes of chiral selectors, cyclodextrins (CD s) and
their derivatives were the most freqguently used selectors to separate a large variety of

chiral molecules with different geometries and functionalities.

2.2 Cyclodextrins and derivatives as gas chromatographic stationary phases

Cyclodextrins are cyclic oligosaccharides produced through
degradation of starch by the cyclodextrin glucanotransferase (C G Tase) enzyme T he
mostcommonly used CDs comoposed of six, seven and eight D -glucose units linked
by a-Il,4-glycosidic bond; referred to as a-, (3-and y-CDs respectively. Some

properties ofthree CD s are summarized in Table 2.1 [17, 20],

Tab|621 Some properties of a-, P- and y-CDs

number of glucopyranose units 6 7 8
number of chiral centers 30 35 40
anhydrous molecular weight (g/mol) 972.85 1134.99 1297.14
internal diameter (A) 49 NS5 3 6.0-6.5 7.5-8.3
cavity depth (A) 7.9 7.9 7.9
cavity volume (A )3 174 262 421
water solubility (¢g/100 m<L, 25 c) 14.50 1.85 23.20
decomoposition temperature (°C) 278 299 267
N ative CD s are crystalline, homogeneous and non-hygroscopic
substances w hich are torus-like macromolecules The CD ring consists of the

glucopyranose unitin chairconformation (Figure 2.1a) Every glucopyranose unitof

CD ring has three free hydroxyl groups (-0H ), two ofwhich are secondary hydroxyls

and the rest is primary hydroxyl The secondary hydroxyl groups of C2 and C3 atoms

ofeach glucose unitare atthe larger rim of CD . The primary hydroxyl groups of C¥6

atoms are located atthe base or narrow edge ofthe torus (Figure 2.1b). CD s thus have

relatively hydrophobic property inside the cavity and relatively hydrophilic character

on the rim of the cavity. Due to their unique properties, CD molecules can easily form



inclusion com plexes with a wide variety of analyte molecules. This comoplex-forming

ability is an important characteristic for their applications [17-20]

H
0 secondary hydroxyl

OH

6.-OH

primary hydroxyl

Figure 2.1 (a) Structure ofa cyclodextrin molecule with glucose unit; (b) Side

view ofcyclodextrin show ing primary hydroxyls on a narrow rim and

secondary hydroxyls on a larger rim of a ring

The three hydroxyl groups ofeach glucopyranose unitin CD ring can

be modified through substituting w ith various functional groups. Several modified

CDs have been used successfully for chiral separation in G C Generally, the C 2 and

C3 positions of glucopyranose unitare modified with small alkyl or acyl groups to

affect the enantioselectivities, whereas the substituents at the non-chiral C6 position

are the longer alkyl or bulky groups to increase their solubilities in polysiloxane.

The high crystallinity and insolubility ofunderivatized CD s in m ost

organic solvents have made them unsuvitable to coatonto G C column; therefore,

functionalized C D s thatcan form viscous oils atthe operating tem perature were

generated. However, some viscous CD derivatives cannotproduce homogeneous film

coating or canmnotbe used athigh operating temperature otherwise colummn lifetime

and colummn efficiency may decrease Thus, dilution of derivatized C D s in

polysiloxane is em ployed for G C analysis to improve the temperature stability and to



obtain high efficiency over a broad operating tem perature range The dilution ofC D s

derivatives is now adays em ployed routinely and widely uvsed in G C [7, 13-16,21-271].

Schlenketal.[zs]firsllyreportedtheuseofCD derivatives in G C
separation in 1962. T he acetate, propionate, butyrate and valerate derivatives of [3-
CD s were used to separate the homologues of fatty alcohols, fatty esters, m ethyl
esters, olefins, aldehyde esters and aldehydes. The resuvltshowed thatthe type of
substituent ofderivatized C D s play the im portantorole on the polarity and heat
stability ofthe stationary phases The valerate m odified (3-CD offered the best
resolution w hile the acetate m odified P-C D showed the poorestresolution for the

analytes

Schurig [14] dissolved solid perm ethylated p-C D in m oderately polar
polysiloxane (O V -12701) and em ployed for gas chrom atographic separation of 17
chiral analytes of different classes. T he results still provide reasonable
enantioselectivities, sym m etric peak shape and stable baseline over the operating
tem perature range (70-150 °C ). These indicate thatopolysiloxanes help to overcom e
the problem s of degradation and non-hom ogeneous film coating of derivatized C D s,

w hile m aintaining high separation efficiency.

