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Gas-liquid chromatographic analyses

XLI*. Ethyl and w-chloroethyl! esters of benzoic and monochlorobenzoic
acids on SE-30 and OV-351 capillary columns

ILPO O. O. KORHONEN* and MAIJA A. LIND
Department of Chemistry, University of Jyviskyld, Kyllikinkatu 1-3, SF-40100 Jyviskyla 10 (Finland)
(Received February 11th, 1985)

Earlier studies with aromatic esters involved the gas chromatographic (GC)
retention behaviour of saturated C;—C;; normal-chain! and C;—Cs branched-chain
esters? and unsaturated C;—Cg¢ esters® of benzoic and monochlorobenzoic acids.
Low-polarity (SE-30) and highly polar (OV-351) capillary columns with various tem-
perature-programmed and isothermal operations were used to investigate the sepa-
rations of the complex mixtures and to examine the retention indices and the reten-
tion index increments for the methylene unit and the chlorine substituents within the
homologous series of esters.

Previously, the GC separation of a mixture of ethyl and w-chloroethyl esters
of aliphatic C,~C,¢ n-alkanoic acids on SE-30 and OV-351 capillary columns has
been reported*, and more recently the retention indices and the incremental effects
for the various chlorine substituents in the same series of esters have been examined?.

This work extends the earlier studies'~* to the GC retention behaviour of ethyl,
2-chloroethyl, 2,2-dichloroethyl and 2,2,2-trichloroethyl esters of benzoic and mono-
chlorobenzoic acids on SE-30 and OV-351 capillary columns under a variety of tem-
perature-programmed and isothermal conditions. The relative retention data, the
Kovats retention indices and the retention index increments for the chlorine substit-
uents in either the acyl or alkyl chain of the sixteen individual esters are discussed
and the results are compared with those of the earlier studies with aromatic and
aliphatic esters.

EXPERIMENTAL

Materials

The ethyl, 2-chloroethyl, 2,2-dichloroethyl and 2,2,2-trichloroethyl esters of
benzoic (1-4), o-chlorobenzoic (o/1-0/4), m-chlorobenzoic (m/1-m/4) and p-chloro-
benzoic (p/1-p/4) acids were prepared from the corresponding alcohols* and acid
chlorides! as described earlier®.

Mixtures of n-alkanes were obtained from different commercial sources.

* For Part XL, see I. O. O. Korhonen, J. Chromatogr., 324 (1985) 192.

0021-9673/85/$03.30 © 1985 Elsevier Science Publishers B.V.
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Methods

GC analyses were carried out on a Perkin-Elmer Sigma 3 gas chromatograph
under the following operating conditions: injection and flame ionization detection
(FID) temperatures, 250°C; nitrogen carrier gas velocities for methane at 160°C, 14.0
(SE-30) and 13.1 cm sec™! (OV-351); splitting ratio, 1:20; and chart speed, 10 mm
min " !. The columns used were a low-polarity SE-30 vitreous silica wall-coated open-
tubular (WCOT) column (25 m x 0.33 mm LD.), supplied by SGE (North Mel-
bourne, Australia), and a highly polar OV-351 fused silica WCOT column (25 m
x 0.32 mm LD.), supplied by Orion Analytica (Espoo, Finland). The column tem-
perature was programmed from 100 to 280°C (SE-30) and from 100 to 230°C (OV-
351) at 2, 6 and 10°C min ! and held, if necessary, on OV-351 at 230°C until elution
of peaks had ceased. The isothermal data were détermined at 140, 160, 180, 200 and
220°C. '

The retention times were measured from the time of sample injection; a Hew-
lett-Packard Model 3390A reporting integrator was used. The Kovats retention in-
dices were caiculated off-line by using two appropriate adjacent n-alkanes as de-
scribed earlier’, the dead volume being determined at each isothermal temperature
by the injection of methane.

The esters of the four series of aromatic acids and n-alkanes were chromato-
graphed separately in turn owing to the incomplete resolution of the peaks of the
monochloro isomers. The elution order of the individual components in a complex

SE - 30

"3 -]

3]

~3

oo
-

N JUHUU

1] min 5 10 15 20
. 3 + "y 1

100 °c’ i3 oas0 T qe0 T T
Fig. 1. Chromatogram of a mixture of ethyl, 2-chloroethyl, 2,2-dichloroethyl and 2,2,2-trichloroethyl
esters of benzoic (1-4), o-chlorobenzoic (0/1-0/4), m-chlorobenzoic (m/1-m/4) and p-chlorobenzoic (p/1-
p/4) acids, obtained on a low-polarity SE-30 capillary column with temperature programming from 100°C
at 6°C min ! until elution of peaks had ceased. S = Solvent; C,, = n-tetradecane. Peaks are identified
in Table I.
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mixture shown in Figs. 1 and 2 was confirmed with the pure components added to
the mixture and the increased peak responses obtained.

