CHAPTER IV

RESULTS AND DISCUSSION

4.1 Determination of coated column performance

The qualities of the columns prepared in this study were evaluated by
means of Grob test [41-42]. Test chromatograms obtained from OV-1701, BSiMe,
and BSiAc columns are depic ed in | i -4.3 respectively. The test mixtures are

onanal (al), 1-octanol (ol), 2,3-

butanediol (D), 2,6-din
(S), dicyclohexylami

phenol (P), 2-ethylhexanoic acid
acids Cjp — Cy2 (Eqo — Ep2).
These substances Pprovig of ¢ ing nfomnation on column characteristics:
' ue of ester peaks (Ej9 — Ey3),
1 and D) and aldehyde (al),

separation efficienc

inertness observed

P, S, and am).

efficiency (an average TZ vq}ac‘:,&" e of 42.73) vioreover, this column is suitable for the
‘__'_‘,/ & Sl =
quantitative analyses of monoalcoho §:Srptlon of ol. However, D

ap ropriag Considering P and A peaks,
they are rather equivayent which indicateﬁgne neutrality of the column. Nevertheless,

OV-1701 cﬂ’l‘v ajﬁ}%&i %1% aw g ﬁadﬁr% base (am); therefore,

underivatizedéearboxylic acids and amlnes cannot be analyzed on th1s phase.

QR VTR URAIIBAL B e i

(an avarage TZ value of 43.66). No adsorption of ol is observed; however, D and al

monoalcohols and of ae

are moderately adsorbed. Thus, this column is inert to monoalcohols but active to
alcohols with more than one hydroxyl group and aldehydes. Moreover, adsorption of
weak acid (P) and weak base (A) is very low (nearly 100% eluted), and both of them
are virtually equivalent. This means that the column is neutral. Nonetheless, the peaks

of S and am are extremely low; consequently, BSiMe column is unsuitable for the
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separation of underivatized carboxylic acids and amines. Interestingly, D and S,

which are chiral compounds, showed the indication of separation of enantiomers.

For BSiAc column (figure 4.3), the separation efficiency is still high
(an average TZ value of 40.59). Despite neutrality, this column is severely active to
alcohols (ol, D) as well as strong acid (S) and base (am), all peaks of which are absent
or poorly eluted. In turn, BSiAc column is extremely not suitable for the separation of

alcohols, carboxylic acids and amines. Nevertheless, it can be used for the analysis of
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Figuré4.1 Chromatogram of Grob test on OV-1701 column (32.38 m x 0.25 mm i.d.

X 0.25 um film thickness); temperature program: 40 °C to 160 °C at
1.54 °C/min



28
Clo ol E]()

amr

S
- '

' 80 min-

Figure 4.2 Chromatogfanyb{/Gfob-iest-on BSIM n (31.8 m x 0.25 mm i.d. x

0.25 um
1.57 °C/min

orogram: 40 °C to 160 °C at

Cio

J

¢

L

5 min
Figure 4.3 Chromatogram of Grob test on BSiAc column (30.24 m x 0.25 mm i.d. x

0.25 pm film thickness); temperature program: 40 °C to 160 °C at
1.65 °C/min
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4.2 Gas chromatographic separation results

The separation results of all esters with different substitution patterns
are presented in table 4.1, in which the retention and separation factors for each chiral
ester on three columns (OV-1701, BSiMe, and BSiAc columns) are compared at the
same temperature. On account of peak tailing effect, the chromatographic results of
M15-Me, M16-Me, M7-Me, and M7-Et on BSiAc column were not obtainable. All
esters showed higher retention (k) onvthe two chiral columns than on the nonchiral
OV-1701 column. Moreover, all es d be separated into their enantiomers over
a part of temperature }

at least one chiral column used.

ro@oseparation: esters with different

substitution patterns;*€.g. n, .~. of substituent, and type of

substituent, exhibi in retention. and enantioselectivity. For most

Evidently, analyte s

esters, retention f gthening ester chain while

) : e some exceptions for a few
groups of esters, e.g facto of -R, and M20-R on BSiMe phase

increased with incréasi hain Jength W .h\ those of M6-R did not change

much.

