CHAPTER 1V

RESULTS AND DISCUSSION

4.1  Preparation of 1-Phenylethanol Derivatives

Most of 1-phenylethanol derivatives used in this study were prepared by

The products were characterized by NMR/spcefrometer. The yield of all synthesized
alcohols was greater than=80%. Howe aration of hydroxy-substituted
~derivatives of 1-phenylethag ctures and abbreviations of

compounds to be examige

Table 4.1  Structuresof 2 fiehyiet : 4 ‘-‘n 2 -\ s used in this study.
abbreviation
H
2F ¥-methylbenzyl alcohol
3F oA = yl alcohol
o r|'
W

1-(3-chlorophenyl)ethanol

4Cl1 /@)\ 1-(4-chlorophenyl)ethanol
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abbreviation structure " | compound name
2Br Br 2-bromo-a-methylbenzyl alcohol
<
3Br . 3-bromo-a-methylbenzyl alcohol
r\(j/ “oH
4Br | 4-bromo-o.-methylbenzyl alcohol
2Me 2- etliyte Ylbenzyl alcohol
3Me benzyl alcohol
4Me lbenzyl alcohol
20Me ethylbenzyl alcohol
30Me : - nzyl alcohol
40Me

4- methgxy -o-methylbenzyl alcohol

ﬂuﬁﬁwﬂﬂswawni

2% w

nadAs ol TRTITTEAR Y

3N

3-nitro-a-methylbenzyl alcohol
N

4N

4-nitro-a-methylbenzyl alcohol
OH
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abbreviation structure compound name

3CN o | 3-cyano-o-methylbenzyl alcohol
OH
4CN | 4-cyano-o-methylbenzyl alcohol
OH
NC

F-TF CF3 4-fluoro-o~(trifluoromethyl)benzyl alcohol

g
= '

CI-TF

Br-TF

4.2  Capillary Column (oati ,d':-f

Coated capillary colum Were eve d for their properties with Grob test

. : JA LK . .
mixture which composed ﬂr - com different functional group: n-
decane (C10); -;;r“t'—ee-g-—--——m,____;-_ Bt vrilecanonte (ERL:
methyl dodecanoate -‘_i'l - ol (of);, 2,3-butanediol (D), 2,6-

dimethylphenol (P); . ,6-dimethylaniline (A); 2-ety hexanoic acid (S); and
dicyclohexylans )‘i 3 : termined from the average
separation numlﬁﬂen m;ﬁc gm:] mme chromatogram, a
100% line was drawn by conneaif C10, C11,#810, E11, and ﬂélpeaks. Peaks

stow Wi bR o koo orl g o

towards a1e stationary phase. The acid-base property of the columns was judged from

ctional group

the ratio of peak height of A-P and S-am pairs.

4.2.1 OV-1701 column
Grob test chromatogram of OV-1701 column was shown in figure 4.1.
This column has high efficiency with the average separation number of 42.7. This

value is also in good agreement with the efficiency obtained by isothermally testing
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with n-alkanes in the temperature range of 50-200 °C (3000-4000 plates/meter). This
indicates that OV-1701 column can be used efficiently at both high and low
temperatures. This column showed no adsorption towards alcohol (ol), but exhibited
some adsorption towards diol (D) and aldehyde (al). Besides, it is not recommended

for the analysis of underivatized carboxylic acids (S) or amines (am).

- Al e, G

Y.
x\
A ;\!\ q

i ¢ T e e %

""""""""""""""" ofi 2 32.40 m long, 0.25 mm

Belov-1701. Temperature
prograrEbO-wO ~Cat 154 C/min. LIJ

AUYININTNYINT

42.2 B¥iMe column
| L & g
AR IUAN R e
temperatgres with the average separation number of 43.7. This stationary phase
showed slight adsorption towards diol (D) and aldehyde (al), and is not suitable for
the separation of underivatized carboxylic acids (S) and amines (am). Interestingly,
diol (D) was observed as two peaks of isomers and the separation of chiral acid (S)

could be detected, as shown in figure 4.2, due to the selectivity of the derivatized

cyclodextrin.
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Figure4.2 A chrom gr, : _ ureon a 31.80 m long, 0.25 mm
i.d. capillargfl cgfitéd with-0:28"fim filmlof 25.5% BSiMe in OV-1701.

Temperature pfog ‘?:-e—-_ : \ 7 °C/min.