2.3 Parameters influencing the enantiomeric separations

W hile the form ation of transient diastereom eric interm ediate occurs
during the directenantiom eric separation of G C , the recognition process m ay involve
w ith various forces such as hydrogen bonding, dispersion forces, dipole-dipole
interactions and other forces [18]. The three hydroxyl groups of glucose unitof CD
ring can easily be substituted w ith sim ilar or differentgroups thatcan introduce or
change the type of interactions associated betw een analyte and CD The increase
d ifferential interaction betw een each enantiom er and stationary phase; thus, enhance
the enantiom er resolution. Previous research had reported thatthere are several factors
affecting the enantiom eric separation using CD derivatives as chiral selectors such as

CD ring size, substitution pattern on the CD rings, concentration of C D s in
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Some studies on enantiom eric separation by gas chrom atography using

erivatives as chiral stationary phases (C SPs) are summ arized as

N e etal. [30] separated enantiom ers ofam ines, alcohols, diols,

ds, am ino acids, epoxides, halohydrocarbons and ketones by 6 C usin

9

ed-(3-CDs as CSPs: heptakis(2,6-di-0-nonyl-3-(9-trifluoroacetyl)-P-C

eptakis(2,6-di-0-dodecyl-3-(9 - -trifluoroacetyl)-P-CD (D DTHBTCD ) and

i-0-penty!l-3-(3-trifluoroacetyl)-p-CD (D PTBCD ). The results showed

can separate various types ofenantiom ers as broad as D PTB CD ;
however, DNTBCD showed superior enantioselectivities for analytes studied

A nderson etal.[31}separatedseventeenchiralsuliuxidesandeight

e esters by G C on four types of CD derivatives com posing of 2,6-di-0

luoroacetyl-y-CD (G -TA ); 2 ,6-di-0-pentyl-3-0-propionyl-y-CD

i-0-pentyl-3-0-butyryl-y-cD (G -BP) and 2,6-di-0m ethyl-P-C D

derivatized-y-CD and B -D M showed different enantioselectivity

rivatized-y-C D stationary phases, 6 -T A exhibited superior
enantioselectivity form ost sulfoxides and sulfm ate esters. T he results dem onstrated

nd polarity/electronegativity of sulfoxide substituents had affected on
their enantioselectivities as w ell as the size and substituentopattern of all CD

oreover, 6 -T A and B -D M CSPs commonly provide opposite elution

order appears to be a function of both the size of C D s and the

n CD s.

Chen etal.[32]examinedlheinfluence o f substituents in the C 6

s. T hree different acyl groups (valeryl, heptanoyl, and octanoyl) were

position of CD

sub stituted at

the C6 position of 2,3 -di-0 -pentyl-P-cyclodextrin, respectively The

D
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chrom atographic properties ofthese CD s as capillary 6 C stationary phases w ere also
investigated. The result showed thatthe carbon chain length ofacyl groups atthe C6
position of C D s had many im portanteffects on the enantioseparation of C D s. A m ong
CD derivatives studied, 2,3 -di-0-pentyl-6-0-valeryl-P -cyclodextrin exhibited the best
enantioselectivity to 15 pairs ofenantiom eric analytes. M oreover, results obtained on
CD s w ith acyl groups atthe C6 position were com pared to those obtained on CD s

w ith acyl groups atthe C3 position [33]. B oth types of CD derivatives possess
enantioselectivity for som e chiral com pounds studied. Butmore baseline separations
w ere obtained on CD s w ith acyl groups atthe C3 position. H owever, the

enantioseparation depends on the structure and property of analytes as w ell.