AU ININTNEINS
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Table 4.1 Retention factors (k') and separation factors (&) of chiral esters with

different substitution patterns on three different stationary phases

OV-1701 BSiMe BSiAc
compound structure temp.(°C)

k' k'z a- k'z a

P3-Me @/U%/ 43 | 956 | 1.016 | 718 | 1.016

o

P3-Et » 0 3.49 | 1.000 | 1022 | 1.013

P3-nPr , - 5| 1.000 | 17.02 | 1.010
¥

P3-iPr oy iQm_' 63 | 1.000 | 11.55 | 1.011
‘J{:"i.

P3-nBu @/UL PE ND | ND | 2847 | 1.009

P3-nPen | ND | 49.28 | 1.007

P4-Me 120 5.28 6@3 1.024 | 538 | 1.000

Y
j 8.97 | 1.011 | 7.15 | 1.000
Y,

9.68 | 1.038 | 6.55 | 1.000

M6-Et OquA 120 8.50 | 13.05 | 1.040 | 9.04 | 1.000

M15-Me Al 120 055 | 1.06 | 1.030 | ND | ND
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OV-1701 BSiMe BSiAc
compound structure temp.(°C)
k’ k'2 a k'z a
M16-Me ‘“Y"\“’ 120 074 | 177 | 1054 | ND | ND
M11-Me o 120 047 | 0.87 | 1.156 | 0.93 | 1.077
M11-Et o 0 ﬁ— 110 | 1.089 | 0.98 | 1.000
M12-Me A 49 | 1.078 | 0.74 | 1.295
MI12-Et i LB 5 | 1.043 | 073 | 1.101
44
M17-Me 20040 0234 1 052 | 1.088 | 0.72 | 1.087
P2-Me 4367 1021 | 1.067 | 8.75 | 1.084
P2-Et I 10 | 1.039 | 10.55 | 1.048
€ o | o/
P13-Me H %B ’J | &ﬂﬁuﬂqﬂ 1.016 | 3.91 | 1.009
Y . : @
N AN TR N AL
PBQ:W'] %% J ﬂJoﬂJ 4.99 5.15 | 1.000
q

M9-Me o 100 1.50 | 3.09 | 1.173 | 2.99 | 1.198
M18-Me /ﬁi« 100 037 | 058 | 1.039 | 0.415 | 1.000
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OV-1701 BSiMe BSiAc
compound structure | temp.(°C)
k' k'z (54 k'z Q

C8-Me 5’ 130 5.64 8.18 | 1.042 | 6.46 | 1.000
CS-Et 5%’\ 130 7.57 | 1035 | 1.015 | 839 | 1.000
M10-Me 5/ 01 | 1.113 | 994 | 1.009
M7-Me 5 1020 | ND | ND
M7-Et S 1.036 | ND | ND

il

i WA

M20-Me /‘5*/ 13A 55 | 1.029 | 6.00 | 1.028

. NS & ":"f t“f
M20-Et _ 4 4 1.036 | 7.46 | 1.011
Remarks m

- Retention factors and, separation factgrs shown in the table are representatlve

e SPHIV BN INEINT

k’> = retéhtion factor of the sefond -eluted enantlomer

RIS NENAY

e same analyte under same condition from two

consecutive runs were within + 0.003 minutes.
Retention factors (k') were within + 0.003 under the same condition and
1 0.008 on different day or different column length.

Separation factors () were within + 0.0005 in all cases.
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4.3 Thermodynamic investigation by van t Hoff approach

In order to scrutinize the influence of analyte structure on the
separation with cyclodextrin derivatives, thermodynamic parameters responsible for
the analyte-stationary phase interaction and enantioselectivity of esters with similar
structure were systematically investigated. Van't Hoff plots of In k’ versus 1/T for all
series of esters on three columns were constructed. The relationships are all linear
with the correlation coefficient (R?) greater than 0.998, with the exception of M11-R,
M12-R, M17-Me, and M9Y- umn. From these plots, enthalpy (AH)

nshlps between In a and 1/T on

Accordingto figures 4.4-4.5, the increased interactions of P3-R (series

1) on BSiNﬂa:W’}% %r% Wxﬁ '}aﬁ ﬁalkyl chain. For alkyl

esters of P3,%onger alkyl chains mcreasmg]y interact with OV-1701 rather than

o/
cycl ﬁmﬂﬁ Im}{m ﬂhg esters in series
ed re action strength and sites on two chiral columns

relative to OV-1701 column. Interestingly, hydroxy-substituted esters (M15-Me,
M16-Me, M17-Me, M7-Me, and MT7-Et) possess relatively higher increased

interactions on BSiMe column than any other esters in their series. This would be

ascribed to the influence of hydroxy substituent, which is discussed later on the

following sections.
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For esters in series 3, M11-R, M12-R, and M17-Me show higher
increased interactions on chiral columns than P2-R and P13-R, which exhibit rather
low increased interaction relative to the overall interaction. This suggests that most of
the interactiohs of M11-R, M12-R, and M17-Me on BSiMe and BSiAc columns
result from the interaction between analytes and chiral phases. On the contrary, most
of the interactions of P2-R and P13-R on chiral columns are due to the strong

interactions between these esters and OV-1701 polysiloxane.