4.2.3  BMe colun |

- ,:;';;_T bt be evaluated by Grob
test as the statlonary se becol : Operz {" g temperature (below 130

°C). The column efﬁc1erlpy was then obtamed 1sotherma11y from n-alkanes and was

in the 2000 pl tﬂr(?% ﬁ%ﬁ w ﬂ(ﬂj'thls column towards

alcohols (whxch are analytes of mterest in this study) was evaluated from asymmetric

f“w”ﬁ%ﬁ‘mﬂ"ﬁ‘fuumqmwaa

4.3 Gas Chromatographic Separation of 1-Phenylethanol Derivatives

All chiral alcohols were analyzed isothermally on three columns in the
temperature range of 130-200 °C at 10 °C interval. The retention factor and
enantioselectivity of racemates at 150 °C were calculated and compared as shown in

figures 4.3-4.4.
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Retention factors (k') of the more retained enantiomers of 1-phenylethanol derivatives at 150 °C on all stationary phases

Figure 4.3
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On OV-1701 column, the retention factors (k') of all substituted
1-phenylethanol were greater than that of the unsubstituted one. As expected, the k'’
values increased with the molecular weight and polarity of substituent. Compounds
with the same substituent, regardless of position, exhibited similar retention (e.g. 2F,
3F, and 4F have the k' of 0.76, 0.89, and 0.86, respectively). Nitro-substituted
1-phenylethanols were the only exception, where the retention of 2N was much

smaller than those of 3N and 4N (k' of 6.56 for 2N compared to 12.76 and 13.94 for

halogen-substituted derivatives—iiicreased a@ic weight of the substituent
increased in the order yrome. Another example was observed in
the electron-withdrawi 1 i f bstituted alcohols was greater

than that of cyano-sub

The retention of SwvahCD-

aining columns, BSiMe and BMe,
was larger than that on O .m-- \\ ested that CD derivatives were
responsible for an incredse re:d'nﬁ'oﬁ iew of the fact that all three columns
contain polysiloxane as a majofcom '—fr 6' nt ave identical film thickness. It was

observed that the retentio of “aCst 21 ‘._,; _ ined from BMe column is slightly

higher than from BSiMe column — This is probabiedue g /the higher interaction of
At coump, NS IS -

i N

polar analytes toward g vie " However, the tendency of

retention in each chira# olumn was very similar to that oI OV-1701 column.

The seﬂnuﬁalc;] NN I LD T e s

retention. It was notlced that all racgiic alcoholsstudied could bgesolved into their
corres;ﬂow ﬁ}aﬂh&ﬂ?%%ﬂ f-]glaew % r}ﬁ &Iwas improved
as the sibstituent size became larger. Nonetheless, the position of the substituent
seemed to have a stronger effect on the selectivity than the size does on both columns.
Analytes with substituent at the ortho position showed better separation than those at
the meta and para positions (figure 4.5). Comparing the selectivity of both columns,
it was observed that the selectivity of BMe derivative toward meta- and para-
substituted 1-phenylethanol is slightly higher than that of BSiMe. However, the

selectivity of BSiMe toward ortho-substituted derivatives is superior than that of
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BMe, particularly for the derivatives with large substituents such as nitro, bromo, and

chloro (figure 4.6).
‘ a=1.257
(a) \ -
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Figure 4.5 Chromatograms of (a) 2Cl; (b) 3Cl; and (c) 4Cl at 150 °C on

BSiMe column
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a=1.404
(@) . L
(b) a=1.210
14
Figure 4.6  Chromatogramsof 2Br ai 1l BSiMe and (b) BMe columns
7 .ﬁ"‘d
Since the| r¢ s\ of analytes at a particular

:::;z::::::zo@u:azmm 128 Lo g
mmmmmumq nen a ¢

4 .1 Method A

reveal the nature of interacti on between analytes and

Enthalpy (-AH) and entropy (-AS) values of each enantiomer could be
determined from the relationship between In k' and reciprocal of absolute
temperature, according to equation (5). All plots are linear with correlation
coefficient mostly greater than 0.997. The enthalpy and entropy values of the more
retained enantiomers on two chiral columns, compared to the values on nonchiral

column, were depicted in figures 4.7-4.8, respectively.
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8¢