Skﬁrkaetal. [34] investigated both the influence ofthe size of CD s
and the structure ofm onoterpenoids on enantioseparation. [twas found that
enantioseparation ofm onoterpenes by a- and p-CD s resulted from the form ation of
1:2 stoichiom etric com plexes Furtherm ore, therm odynam ic data (enthalpy, entropy
and free energy ofthe com plexation process) from both a- and P-CD s displayed

higher values for bicyclic than for m onocyclic m onoterpenoids

The introduction of tert-butyldim ethylsilyl (TBDM S) group atthe CE6
position of C D s derivatives notonly im proves their solubility in polysiloxanes but
also im pacts on the conform ation of CD s tow ard blocking ofthe sm all rim o f CD
cavity thalcangreatlyaffectenantioselect\vwliesasweII‘The6'0'tert'

butyldim ethylsilyl substituted C D s have been w idely used as CSPs for 6 C [21, 23,

Shitangkoon and V igh [21] studied the influence of the size of
substituents at C 6 position of C D s on the enantioselectivities ofvarious chiral test
com pounds from differentchem ical classes. H eptakis(2,3-di-0-m ethyl) derivatives of
p-cyclodextrin w ith various size of6-0 -substituents (including deoxy-fluoro, methyl,
«-pentyl, «-propyldim ethylsilyl, tert-butyldim ethylsilyl, and triisopropylsilyl) were
prepared and then dissolved in 0V -1701 to form wuseful gas chrom atographic

stationary phases. The result showed thatall phases could operate attem perature as
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high as 250 °c, the low er operating tem perature decreased greatly as the size of
substituent increased. M oreover, the solubility of C D s in polysiloxane (0 V -1701) also
increased as the size of substituent increased A m ong all the substituents at C 6
position of C D s, tert-butyldim ethylsilyl group showed the bestenantioselectivity for

m ostofthe testcompounds.

Takahisa and Engel [24,25] investigated the influence ofthe size of
CD s on the enantioseparation ofvarious flavorcom pounds from differentchem ical
classes. T he heptakis(2,3-di-0-m ethoxym ethyIl-6-0-ter/-butyldim ethylsilyl)-[3-C D (or
2.3- M OM -6-TBDM S-P-CD )and octakis(2,3-di-0-m ethoxymethyl-6-(3-/ely-
butyldim ethylsilyl)-y-cD (or 2,3-M 0OM -6-TBDM S-y-CD )were emoployed as CSPs for
G C analysis. Itwas observed that 2 ,3-M 0OM -6-TBDM S§-y-CD could resolve a very
broad spectrum of volatiles com prising various functional groups w hile the 2,3-
M 0OM -6-TBDM S-p-CD showed better enantioselectivity tow ards several classes of
com pounds, except for secondary alcohols. Considering the resuvltobtained from the
enantioseparation ofhomologous series ofesters ofsecondary alcohols that varying in
chain length ofacyl m oieties (from acetate to hexanoate), the separation factor
obtained from both phases decreased as the length of side chain increased. H ow ever,
2.3- M OM -6-TBDM S-y-CD showed the higher separation factor for butanoates and
hexanoates than 2,3-M OM -6-TBDM S"P-CD . The result showed thatmnotonly analyte
structures sigmnificantly effect to the enantioseparation butalso the size of C D s plays

also the im portantorole on the enantioseparation.

2.4 Enantiomeric separation of phenoxy acids by derivatized cyclodextrins

D erivatized cyclodextrins have been used extensively as chiral
selectors for enantiom eric analyses in chrom atographic and electrophoretic technigues
for different fields of research such as essential oils, fragrances, alcoholic beverages,
terpenoids, pharm aceutical, pesticides and herbicides [19] Separation o f chiral
phenoxy herbicides were m ostly perform ed by capillary electrophoresis (C E ) and high

perform ance liguid chrom atography (HPLC) using derivatized C D s as the chiral
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selectors [6, 36 -40]. Research related to enantiom eric analysis ofophenoxy herbicides

are as follow ed:

Schmittetal.[ﬁ]separaledfourgroupsofchiralpeslicide enantiom ers:
organophosphorus, DD T congeners, phenoxy acid methyl esters and m etolachIlor
(Figure 2.2) using m icellar electrokinetic chrom atography (M EK C ). Each of six CD s
(a-CD ,P-CD,y-CD,hydroxypropyl-P-CD , dim ethyl-p-CD and trim ethyIl-P-C D ) w as

then added to the borate-sodium dodecy !l sulfate buffer w ith and w ithowut organic