: in_series 4, hibits substantially higher increased
interactions on chiral columns rel: lumn than P4-Me and M18-Me.

This shows that P4-Me and-iMi18-Mzé stronglysiateract with achiral OV-1701 phase

rather than with BSiMe.& / phases

cased interactions of M7-R on
BSiMe column are ighdsyl Similas : the, observation of series 3, it could be

assumed that hydroxy slibsgitue ongl I ctacts with methoxy and acetoxy groups

. Mo, or hydroxy substituents in series 3
and 5 (M11-Me, M12-Me, L7=ME; g 9:Me), which can form polar interaction

with acetoxy gro P§ 0 Ac, exhibit sefl interaction than any other

ester analytes in all $éF ' Y |

] G
AULINENIneNg
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Figure 4.4 Differences in -AH; values for second-eluted enantiomers of esters (series 1-5) between chiral columns and OV-1701 column
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4.3.1 Esters with different alkyl chain length (Series 1)

0
_R P3-R
* o alkyl esters of 3-phenylbutyric acid

Esters in series 1 are composed of alkyl esters of

3-phenylbutyric acid (or P3-R) with methyl, ethyl, n-propyl, isopropyl, n-butyl, or

ic data for the separation of these esters on

&%4649

ﬁg'l‘es strength of interaction and the

n-pentyl as the alkyl groups. The
BSiMe and BSiAc columns

number of interaction Sites offhas honlologous series towards these stationary phases
slightly increase with'lengghicning alkylichain (hig ues of overall -AH and -AS).

However, this is opp6sitgsfo the frendss bserved fre gures 4.4-4.5, in which the
increased interactiongddeciase Wi : ening chain. This would mean that
most of the interactiong'o phasés om additional interaction between
analytes and non-chiral polySiloxane. Fortisomeric alkyl esters, the interaction of
straight alkyl chain (R =¥ ater than that of branched alkyl chain (R =
‘ S on two chiral phases, the degrees of
interaction strength and mmﬁﬁﬁ‘-ﬂﬁw e sters on BSiMe column are slightly

ity of @Ac phase for all esters are
greater than that of BSlM hase, accordingte figures 4.8-4.9. All enantiomers of P3-

R could be sﬁxui B WW‘@ elog1§thethy dstst could be resolved on

BSiMe columhl Nevertheless, the dlscrlmmatlon between individual enantiomers

2 AL DE VR )
shows enantiose aight alkyl ester, opposite to the trend in -AH

and -AS values. Figure 4.10 shows the comparison of the separation of P3-Me on both
chiral columns at 110 °C, indicating the slightly superior enantioselectivity of BSiAc
phase in shorter analysis time. This is not in agreement with the thermodynamic
result, which shows that the enantioselectivity of P3-Me BSiAc phase is twice higher
than that on BSiMe phase. Considering the In cw vs. 1/T plot (figure 4.1 1), o values on

BSiAc phase increase more rapidly with decreasing temperature than those on BSiMe
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phase. Thus, chromatographic separation data at only a given temperature cannot
provide complete information about enantioseparation. It should be considered from

thermodynamic data instead.

Similar results of the influence of ester chain length on chiral
separation were obtained by Jaques et al. [12]. It was observed that increasing the
ester chain length decreased enantioselectivity of analytes separated on 2 ,3-di-O-
acetyl -6- O-tert-butyldlmethylsﬂyl [3 cyclodextrm Jaques proposed that the loss of
’ olar character of ester function in the
l&le to the small (3-cyclodextrin ring

rably with the polar C2-3 rim

W
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il a
~ o1 Ll
3 e
£ 109— o
& —r—
~ g —F
o=} i )
3 7

