CHAPTER IV

RESULTS AND DISCUSSION

4.1 Gas chromatographic separation of phenoxy acid methyl esters

Enantioseparation ofophenoxy acid m ethyl!l esters on A SiM e and
°C °C

G SiM e colum ns was perform ed isotherm ally in the range of70-220 w o ith 10
increm ents. E ach analyte was injected at leastin duplicate w ith a splitratio o f 100.
From the chrom atographic results, the retention factors (k') and enantioselectivities (a)
ofanalytes at each operating tem perature could be obtained. Since the physical
properties of analytes, such as boiling pointand vapor pressure, are substantially
varied, inform ation from retention factors and enantioselectivities at specific
tem perature could notbe directly com pared Therefore, therm odynam ic param eters
obtained over a tem perature range w ill be investigated to provide better understanding
abowutthe interactions betw een the analytes and gas chrom atographic stationary phases

[227].

4.2 Thermodynamic investigation

Therm odynam ic param eters responsible for the analyte-stationary
phase interactions and enantioseparation were achieved through van'tH offplotof

In k' versus 1/T . A Il analytes provided linear relationship betw een In k'"versus 1/T

w ith the correlation coefficient (R 2) greater than 0.9990. The enthalpy (A H ) and
entropy (A S) changes foreach enantiom er could be calculated from the slope and
y-intercept, respectively W hen the enantiom eric pairs w ere separated, the enthalpy
and entropy differences (A AH and AAS) could be determ ined from the relationship
betw een In a and 1/T Theoretically, In a versus 1/T plots should be linear; however,
the curvatures were observed in the tem perature range exam ined form any analytes
This indicated thatthe change in tem perature m ightbe an im portant factor to a change

in the interaction m echanism betw een analytes and the stationary phase. A lternatively,

the AAH and AAS values could be calculated from the difference in AH and AS values
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o ftw o enantiom ers derived from van'tH offplot. Therefore, the AAH and AAS values

in this research w ere acquired through the difference in AH and AS values

4.2.1 Enthalpy change (-AH) and entropy change (-AS)

The enthalpy change (-A H ) indicates the strength of interaction
betw een an analyte and a stationary phase: the larger the value (m ore negative value),
the stronger the interaction. W hile the entropy change (-A S) signifies the loss of
degree of freedom associated w ith the interaction betw een an analyte and a stationary

phase.

T he enthalpy(-AHZ)andentropy(-ASZ)Changesnflhemore retained
enantiom ers of all phenoxy acid m ethyl esters on A SiM e and G SiM e colum ns were
show n in Figures 4.1-4.2 On A SiM e column n, all analytes exhibited sim iIar-AH2
values of 15.25 1 .51 kcallm ol. T his indicated thatthey all interacted w ith the
stationary phase in a sim ilar w ay and the m ajor contribution tow ards the interaction
on this phase w ould probably com e from phenyl and ester groups of analytes 0 n
G SiM e colum n‘al\analylesexhiblledsimilar-AHZvaIuesoilA‘aat 1.09 kcallm ol.
Previous study by Rodthongkum reported the -A H 2values of 14.94 + 0.95 kcallm ol
on B SiM e colum n [23]. Itwas noticed that the average strength of interaction betw een
analytes and stationary phases slightly decreased from A SiM e > B SiM e > G SiM e, as

the CD ring increased Sim ilar trend w as observed for the entropy values.

A\Ihuughlhe-AHZvaIues(aswe\las-A52values)ofanalylesnn each
colum n were sim ilar, sm all trend could be observed form ono-substituted phenoxy
acid m ethyl esters. T he interaction strength ofpositional isom ers on A SiM ¢ anid

B SiM e were generally in the order ofpara'>meta'> OrthO'isom ers. T his suggested

thatpara-isom ers m ay have appropriate conform ation to form a m

re stable com plex

w ith A SiM ¢ and B SiM e phases. H ow ever, the -A H 2 values on G SiM e w ere in the

oo o Meta- >para- - ortho-isomers.
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4.2.2 Enthalpy difference (-AAH) and entropy difference (-AAS)

In this research, m ethyl 2-phenoxypropanoate (1) w as regarded as a
reference analyte. The influence oftype, number and position of substituent on
enantioseparation w as system atically explored and discussed throwugh the
therm odynam ic values. A dditionally, therm odynam ic values responsible for
enantioseparation obtained from A SiM e and G SiM e colum ns w ill be com pared to

those previously attained from B SiM e colummnn [23].