E]

difier, to separate these pesticides and their enantiom ers. T he enantiomers of

E]

lathion, ruelene and dialifos w ere separated by hydroxypropyl-P-CD , P-CD ory-

C D, while the enantiom ers ofisofenfos and fenam ifos could notbe separated The y-

CD with m ethanol m odifier allowed the baseline separation o fthe three phenoxy acid

m ethyl esters, the enantiom ers of fenoprop methyl ester and three enantiom ers of

El

tolachlor, w hile y-CD w ith acetonitrile m odifier show ed excellentseparation of six

D DT congeners and their enantiom ers However, none ofthe CD s separated the

enantiom ers ofm ecoprop and dichlorprop m ethyl esters. T hese results indicated that

type of CD s, types oforganic m odifiers and stm cture of analytes play im portantroles

in enantiom eric separation ofpesticides investigated
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Zerbinatietal.[Sﬁ] investigated eightCD s, namely a-C D ; (3-CD;y-

cCD;methyl-P-CD s; hydroxypropyl-p-CDs; Co-capped-P-CD ; ethylcarbonate-P-C D

and ethylec

reso lution

A m ong ei

reso lution

racem ates

arbonate-y-CD as chiralresolving agents in capillary zone electrophoretic

o fthe racem ic dichlorprop (or 2-(2"'4"'-dichlorophenoxy)propionic acid).

ght CD s investigated, ethylcarbonate-P-CD provided the bestenantiom eric

,w hile native P-CD and Co6-capped-P-CD gave no resolution of the

A lthouwugh, com plexation constants ofderivatized p-C D s were found to be

low er than thatofthe native P-CD s, efficientresolution was possible due to the large

relative difference betw een the com plexation constants of tw o enantiom ers.

acid herbi

capillary

and y-C0D

hydroxyls

M iura etal.[SY]studiedmulualandch\ra\separalionsolninephenoxy
cides (Figure 2.3) including seven pairs ofophenoxy acid enantiom ers, by
zone electrophoresis (C ZE ) using native and selectively m ethylated a-, p-
derivatives as additives. T he selective m éthylation ofthe secondary

ofthe CD s pronounced rem arkable selectivity changes for the phenoxy

acid herbicides. For the chiral separation of seven racem ic phenoxy acid herbicides,

unm odified and m ethylated-a-C D s exhibited higher enantioselectivities than the p-

and y-CD

high enan

phenoxy

notresolv

could be

additives H exakis(2,3-di-0-m ethyl)-a-CD (or2,3-D M -a-C D ) exhibited

tioselectivity at 10 m M forall seven pairs ofphenoxy acids. For the nine

acids, a-C D at 5 m M produced com plete separation of analytes, butocould

e all pairs ofenantiomers. The sim ultaneowus (chiral and m uvtual) separation

im proved by m ixing a-C D w ith 2,3-D M -a-C oD
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Flgure2.3 Structures ofnine phenoxy acid herbicides studied by M ivra etal

Later, Tsunoi etal [38] investigated the sim ultaneous (chiral and
m utual) separation ofnine phenoxy acid herbicides including seven pairs ofphenoxy

acid enantiomers by CE uwusing CD s w ith negatively charged sulfonyl group as

dditive The introduction ofa sulfopropyl or a sulfonyl group to the neutral CD s
produced a decrease in the enantioselectivities for the seven racem ic phenoxy acid
herbicides The dual CD system using 5 m M of2,3-DM -a-CD and 2.5 m M o f
sulfonyl propylether-a-C D as the separation additive in CE provided the first

com plete sim ultaneovus separation ofnine phenoxy acid herbicides used in this study

Mart\n-Bioscaetal. [39] studied the enantiom eric resolution of six
chiral phenoxy acid herbicides (Figure 2.4) by electrokinetic chrom atography using
cyclodextrin as chiral pseudophase (CD -EKC ). V arious chiral selectors such as native,
neutral and charged CD s were optim ized under several experim ental conditions.