ﬁuﬂﬁwzﬂjﬁﬂwnﬁ"'““

|OBsiMe BBSiAc|

rguh 4 B0l Eﬂ&ﬂ.&ﬁfh’lﬂlﬂﬂﬂﬂ e

BSiMe and BSiAc columns
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Figure 4.8  Differences in enthalpy values for enantiomers of esters (series 1) on
BSiMe and BSiAc columns
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Figure 4.9 Differénce al or. enantiomers of esters (series 1) on
BSiMe '

— e ] a)

X'

;uﬂﬁwaw%ﬂawnﬁ
JRTAN ..‘.l ﬁ

ql T T T T v T T
0 2 4 6 8 10 12 14 16 18

time (min)

Figure 4.10 Separation of P3-Me at 110 °C on (a) BSiAc and (b) BSiMe columns
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0.04 4

0.03 4

In @ 0.02 A

0.01 4

and BSiAc columns

Figure 4.11 plots o

432 S\ substttuent or chiral center

O O fﬁ’ ?}aﬁr : HOJ‘\/U\O/ Ho/ﬁ)\o/

‘I 15-Me

M16-Me

‘4 alytes in series 2 are divided into two subgroups of

positional is ﬁ% H i ﬁ-ﬂ F1 Q M6-R; subgroup II
consists of l\ﬁﬁ zt ng the separation data of
M15-Me and M16-Me on BSiAc columnsare unavailablé/ ‘Thermodynamic

R A S0 B b oo

~4.15.9
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Figure 4.13 Entropy values for second-eluted enantiomers of esters (series 2) on

BSiMe and BSiAc columns
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Figure 4.15 Differences in entropy values for enantiomers of esters (series 2) on
BSiMe and BSiAc columns
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The thermodynamic parameters of methyl and ethyl derivatives
of esters (subgroup I) on both chiral columns show similar trend as those in series 1
in which longer alkyl group (ethyl) slightly increases the retention but decreases or
has no influence on the enantioseparation. On BSiMe column, isomers of methyl
esters in subgroup I exhibited similar interaction (-AH and -AS) towards the stationary
phase, with a slight increaée from P4-Me < P3-Me < M6-Me. However, the

discrimination between individual enantiomers showed a different trend: P3-Me <

P4-Me < M6-Me. This indicates tloseparatlon decreases with the
increased distance of chiral cente . xyl group. Interestingly, longer
ethyl chain of M6-R, with_the Righe aﬁg three isomers, showed no
influence on the chiral rm—-’ i -A(AS) values for M6-Me

: interaction and highest
enantioseparation. Furthe ang configurations of enantiomers of M15-Me

and M16-Me were assign enantio (: a ly ; standards. It was observed
- prarss: 'y

and BSiMe phase is weaker

than that of R-enantiomer (S eluted Befo ¢ Rl ontrary result was obtained for the

- ‘-"‘.--"":5..1'3:.,-*

Ae and@-enantiomer of M16-Me

are the same. Therefore, J't is necessary to con51der not only the configuration

::::ment (R orﬂ W cﬁa sﬂ’n’rﬁ:ﬂgﬁnw&}ﬂ ﬂ;ﬂﬁ’:p bonded to chiral
A9 aﬁﬂ‘mi Nﬁlﬁm Y

COOMe

spatial arrangement of bjx S-ena

(5)-M15-Me (R)-M16-Me

Considering the similar pattern of the substitution between
these two subgroups (P3-Me, M6-Me vs. M15-Me, M16-Me) on BSiMe column, it is
surprising to observe that -A(AH) and -A(AS) values of a-methyl esters (M6-Me and
M16-Me) are twice the values of [3-methyl esters (P3-Me and M15-Me). This
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observation clearly shows the dependence of the enantioselectivity on the position of
substituent. When comparing two types of substituent, phenyl (P3-Me, M6-Me) and
hydroxyl (M15-Me, M16-Me), the phenyl-substituted enantiomers showed relatively
higher interaction, except for the -AS value of M16-Me. Nonetheless, the hydroxyl-
substituted analytes exhibited better separation than their phenyl analogues.