RESULTS AND DISCUSSION

Chromatograms of a mixture of ethyl and w-chloroethyl esters of benzoic and
monochlorobenzoic acids, separated on SE-30 and OV-351 with temperature pro-
gramming, are shown in Figs. 1 and 2, respectively. The corresponding retention data
are presented in Table 1.

Fig. 1 shows that the isomers are eluted on a low-polarity SE-30 column in
order of their degree of chlorination and that the m-, p- and o-chloro esters are eluted
close together, as are the other esters of monochlorobenzoic acids! 3. All the m- and
p-isomers are coincident, but the o-isomers, having increased retentions, are generally
resolved so that the resolution increases with increasing degree of chlorination (Fig.
1 and Table I). ’

On a highly polar OV-351 stationary phase the retention is increased (Table
I) and the elution order between the 2,2-di- and 2,2,2-trichloroethyl esters is changed,
as previously shown with the corresponding aliphatic esters*:5. The separation be-
tween the isomeric compounds is better than on SE-30, i.e., the peaks of the tri-
chloroethyl esters of the m- and p-isomers are resolved and the retention of the o-
isomers is markedly increased relative to that of the m- and p-isomers!—? (Fig. 2).

The elution order of the esters shown in Figs. 1 and 2 generally remained
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Fig. 2. Chromatogram of the same mixture as in Fig. 1, obtained on a highly polar OV-351 capillary
column with temperature programming from 100 to 230°C at 6°C min~' and held at 230°C until elution
of peaks had ceased. S = Solvent; Cy4 = n-tetradecane. Peaks are identified in Table I.
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TABLE II

RETENTION INDICES FOR ETHYL AND «-CHLOROETHYL ESTERS OF BENZOIC AND
MONOCHLOROBENZOIC ACIDS ON SE-30

Compound Column (SE-30) temperature

Programmed from 100°C at Isothermal at

2Cmin™' 6’'Cmin~! 10°Cmin~! I140°C 160°C 180°C

Ethyl benzoate 1155 1143 1154 1166 1157 1176
2-Chloroethy! benzoate 1373 1368 1380 1375 1380 1396
2,2-Dichloroethyl benzoate 1456 1459 1472 1462 1470 1485
2,2,2-Trichloroethyl benzoate 1528 1531 1542 1526 1536 1552
Ethyl o-chlorobenzoate 1321 1311 1320 1322 1325 1341
2-Chloroethyl o-chlorobenzoate 1540 1541 1552 1538 1549 1559
2,2-Dichloroethyl o-chlorobenzoate 1629 1637 1651 1628 1638 1653
2,2,2-Trichloroethyl o-chlorobenzoate 1706 1717 1732 1697 1708 1726
Ethyl m-chiorobenzoate 1316 1305 1316 1317 1318 1335
2-Chloroethyl m-chlorobenzoate 1537 1540 1551 1535 1542 1555
2,2-Dichloroethyl m-chlorobenzoate 1624 1632 1646 1618 1627 1643
2,2,2-Trichloroethyl m-chlorobenzoate 1688 1700 1715 1678 1690 1705
Ethyl p-chlorobenzoate 1317 1306 1316 1318 1323 1336
2-Chloroethyl p-chlorobenzoate 1537 1540 1551 1536 1544 1558
2,2-Dichloroethyl p-chlorobenzoate 1625 1633 1647 1622 1635 1647
2,2,2-Trichloroethyl p-chlorobenzoate 1692 1702 1717 1683 1696 1711

unchanged under various temperature-programmed and isothermal operating con-
ditions; the variations between that of the closely related m- and p-isomers observed
on OV-351 are negligible, however.

The Kovats retention indices of the aromatic esters investigated, obtained on
SE-30 and OV-351 at a variety of temperatures, are presented in Tables II and III.
Fig. 3 shows the retention indices on both stationary phases at 160°C, together with
the retention enhancements that occurred on the polar column.

As usual, the retention increases with temperature, the effect being most pro-
nounced on a polar column (Table III). As is evident in Fig. 3, the retention en-
hancement on SE-30 is linear with different levels of chlorine substitution, unlike that
obtained on OV-351. The enhanced retentions on a polar column presented in Table
III and Fig. 3 are 538-743 retention index units (i.u.) with benzoates, 555-784 i.u.
with p-chlorobenzoates, 566-794 i.u. with m-chlorobenzoates and 640-853 i.u. with
o-chlorobenzoates. The ethyl esters show the smallest and the mono- and dichloro-
ethyl esters the greatest differences between the highly polar and low-polarity sta-
tionary phases (Fig. 3). The retention index ratios shown in Table III are close to
1.50, increasing for the esters in the following order: trichloroethyl < ethyl <
dichloroethyl < monochloroethyl and p-chlorobenzoate < m-chlorobenzoate <
benzoate < o-chlorobenzoate. The differences between the isomeric benzoates are
negligible, however.