The -AAH and -A A S values studied in this research calculated from
the difference in AH and AS of enantiom eric pairs through van'tH offplotof In k°*
versus 1/T . The -AAH and -A A S values ofophenoxy acid m ethyl ester enantiom ers on
A SiM ¢ and 6 SiM e colum ns were displayed in Figures 4.3-4.4. W hile the reference
analyte (1) could notbe enantioseparated on both A SiM e and G SiM e, substitution on
the arom atic ring of analyte has significanteffect on enantioseparation. A SiM e could

separate larger num ber ofphenoxy acid methyl esters w ith better degree of

enantioseparation than G SiM e. From Figures 4.3-4.4, -AAS values ofanalytes on

both colum ns displayed sim ilar trend as theircorresponding -A A H values; therefore,
the enantioseparation on both colum ns will be discussed through -A A H values only.
Since the -A A H values of all analytes were significantly different depending on the

analyte structures (i.e. type, position, and num ber ofsubstituents), detailed discussion

oftherm odynamic value w ill be classified into three groups according to the sim ilarity

o f analyte structure.
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Group L Phenoxy acid methyl esters with mono-substitution on the aromatic ring

/lO &

R acem ic phenoxy acid m ethyl esters in group 1 are m ethyl 2-
phenoxypropanoate derivatives w ith m ono-substitution on the arom atic ring as shown
above Enthalpy differences (-A A H values), representing the enantioseparation of
phenoxy acid m ethyl esters in growup 1 on A SiM ¢ and G SiM e columns are com pared

in Figure 4.5

O n A SiM e columnn, considering the effect of substituent position of

as found thatmeta-substituted phenoxy acid m ethyl esters tended to give

o
o

<
=

high -A AH values. Unfortunately, m ethoxy- and nitro-substituted analytes atm eta-

0 sition (30Meand 3N 0 2)gave no enantioseparation on this column A lthowugh,

p
m ostort/zo-substituted phenoxy acid m ethyl esters showed low -A A H values, all
analyteswithorIIZO-substitutioncouldbe enantioseparated \nterestingly‘ZCFShas

highest -A AH value among all three trifluorom ethyl-substituted phenoxy acid m ethy!l

sters. T he relationships between In a versus 1/T ofthree trifluorom ethyl-substituted

sters are shownn in Figure 4.6.Itis cIearthatZCthas higher enantioselectivity (a) at

all tem peratures Additinnally‘ZCFSAIso showed the highest slope, indicating that the

enantioseparation of2CF3c0u\d be sim pl im proved w ith a slight decrease in

0 0
tem perature Theseparatlons0f2CF33CF3’and4CF3aI110 Cand 100 Cwere

show n in Figure 4.7
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Figurezls Chrom atogram s of (a) SMeand (b) SOMEOH A SiM e colum n at 110 OC.

W hen the size ofcyclodextrin

rin g

becam e larger as in G

im

e, the

enantioseparation ofanalytes w as varied Form ostofesters in group 1’-A A H values

obtained from G SiM e colum n were lower than

4.5). Som e exceptions w ere observed GSiMecqudseparateenanliomersofSOMe

and

separated by either ASiM e or G S iM e

those from A SiM e colum

n

(Figure

CFSthatcuuld notbe separated by A SiM e Nonetheless‘gN 0 2c0u|d notbe
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It can be clearly seen thatoposition of substituenthas a strong im pacton
enantioseparation on G SiM e colum n, as m ostofmem -substituted esters cowuld be
separated, except for 3NC>2. Even though the type of s substituentdid notm vuvech affect
the -AAH values ofmem -substituted esters, it also played a role tow ards
enantioseparation as all three isom ers ofonly trifluorom ethyl- and cyano-substituted

phenoxy acid m ethyl esters could be enantioseparated on G SiM ¢ column

The enantioseparation abilities of A SiM e and G SiM ¢ tow ards three

halogen-substituted phenoxy acid m ethyl esters almeta-posilion woere com pared at