As proposed by Beier and Holtje [43], who studied

enantioselective binding properties of BSiMe, the main contribution to enantiomer

substituted analytes. These explana to our results in this group

of analytes. Possibly, great I-substituted esters is due to
‘hydrogen bonds betwee oxygen atoms of BSiMe.
According to Beier and 1 2 o8 d. ~ ) Is'are not necessary for chiral
separation, the stabilizingg€tfaét of hyd 8 'if nds . eful to form strong contacts
with the chiral centers at dd £3 A ppent g Of the cyclodextrin cavity and to
cause an orientation favorable fo.ch Al recognition. This is apparently observable
from higher -AS values of M1 ith-h 'ir oxyl at chiral center, than those of M6-
{sters are likelyitoo steric to fit deeply and tightly

into the cavity of the modified c;@pggﬂh o=

Me. Besides, phenyl-substitu

sibgroup I showed similar
their selﬁatlons on BSiAc column
are totally different from tbose on BSiMe col}‘lJmn (figures 4.16-4.17). While M6-Me

gave the best s rfz ’ ofTﬂ.ﬁle at all on BSiAc
column. P3 Me@yﬂ; smmt separatlon among the methyl derivative of three
isomers ﬁ' on BSiAc
column. ﬁluﬁ(]fj am&mmﬁﬁ iﬂgj “t nt or chiral

center on ester but also the substitution at the chiral C-2 and C-3 positions of

cyclodextrin.
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a = 1.047

A._A_ M6-Me

a = 1.018

NL P3-Me

Rk

M6-Me

ﬂﬁ’]ﬂ\ﬂﬂ‘imm‘!'ﬁ@ﬂmﬁﬂ "

Figure 4.17 Separation of esters in series 2 (subgroup I) at 110 °C on BSiAc column

&
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4.3.3  Esters with different types of substituents, alkyl esters of 2-X-

propionic acid (Series 3)

_R
\‘(‘ko alkyl esters of 2-X-propionic acid
X
0 (0]
\‘HJ\O/R 2 O/R
R
* 0 ;
Br
MI11-R P2-R P13-R

Jl and ethyl esters of 2-X-
hini,this group of esters, the effect of

substituent at 2-posmo n be studied. Thermodynamic data

responsible for the"interiction’ Ar . natio - analytes in this group are
84 O

depicted in figures 4

12 4—

-AH, (kcal/mol)
-]
|

“l ‘W’l NINTUNAINYTRY

&& Ss=sia __A.J

Figure 4.18 Enthalpy values for second-eluted enantiomers of esters (series 3) on
BSiMe and BSiAc columns
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—
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-A(AH) (kcal/mol)

P13-Et

q ‘ esters
OBSiMe HBSiAc

Figure 4.20 Differences in enthalpy values for enantiomers of esters (series 3) on
BSiMe and BSiAc columns
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P2-Et P13-Me P13-Et

M11-Me Mll-f? M12%

Figure 4.21 Differénce nfrop :7'—”:" Alues. for iomers of esters (series 3) on

interaction of this grou 0‘!5@ wards e phase. However, the chiral

recognition of enantiomers .d’g:;{,égﬁés' amatically. The -AH and -AS values of all

igher -AH and -AS values.
vity significantly. Changing

of substituent, ex

Nevertheless, types ;

the halogen ﬁ w !:iﬁ ) and -A(AS) values to
increase consi ﬁ ﬂ oftime: Ejhl sts that the resolution
of ester analytes increases with dncreasing the, size of substitaent. Considering

Mtz {aplof iyt ke A ol bk ) i vena s not

agreemiént with the aforementioned assumption that an increase in substituent size

substituent impact enantiosele

improves enantioselectivity. M17-Me has slightly higher -A(AH) and -A(AS) values
than those of M12-Me, probably due to hydrogen bonding between hydroxyl group of
M17-Me and methoxy groups at C-2 and C-3 on BSiMe molecule. In this case, the
size of substituent is not the primary contribution to chiral separation. Instead,
hydrogen bonds dominate enantioselectivity. The influence of polar interaction was

observable from the chiral separation of P2-R and P13-R as well. Phenoxy group of



50

P2-R can form additional dipole interaction with methoxy groups on the cyclodextrin
ring; therefore, P2-R exhibits better separation than P13-R. Noticeably,
enantioselectivity of hydroxyl-substituted ester was superior to that of phenyl-

substituted esters, similar to the results obtained from esters in series 2.