A m ong several cyclodextrins tested, (2-hydroxy)propyl (3-cyclodextrin (HP-(3-C D)
had dem onstrated to be the m ostapopropriate chiral selector for baseline resolution of
the enantiomers ofphenoxy acids studied. A m ong six chiral analytes, four of them
(2-PPA ,3-CPPA 4&-CPPA  and 2,4-DCPPA ) were enantioseparated by HP-(3-CD . In

addition, the influence of the chiral selector concentration, background electrolyte, pH
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andlemperalurehasheenstudied.ltwasfoundlha115rnM HP-P-COD in 50mM
5...40°

am m onium form ate atopH and Cwasasuilablecondilionforhasel\neseparation

o f fourphenoxy acids. Furtherm ore, separation ofm ulticom ponentm ixtures w as also

possible.

e ot o

Cl
2-PPA Q 3-CPPA - 4-CPPA
a 0 CH, 0
O 0 Cl O
OH OH OH
a cl cl cl
24-DCPPA 4-CPMPA 2,45-TCPPA

Flgure2-4 Structures of six herbicides studied by M artin-B iosca etal.

D arrowuzain etal.[AO]investigaledlherelenlionandcomplexalion
m echanism s ofphenoxypropionic acid (PPA ) herbicide series by reversed phase high
perform ance liguid c¢chrom atography using hydroxyl-propyl-P-CD (HP-P-CD ) as
m obile phase additive. T he effects oforganic contentand the H P -P-C D concentration
in m obile phase were analyzed atvarious colummn tem peratures Itw as show n that the
retention m echanism was led by free PPA atlow HP-P-CD concentration and by
PPAJIHP-P-CD complex athigh concentration. In addition, therm odynam ic results
dem onstrated that solute retention depends on the organic contentin the m obile phase

and the PPAJH P-P-CD complexation mechanism w as an entropically comntrolled

process.

Phenoxy herbicides were w idely produced to the m arketas the
racem ates in tw o form s; the acid form and the ester form . T he acid form s ofphenoxy
herbicides have high polarity,; therefore, they w ere vusually derivatized into less polar
form before 6 C analyses [41, 42]. Previously, there are only a few investigations on

enantiom eric separations ofophenoxy herbicides by 6 C technigue. Som e studies
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related to enantiom er separation ofphenoxy herbicides by 6 C using CD derivative as
chiral selector were discussed below

w eberetal.ﬂ]investigatedIheinf\uenceofaromaticsubsliluentson
the enantioseparation ofchiral phenoxypropionates by GG C wusing perm ethylated (3-C0D
as a CSP . The enantioselectivities and separation efficiency tend to decrease by three
fold from m ecoprop-methyl and dichlorprop-m ethyl to fenoprop-m ethyl,
dem onstrating thattype, position and num ber ofarom atic substituents play im portant
roles on the enantioselective separation ofphenoxypropionate analytes.

K onig etal.[Zg]separatedenantiomersoflhreephenoxyacid
herbicides (m ecoprop, dichlorprop and fenoprop) by 6 C w ith electron capture
detection (G C-ECD ) em ploying three m odified cyclodextrins as chiral stationary
phases. T he excellentenantioseparations tow ard three esters w ere obtained w ith
colum ns containing a 1:1 m ixture of liguid per-0 -pentylated and solid per-0
m ethylated-P -C D This columnn can only be used above 100 ¢, below this
tem perature per-0 -m ethylated'P -C D seem s to crystallize and only broad peaks are
obtained. Enantiom ers ofthe m ethyl esters ofm ecoprop and dichlorprop w ere also
resolved on octakis(3-0-butyryl-2,6-di-0-pentyl)-y-cyclodextrin. 0 n this phase, the
reversal of elution order was observed.

Rodthongkum [23] firstly reported the system atic studies of
enantiom eric separation of forty-six phenoxy acid m ethyl esters w ith different type,
position and num ber ofsubstitution by capillary G C Heptakis(2 ,3-di-<9-m ethyl-6-0-
lert-butyldim ethylsilylIfP -cyclodextrin (B SiM e) and heptakis(2,3-di-0 -acetyl-6-0-
ter/-butyldim ethylsilyl)-P-cyclodextrin (B SiA c¢c) w ere em ployed as chiral selectors.
The result showed thatB SiM e phase exhibited higher degree ofenantioseparation
tow ards m ost analytes than B S iA ¢ phase H owever, the type, position and num ber of
substituent on the arom atic ring of analyte strongly influence enantioseparation on
both colum ns. Furtherm ore, the type of s substituenton cyclodextrin m olecule (B SiM e

VS.BSiAc) also affects enantioseparation ofophenoxy acid m ethyl esters as w ell.