By comparing the retention behaviour of n-alkyl benzoates and monochloro-
benzoates! with that of the w-chloroethyl esters studied in this work, it was found
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Fig. 3. Retention indices (I) for ethyl and w-chloroethyl esters of benzoic and o-, m- and p-chlorobenzoic
acids, obtained on SE-30 and OV-351 at 160°C, and the retention enhancements that occurred on the
polar column, ie., IOV-SSI - 135.30 (Tables II and III)

that on SE-30 the 2-chloroethyl esters are eluted later than the butyl esters, the 2,2-
di- and 2,2,2-trichloroethyl esters appearing between the pentyl and hexyl esters.
Thus, one w-chlorine substituent in the alkyl group is equivalent to ca. two methylene
groups, 2-3 w-chlorine atoms corresponding to ca. 3-4 methylene groups. On OV-
351 the influence of the w-chlorine substituents are more pronounced, viz., one chlo-
rine atom is equivalent to ca. 4-5 methylene groups, 2-3 chlorine atoms being equiv-
alent to 5-6 methylene groups. The corresponding comparison between n-alkanols
and w-chloroethanols showed an even greater effect of the chlorine substituents on
the polar stationary phase’.

The incremental effects for the chlorine substitution in both the acyl and alkyl
chains of the esters are shown in Tables IV and V, obtained with one temperature-
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TABLE VI

SEPARATION BETWEEN MONOCHLOROBENZOATES ON SE-30 AND OV-351 AT 160°C AND
THE RETENTION INCREMENT RATIOS BETWEEN THE COLUMNS

Retention increment® Ester series
Ethyl 2-Chloroethyl 2,2-Dichloroethyl 2,2,2-Trichloroethyl
SE-30 column
Al,.q 168 169 168 172
Al 161 162 157 154
Alp g 166 164 165 160
Al — ALy 2 5 3 12
Mpct — Ay 5 2 8 6
0OV-351 column
Al 270 275 278 285
Al 189 208 208 182
Al 183 202 206 188
Al ot — Al 87 73 72 97
Al — ALy -6 -6 -2 6
Alpy.3s1/AIsg-30
o-Cl 1.61 1.63 1.65 1.66
m-Cl 1.17 1.28 1.32 1.18
p-Cl 1.10 1.23 1.25 1.18
* Al =1 R — I

programmed and isothermal operation on SE-30 and OV-351, respectively. Separa-
tion between monochlorobenzoates on both columns at 160°C is shown in Table V],
which also gives the retention increment ratios between the columns.

Although the retention increments are not presented at a variety of tempera-
tures, it is evident (Tables II and III) that the increments remain fairly constant on
SE-30, but increase with temperature on OV-351. It is also clear that particularly on
SE-30 (Tables IV and VI) the chlorine substitution in the alkyl chain has a negligible
influence on the incremental effect for the chlorine substituent in the acyl chain. The
increments on SE-30 at 160°C are in the ranges 168-172 i.u. for o-, 154-162 i.u. for
m- and 160166 i.u. for p-chlorobenzoates. On OV-351 the corresponding increments
are increased, particularly with the o-isomers, owing to the maximization of the polar
effects?, i.e., 270-285 i.u. for o-, 182-208 i.u. for m- and 183-206 i.u. for p-chloro-
benzoates (Tables V and VI). The increment with the o-isomers increases with in-
creasing degree of chlorination, obviously owing to the increased loss of electron
density occurring in the phenyl ring. This causes the enhancement of the retention
of the o-isomers with respect to the parent esters on a polar OV-351 phase containing
electron-donating groups!. With the m- and p-isomers the greatest effects are shown
by the mono- and dichloro esters, being markedly lower with the trichloro esters.
This would indicate the most electron-deficient ring of the former esters.

The incremental effects for the chlorine substituents in the alkyl chain as pre-
sented in Tables IV and V show that the acyl group has a small influence on the
increments, particularly on SE-30. The increments for the first, second and third
chlorine atoms on SE-30 at 160°C are in the ranges 221-224, 85-91 and 61-70 i.u.,
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respectively (Table IV). As with the corresponding alcohols?, the effect decreases with
increasing degree of chlorination, unlike with the chlorinated acetic acid esters®-1°,

On a highly polar OV-351 stationary phase (Table V) the increment for the
first chlorine atom is increased up to 428-447 i.u., that for the second chlorine atom
being in the same range as on SE-30, i.e., 90-94 i.u. Unlike 2,2,3-trichloroethanol’
and like the esters of trichloroacetic acid®-19, the third chlorine atom shows a reduc-
tion in the retention, viz., from —22 to — 55 i.u., the retention decrease being greatest
with m-chlorobenzoate (Table V). The reductions observed are in the same range as
with the acetate esters, owing to the increased influence of steric effects on the polar
stationary phase8.

The retention increment ratios between the highly polar and low-polarity col-
umns as presented in Table VI indicate that the polar effects are maximized with the
o-isomers and particularly with the trichloroethyl ester. With the m- and p-isomers,
however, the polar effects are maximized with the dichloroethyl esters, whereas with
further chloro substitution the steric effects are the most apparent, as shown from
the lower increment ratios of the trichloroethyl esters. Possible reasons for the phe-
nomena observed are as mentioned above and in the previous papers!-!1,
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