Contrary to the results obtained from BSiMe phase, changing
alkyl ester from methyl to ethyl substantially reduces the interaction between analytes
and BSiAc phase as well as the chiral recognition of enantiomers of esters, except for
P13-R. Moreover, the interacti of -Me, M11-Me, and M17-Me towards

i igher th n the ions towards BSiMe phase. Unlike
the separation on BS Me colt u@pe pronouncedly affects the

ds*BSiAc phase. With this phase,

interaction strength

chloro-substituted M S strong * teraction and largest -A(AH) and
-A(AS) values amon . ’ s obtained on BSiMe phase
the enantioselectivi . .size of halogen substituent
increased. This woulg of substituent is the crucial
contribution to the ent size is not the only factor
determining the enantid ause the small hydroxyl group of
M17-Me did not exhibi as the chloro-substituted M12-Me
Therefore, it should be the contributions, e.g. hydrogen bond
and dipole-dipole interaction, that lead to such a laroe sedats

gurations of M12-Me and M17-Me
enantiomers were assig;aed with enantiom&jcally pure standards. It is interesting to

observe tha y ﬂrﬂaeﬂ Hﬂﬂs‘ﬁnw(ﬂq ﬂlﬁjz-Me eluted before

R-enantiomer e uted with the opposite order, R prior to S. However,

TR Mimih] ey

Comparing BSiMe phase with BSiAc phase, enantioseparation
of ester analytes on two chiral columns was very different (figures 4.22-4.23),
possibly due to the difference in substitution at C-2 and C-3 of CD molecule.
Opposite to the results on BSiMe phase, enantioselectivities of ester analytes on
BSiAc substantially decrease with an increase in not only ester chain length but also

the size of halogen substituent. These likely result from the steric effect of acetoxy
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groups, leading to narrower opening at the secondary face, which may impede the

inclusion of analytes into the cyclodextrin cavity. In general, the chiral recognition
ability of BSiAc phase for this group of esters was superior to that of BSiMe phase.
Enantioselectivities of 2-chloro, 2-hydroxy, and 2-phenoxy substituted esters were
greater on BSiAc than on BSiMe phase while those of 2-bromo and 2-phenyl
substituted esters on two columns were very similar. In addition to the size effect,

these differences can be ascri polar interactions between acetoxy on

cyclodextrin and hydroxyl o

ms (M11-R and M12-R) were

formerly studied by Veng pentyl B-cyclodextrin as a chiral stationary

phase. Similar results i were obtained: changing alkyl

chain from methyl to ¢ omo to chloro caused the loss

of enantioselectivities. ) B\ kyl chain likely hindered the

accommodation of a n cavity.

‘‘‘ e i S m
o

M11-Me

1' immﬁ" 3

time (min)

Figure 4.22 Separation of esters in series 3 at 120 °C on BSiMe column (M17-Me

was prepared with R-enantiomer enriched.)
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acid can be studied. The enthalpy and entropy results obtained for the separation of
enantiomers are presented in figures 4.24 — 4.27.

The trend of the -A(AH) and -A(AS) values on both BSiMe and

BSiAc phases are very similar to those of series 3: bromo-substituted M9-Me showed
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higher selectivity than less polar phenyl-substituted P4-Me and methyl-substituted
M18-Me.

Of all analytes in this group, M9-Me exhibits the highest
-A(AH) and -A(AS) values on the two chiral columns. This can be probably ascribed
to the polarizability of bromo substituent (tc-Br = 1.82, pc.cusz = 0.0, where = group
dipole moment in debye [44]) which causes additional weak dipole interaction with

methoxy groups on BSiMe phase. Si

ilarly, M9-Me possesses highest interaction
strength and sites together wi ‘

column, which is greaterthan {
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Figure 4.24 Enthalpy values for second-eluted enantlomers of e dters (series 4) on
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Figure 4.26 Differences in enthalpy values for enantiomers of esters (series 4) on

BSiMe and BSiAc columns
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Figure 4.27 Diffs omers of esters (series 4) on

of two structurally similar
bromo-substituted estefs, Ve (sirieg3) and M9-Me (series 4) on both columns,
it can be seen that the'resg < of
different. While BSiMe phasé extiibi od
slightly greater sep
towards M9-Me‘ 498, the slopes of In o vs. 1/T

on two stationary phases is very
enantioselectivity for both esters with

tSplayed exceptional separation

5 |
curves (a) of M11 “ e and M9-Me are similar. Ho i er, enantioselectivity of M9-

Me on BSiAc phase ases more ra s tem er is decreased than M11-
Me, resuln wgtmg n @ lower temperature (b).
This clearly ﬂllilcates that even a glight dlffere in the analytestructure can cause a
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~ This series incorporates methyl and ethyl esters of 2-X-2-
phenylacetic acid (X = CI, Br, OH, OMe, Me). In this group, the influence of
substituent type at 2-position and alkyl ester chain of these esters can be studied.
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Because of peak tailing effect, the separation data of M7-R on BSiAc column are
unavailable. Figures 4.29 — 4.32 show the enthalpy and entropy results for

enantiomers of esters in this group on two columns.