120 ¢ (Figure 4.9). Itcan be seen thatA SiM e gave better enantioselectivities at

low er analysis tim e than G SiM e for all three esters. From the relationships betw een
Ina versus 1/T ofthree halogen-substituted esters (Figure 4.10), itwas clear that all
three analytes showed higher enantioselectivities at all tem peratures exam ined and
ex hibited higher slope on A SiM e than on G SiM e. 0O verall, ASiM e w ould be a m ore

suitable stationary phase for the enantioseparation ofm ono-substituted phenoxy acid

m ethyl esters than G SiM e. The results obtained from A SiM e and G SiM e w ere

different from those obtained from B SiM e [23] as B SiM e could separate al

enantiom ers of esters in grouyp 1 w ith high A A H values tow ard m ostofpara

substituted esters
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Group 2: Phenoxy acid methyl esters with di-substitution on the aromatic ring

o

Racem ic phenoxy acid m ethyl esters in groupZare moethyl 2-

phenoxypropanoate derivatives w ith difluoro-, dichloro-, and dim ethyl-substitutions
on the arom atic ring as showwn above. The -A A H values representing the
enantioseparation of di-substituted phenoxy acid m ethyl esters on A SiM ¢ and G SiM e

colum ns were illustrated in Figure 4.11 It still can be seen that A S iM e exhibited

better chiral recogmnition tow ards di-substituted esters than G SiM e

For di-substituted phenoxy acid m ethyl esters, the position of
substituent on the arom atic ring still played a key role on enantioseparation as
phenoxy acid m ethyl esters w ith substituents at 3 ,5-position (m eta-position) showed
high -A AH values (Figure 4.11). These results correspond w ith those obtained from
grouplthatmela-suhst\lulwon enhanced enantioseparation A m ong all phenoxy acid
m oethyl esters studied in this researnh,3’509avehighesl-AAH value on A SiM e. The
separations of four dichloro-substituted phenoxy acid methyl esters, w ith m eta-
substitution, on A SiM e and G SiM e were com pared in Figure 4.12. However, none of
all 2,6 -substituted analytes could be separated on A SiM e, BSiM e or G SiM e, except
for sm aH-sizedsuhstituent2,6FthatcnuIdheseparatedonBSiMeculumn This
suggested that steric position hindered the interaction betw een analytes and
cyclodextrin derivative and, thus, no enantioseparation w as observed

Considering the effect of type of substitution, a trend could be
observed on both colum ns, butmore clearly on A SiM e column The -AAH values of
3,5 -substituted analytes have a tendency to increase in the order ofM ¢ < F < C1 on
A SiM e and M e < F ~ C1l on G SiM e. In contrary, fluoro-substituted analytes seem ed to

prom ote enantioseparation on B SiM e colum n [23].
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Group3:0lherphenoxyacidmelhyleslerswilhsuhslilutiun on the arom atic ring
F (0} Cl (o) F O
0)
S 9 4 e sl ¢ )
F F Cl Cl F F
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Enantiom eric separation ufreference].andesxers in groupSUnlhree
chiral colum ns were compared (Figure 4.13). W hile A SiM e could not separate
enantiom ers of unsubstituted (1)urpenla-subsliluled (pentaF)eslers‘ it could
separaleenanliomersuf2,4’6Fand2,4’60.Unfurlunately‘GSiMenuuldnolresolve
enantiom ers of all four analytes. T his indicated the im portance ofthe size of
cyclodextrin ring For BSiM e, itcould separate enantiom ersnf1,2,4,6F,andpentaF’
bulnnl2,4,60[23].IlisinleresllngIo see thatan addition ofone m ore substituent at
para-posilion as in 2,4’6Fand 2,4,60(c0m pared to 2’6Fand 2’60 in group 2)c0u|d

introduce the enantioseparation on sm all-sized cyclodextrin derivative, A SiM e.
U nfortunately, other tri-, tetra- and penta-substituted analytes and their isom ers are
notavailable; thus, a comm on trend on the effect ofnum ber ofarom atic-substituent

on enantioseparation cowuld notbe proposed.
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Figure 4.13 Enthalpy differences o f 1’ 2,4’6F’ 2,4,60’ and pentaFu noASiM e,

B SiM e, and G SiM e colum ns.
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