-AS, (cal/mol.K)
35

30

25

4 ! 1 R &
ot — 88
|
|
) & i B
! g I 5 1, K

* R F S tadndalunfeasyt F B o

[D0V1701 OBSiMc BBMc |

3

F-TF
CI-TF
Br-TF

Figure 4.8  Entropy values of the more retained enantiomers on all three columns calculated by method A
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The enthalpy value (-AH), in figure 4.7, represented the strength of
interaction between an analyte and stationary phase: the higher the value (more
negative value), the higher the strength of interaction. The negative entropy value, on
the other hand, denoted the loss of degree of freedom resulted from the interaction
between the enantiomer and stationary phase. Both enthalpy and entropy values on a
medium-polarity OV-1701 column displayed a similar trend as the retention factors,

i.e. the strength and the loss of degree of freedom increase as the molecular weight

-AH and -AS values of most
analytes are similar to eagh e of 1-phenylethanol, except
for the large substitue and cyano substituent where

the larger values were g lues on BMe column, on the

other hand, did not sheV \\\\ he BSiMe column. This
observation indicates that ghe fa \ rength of interaction and the
degree of freedom woul@ , 1ydroxy group of 1-phenylethanol
derivatives since th_ermo aglic pa ;% es were quite similar.

(R
Thermdynaml r'f;;"' et esponding to the separation of
enantiomers of 1-pheny )é'dgtermined either from the
1"‘ of In a vs.1/T. In this
study, the first appcmch was selected. e -A(ﬁ) and -A(AS) values of

1-phenylethanol and derivatives are depictediia figures 4.9-4.10.

ﬂ‘uﬁl’J'ﬂﬁmi g3
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difference in enthal »V
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Figure 4.9  Differences in enthalpy values of enantiomers on BSiMe and BMe columns calculated by method A
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Figure 4.10
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Considering the separation of 1-phenylethanol (H) on both chiral
columns, it was found that enantioselectivities of two CD derivatives towards H are
very similar and was in good agreement to that investigated by Kobor et al. [25]. This
can be described to the strong intermolecular interaction between polar alcohol and
CD as well as polar siloxane matrix. Kobor et al. also proposed that the
enantioselectivity for polar solutes, such as H, should be less dependent on the van
der Waals interaction or the flexibility of CD selector. However, the size, shape, and

flexibility of the CD selector bec

ificant when a substituent of various size

and polarity is introduced into di nalyte molecule.

It can be_sgensth? spéligyposition of substituent played
a major role to enantigg Wi g e, type ‘e stituent since the -A(AH) and
-A(AS) values of all anal¥ytess gty Similar, e the values of ortho-substituted
analytes. Additionally, ghe gelgctivitie B o s stituted analytes containing the
same type of substituen ‘ I eight increases. As seen in
figures 4.11-4.12, the s€pagatign Vie is ater than that of 3F, 4F, or
unsubstituted alcohol (H)%ng elbetivity 4 ffom 2F to 2Cl to 2Br.

Even though 0s1h0 tho-sul es could be clearly resolved on
both columns, the i: ......................................... towe rds this type of analytes
than BMe did (ﬁgur ‘
substituted alcohols, -q-I e offered slightly better separati [H n towards meta- and para-
substituted alcohols thanB8iMe. Considerifig the structure of BSiMe and BMe, both

> awivmiv AL WIS BHIATYSe o ot 02 st

carbons. Howeaér the substituents at the C6 nonglral carbons l ed at the narrow

oGRSV SR % T A Bpana

groups of BSiMe, instead of the small O-methyl groups of BMe, at C6 of glucose

..ll'

of BSiMe towards ortho-

units possibly create a more rigid and narrower cavity [25]. The less flexible
geometry of BSiMe probably makes the formation of temporary diastereomeric
complex between one enantiomer and CD much more favorable and, thus, result in a

better enantioselectivity as shown in figure 4.13.
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Figure 4.11 Chrofalogfams of (a) H. (b) 2 ( 1 (i) 4F at 160 °C on
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Figure 4.12  Chromatograms of (a) 2F; (b) 2Cl; and (c) 2Br at 160 °C on BSiMe

column
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a=1.280 J J a=1.142
Time (min) Time (min)
(a) (b)
Figure 4.13  Chromategféis.ef2Br at 160 °Con (1)BSiMe and (b) BMe columns
Three a#trifldomdme u - derivatives nzyl alcohol (F-TF, CI-TF,

luoromethyl) substituent on

Br-TF) were also prepafed g " ore
S% '\v iral selectivity (-A(AH) and

»
D

enantioselectivity. Sincg
-A(AS) values) for H, 4F, 4C1 /& W .. ; IS'expected to observe similar selectivity
for F-TF, CI-TF, and Br-TES Des sizalof hydrogen and fluorine atoms,
the polarizability of triﬂuorome itthe chiral center of the analyte molecules
considerably influencg, the aration on’'B D. #he difference in enthalpy
and entropy ;—p’“‘- alcohol decreased
drastically and only aratie 50 -1'"' d.  Surprisingly, the a-