In general, on BSiMe phase, lengthening ester chain slightly
increases the interaction of ester analytes with the phase. Enantiomer separations of
these alkyl analytes, on the other hand, did not have a similar trend. Unlike the
enantioseparations of C8-R and P13-R, the chiral recognitions of M7-R and M20-R
ctior /y ethyl to ethyl. In addition to the alkyl
» % lect1v1ty of these esters are also
dependent on the type engat .of ester molecules. Among all
analytes, there are sli es !

A — s in __\Mq\strength and interaction sites
while enantioseparatiofargsianifica fere '

chain length, the interaction anc

'5,

: the two halogen-substituted
esters exhibited high afid, -I\( AS) " ._ SiMe phase. It appears that by
changing halogen substif  from:-chi IO, to bromo (M10-Me), the
: ol Thi sts that increasing the size of

Aan s i

halogen results in greater lm t

findings observed with esterS4 ] ereover, polar interactions seem to be
_.--i "-a"m' ,p" ol =

gﬁl__lg: e separation of P13-R,

,PI13-R Oselectivity owing to the lack
of additional mteractl between ‘ ent an@lethoxy groups on BSiMe.

Fife) ‘?ﬁj *?Jiﬁ’ LTI o o o
methyl to etﬂ u arl tio t for M20-R, while

enantloselectlvyles of all analytes decrease withslonger alkyl chain. Similar to the

resulQm%ﬂ c giitiostpeigtion| o)t |phase idpdndslon substituent

types a8l well. However, enantioselectivities of ester analytes on two chiral columns

are very different (figures 4.31- 4.33).

two enantiomers, similar to the

important factors ﬂthe chiral

L

As seen from figure 4.33, the separations of M20-Me on both
columns are not much different, which contradicts thermodynamic results (figures

4.31-4.32). This is because the figure 4.33 shows the separation at only a given
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temperature. On the contrary, thermodynamic parameters exhibit the results over the

whole range of data.

The great difference in enantioseparation of analytes on BSiMe
and BSiAc columns is possibly due to the differences in substitution at C-2 and C-3 of
cyclodextrin molecule which results in different characteristics of these two phases.
Firstly, substitution of methoxy by acetoxy increases the polarity of cyclodextrin rim

and consequently leads to additional polar interaction between acetoxy on BSiAc and

two phases. The grem——' ivity of M20-Me on BSiAc can be ascribed to
additional dipole i i
2-position of M20

on BSiAc and methoxy at
P13-Et and M20-Et show

changing substituents at Crlio units from methoxy to acetoxy due to
steric hindrance. This 8, ~the S ¢ uent of ester important for the
separation. Considering theﬂ o alogenssubstitued esters, the -A(AH) and -A(AS)
values of chloro-st . larger Dromo-substituted ester. This

indicates that the ¢Hi \*! SiAc phase decreases with
increasing the size @hal cn substituent. a@(Br and CI substituent), the

effect of substituent sqe ather than its polarity dominates the chiral separation on

BSiAc colwﬁb%q%ﬁ Qﬁ% %ﬁc’}nﬂze f chloro (0.9 A) and

bromo (1.14 ut a similarity in polanty (Uc-Br 1 82, pc.c1=1.87 [44])

qmmn‘m UAIAINYA Y
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Figure 4.30 Entropy values for second-eluted enantiomers of esters (series 5) on
BSiMe and BSiAc columns
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Figure 4.32  Differences in entropy values for enantiomers of esters (series 5) on
BSiMe and BSiAc columns
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Figure 4.35 Comparison of the separations of M10-Me with M11-Me at 130 °C on
(@ BSiMe and (b) BSiAc columns
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4.4 Thermodynamic investigation by Schurig approach