A s m entioned previously, the analyte structure and type of CD are the
crucial factors affecting the enantioselectivities; nevertheless, these factors are
difficult to predict and there is a lack ofbasic inform ation from prior o research.
Therefore, system atic investigation o f the relationship betw een analyte structure and
enantioseparation are focused in this research. Therm odynam ic param eters related to

the interactions betw een analytes and stationary phases w ill be investigated as w ell.

2.5 Thermodynamic study of enantiomeric separation by gas chromatography

A lthough the chiral recogmnition m echanism o f chrom atographic
separation using C D s has still been unclear, som e m echanistic aspects can be derived
from therm odynam ic investigations. From the retention behaviors, the therm odynam ic
param eters (e.g enthalpy, entropy, 6 ibbs free energy, etc.) associated w ith the

enantiom ers and C SP can be obtained. 6 eneral it is accepted thatthe direct

-

enantiom eric separation is based on the form ation ofreversible diastereom eric

com plex associated by interm olecular interaction ofenantiom ers w ith a chiral

selector. T his process for the individual enantiom er can be characterized by

therm odynam ic data using the G ibbs-H elm holtz equation [14,22],

In van'tH offapproach [22], the difference in G ibbs free energy, AA G,

is calculated from the separation factor (a) obtained from <chiral separation on a c¢chiral

colum n atgiven tem perature according to equation (1):

w here a is the separation factor or selectivity and is calculated from th e

ratio o fk' o ftw o enantiom ers

k' is the retention factor or capacity factor ofeach enantiom er and

is calculated from so lute retention tim e according to

R is the universal gas constant (1.987 callm ol-K )

T is the absolute tem perature (K )
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1,2 refer arbitrarily to the less and the m ore retained enantiom ers,
respectively
tR is the retention tim e ofan enantiom er or analyte

tM is the tim e for m obile phase or unretained com pound to travel

at the sam e distance as analyte

Com bining equation (1) w ith the G ibbs-H elm holtz relationship,

equation (2), leads to equation (3).

From equation (3), the follow ing equation can be rew ritten

na=-""" 142 (4)

R T R
w here A AH is the difference in enthalpy values for enantiom eric pairs

AAS is the difference in entropy values for enantiom eric pairs

A ccording to equation (4), AAH and AAS could be evaluated from the
slope and y-interceptof the In a vs. 1/T plot. However, the calculations of
therm odynamic param eters from plotof In a versus 1/T are notopossible, as a resultof
curvatures observed. This is due to the nonlinear dependence of selectivity on

concentration of selectors in diluted polysiloxane stationary phase [22],

A lternatively, therm odynamic parameters can be calculated from
retention factors instead of separation factors. Com bination of equations (5) and (6)
results in equation (7), dem onstrating the relationship betw een In k' and 1/T is linear.
Therm odynam ic param eters ofindividual enantiom ers can be obtained from van't
H offplotofiIn k" against 1/T. Subsequently, the differences in enthalpy and entropy

o ftw o enantiom ers can be achieved



«« un 0

2
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R T

w ohere K is the distribution coefficient o fchiral analyte betw een the gas
and the liguid phases

p is a constantocalled phase ratio (the ratio ofm obile phase
volum e to stationary phase volum e)

A H is enthalpy c¢change resulting from the interaction o f the
enantiom er w ith the stationary phase. AH value describes the
degree of the strength of the interaction. T he m ore negative the
A H value, the higher the strength ofthe interaction and the
larger retention in the colum n.

A S is entropy change resulting from the interaction o f the
enantiom er w ith the stationary phase. AS value describes the

degree ofwhich the solute structure influences the interaction.

Therm odynam ic param eters acgquired in this research through van't
H offapproach would bring greater insight aboutthe interaction betw een phenoxy acid
m ethyl ester analytes and CD derivatives. H opefully,  the interpretation o fthe data
obtained from this w ork w ill clarify som e m echanistic know ledge aboutthe influence

o f analyte structure on enantiom eric separation.
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