(trifluoromethyl) substltu%nt has no impact o the separation on BMe column (figure

4.14). This is E‘];Jjbouta?e wﬂnﬂiwgfrﬂﬁmml carbons of CD

molecule can change in shape and; consequently, result in a

°ha“geﬁﬁ‘°iﬁ€ﬁituumwmaa

T120a16%02
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4Cl
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Figure 4.14 Chrohif & (2) BSiMe and (b)
BMe Fw' s La
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alpy (-AH) and entropy (AS) values rewnmble for the
1nteracalmmfﬂ q:ﬂ ﬁ Eua ﬁTa wmﬂ\/ﬁe could be
determin om the relations between and reciprocal of absolute

temperature, according to equation (10). All relationships were linear with correlation
coefficient mostly greater than 0.97. The differences in thermodynamic values of
enantiomeric pairs accountable for the separation were then calculated. The enthalpy
and entropy values of the more retained enantiomers obtained from two chiral

columns were shown in figures 4.15 -4.16, respectively.  The enthalpy and entropy



differences  (-A(AH) and -A(AS) values) were also depicted in figures 4.17-4.18,

respectively.

As illustrated in figures 4.15-4.18, the ortho-substituted alcohols still
exhibited stronger interaction (high -AH and -AS) than analytes with substituent at
meta or para position. Nonetheless, the size, molecular weight, or polarity of

substituent do not substantially affect the interaction, especially on BMe column,

since the -AH and -AS values ow a significant increase as those

aforementioned parameters increase in the interaction as the
size, molecular weight, or e from polysiloxane solvent.

As the thermodynami nt methods for each chiral

column were comparedst \\\ \\ . that the major contribution
i ig s 21701.

to retention on BMe ¢
Enthalpy by method B are normally

lower than those obtaided % 1 that the values obtained by
method A include all int€ragfions 5 erivative and from polysiloxane
matrix while those obtaine i ontribution only from modified CD.
BSiMe column for H, 20Me, and
3N (figure 4.20) wererobably caused by the non-ideal'h che
V'_——— l-""

this study or the con was'not a direct addition.
[r

ough fla are difference8«n -A(AH) and -A(AS) values calculated
by both metho ﬂj&d,a mgms w n§ igquite similar (figures
4.23-4.26). For ost compounds, the values obtﬂed by metho@ are higher than

oo NPT HARD FIBIRGY e e

some andlytes with substitution at ortho-position obtained by method A are either

The unexpected higher entropy.vah IS _p

vior of n-alkanes used in

similar or slightly higher than values obtained by method B (figures 4.23-4.24).
Theoretically, the -A(AH) and -A(AS) values attained from both methods should be
identical. The discrepancies are perhaps due to the normal alkanes, reference

compounds used in method B, did not behave as truly inert compounds.
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Figure 4.15 Enthalpy values of the more retained enantiomers on BSiMe and BMe columns calculated by method B

8¢



-AS; (cal/mol.K)

25

20

4CN |

()
2>
®)
Q

EI ESIMG 1H;BMe |

Figure 4.16  Entropy values of the more retained enantiomers on BSiMe and BMe columns calculated by method B
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Figure 4.17  Differences in enthalpy values of enantiomers on BSiMe and BMe columns calculated by method B
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Figure 4.18 Differences in entropy values of enantiomers on BSiMe and BMe columns calculated by method B
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Figure 4.19  Comparison of enthalpy values of the more retained enantiomers on BSiMe column calculated by two methods
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Figure 4.20 Comparison of entropy values of the more retained enantiomers on BSiMe column calculated by two methods
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Figure 4.21
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Comparison of enthalpy values of the more retained enantiomers on BMe column calculated by two methods
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Figure 4.22  Comparison of entropy values of the more retained enantiomers on BMe column calculated by two methods
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Figure 4.23  Comparison of enthalpy differences on BSiMe column calculated by two methods
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Figure 4.24 Comparison of entropy differences on BSiMe column calculated by two methods
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Figure 4.25 Comparison of enthalpy differences on BMe column calculated by two methods
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Figure 4.26 Comparison of entropy differences on BMe column calculated by two methods
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