As mentioned in chapter II, in this method, thermodynamic parameters
are calculated from the plot of In R’ (retention increment) versus 1/T. In this study, R’
was obtainable from relative retention factors (k') of enantiomers with respect to
n-heptane (C;) standard, which has rather weak interaction towards both chiral
columns and a polysiloxane column. However, the accurate retention of C; could not

ratures. For this reason, the Kovats plots of

be determined at high operating tem
log t' (adjusted retention time). vs. ber of carbon atoms) for a homologous

series of n-alkanes at vari

The ¢ am by Schurig approach was
carried out for the J e on BSiAc column owing to
random data points o ¢ calculation of thermodynamic
data for BSiAc column #va ) ers because of non-linearity of
the plots, possibly r m . - '; ideal behaviour of C;. With BSiAc phase,

however, the plots of |
results for some esters w ted from the linear part of the plots (not the
whole temperature range e>g_a;ﬁ@§_§ Comy arison of thermodynamic data calculated

from vant Hoff applodeh and Schurie approach is il e J‘, d in table 4.2.
' . A

In gen@al, AH and - lues ca culata using Schurig approach are
lower than those calculg;ted using vant Ho@approach. However, -A(AH) and -A(AS)

s oo QDY) B P IR e s o

van't Hoff appyoach. Moreover, trends in those thermodynam1c data for each series

IR I
approagh "shou f van't” Hoff approach since the

thermodynamic values obtained from Schurig approach will not depend on CD
concentration or type of polysiloxane used. However, van't Hoff approach provided
thermodynamic results in better agreement with chromatographic results than Schurig
approach. For example, according to gas chromatographic separation results, a values
of P3-R decreased with lengthening alkyl chain. Considering -A(AH) and -A(AS)

values obtained from both methods, the trend in enantioselectivity of
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van't Hoff approach is in agreement with the trend in o values while Schurig
appr:oach shows the opposite trend. Another example is M11-Me and P13-Me. The
chromatographic results revealed that M11-Me (ctj50:c = 1.077) could be separated
better than P13-Me (ot j20°c = 1.009). However, enantioselectivity of P13-Me was
greater than that of M11-Me, according to Schurig approach. More correctly, the
reverse result obtained from vant Hoff approach showed that M11-Me possessed
higher enantioselectivity than P13-Me.

These  discre ‘ / cen  chromatographic  data  and
S x\

thermodynamic data calcul SEAT, " approach are probably due to the

"&f1n R’ er not strictly linear. Only linear

)

16 Caleulate e; \~. and enthalpy values. Consequently,

following reasons. The"ple
parts of these plots were
there were too small dafa ot the caleulation of thermodynamic data.
Another reason is tHat e § Jarc may not behave as a truly inert

reference. It probabl, D derivatives.

ﬂUEI’JVIEJVlﬁWEHﬂ‘i
’QW']Mﬂ‘iﬂJSJVH’mmMJ
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Table 4.2 Comparison of thermodynamic parameters obtained from van? Hoff

approach and Schurig approach

van't Hoff approach Schurig approach

compound

-AHy | -AS; | -A(AH) | -A(AS) | -AH; | -AS, | -AQH) | -aas)
P3-Me | 1329 | 1890 | 0.19 | 044 | 443 | 1125 | 096 | 223
P3-Et 13.68 | 1922 | 0.15 36 | 725 | 18501 100 | 237
P3-iPr | 13.87 | 19.46 63 | 1747 | 123 | 293
P3-nPr | 1425 | 19. o |90, 6 | 1720 | 129 | 3.16
M6-Me | 1285 | 17 | 40) 14.00 | 0.00 | 0.00
MIl-Me | 13.79 Pl gk 2461 | 088 | 194
MI11-Et | 12.03 | 19504 0. ';: 'y 2201 | 050 | 122
Mi2-Me | 1483 | 2783 f Bioa C 2616 | 203 | 428
MI2Et | 1283 | 2219 [ffy, - ": 02399 | 141 | 311
P2-Me | 14.11 | 2061 T 34 2225 | 225 | 503
P2-Et 13.87 I.13 [ | 4.88
P13-Me | 11.93 1@5 1395 | 125 3.06
M9-Me | 14 kﬁiﬁ"m 161 | 3.4
M18-Me 1& 17.77 | 0.23 1727 | 064 | 1.62

—

M10-Mﬂﬁﬂ axsazﬂ] 30U ) Y| B2 B b | 026
C8-Me | 1355|1890 | 0.15 | 036 | 571 | 1374 | 123 | 3.0
M20-Me | 14.14 | 2049 | 046 | 1.06 | 7.94 | 1928 | 1.93 | 443
M20-Et | 14.00 [ 1975 | 022 | 051 | 652 | 1670 | 169 | 401
-AH; and -A(AH)  : kcal/mol
-AS; and -A(AS)  : cal/mol.K
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