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SUMMARY

Incremental effects of the additional hydroxy, methoxy and acetoxy groups
introduced into various non-chlorinated and chlorinated positions of isomeric chlo-
robenzenes have been investigated on low-polarity and polar capillary columns iso-
thermally at 160°C. On low-polarity columns the retention increments for chloro-
phenols varied from — 59 to 359 index units (i.u.), being in the ranges —30-260 i.u.
with chloroanisoles and 68-363 i.u. with chlorophenyl acetates. On polar columns
the retentions were markedly enhanced, viz., up to 352-1293 i.u. for phenols, —3-
471 i.u. for anisoles and 223-600 i.u. for phenyl acetates. The m- and p-hydroxy
substitutions maximized the retention enhancements, which were markedly reduced
with the o-hydroxy substitution. The effects of the other substituents are not so sig-
nificant.

INTRODUCTION

Recently, a series of gas chromatographic (GC) studies aimed a maximizing
the separation of complex mixtures of various chlorinated aromatics have been car-
ried out, using temperature programming and low-polarity and polar capillary col-
umns!. The retention indices and the retention index increments for each position of
substitution, together with the effect of increasing temperature on the values, have
been discussed for seven groups of chlorinated aromatics, viz., benzenes?, phenols?,
anisoles*, phenyl acetates®, veratroles®, 2-hydroxybenzaldehydes! and 4-hydroxy-
benzaldehydes’.

This paper extends the earlier studies?>~> by showing the retention increments
of the OH, CH30 and CH;COO groups introduced into various non-chlorinated
and chlorinated positions of isomeric chlorobenzenes. The effects of each of the three
substituents on both low-polarity and polar capillary columns based on the retention
index data reported previously?—S are discussed.

* For Part XXXI, see ref. 3.
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EXPERIMENTAL

Materials

Chlorobenzenes and chlorophenols were commercial products (Fluka, Buchs,
Switzerland). Chlorophenols were converted into chloroanisoles* and chlorophenyl
acetates® by using the known methylation and acetylation methods. Commercial
mixtures of n-alkanes were obtained from different sources.

Methods

GC analyses were carried out on a Varian Model 2400 gas chromatograph or
on a Perkin-Elmer Sigma 3 instrument under the operating conditions reported
earlier?—3, Different glass or quartz capillary columns with low-polarity (SE-30) and
polar (Carbowax 20M, OV-351 or FFAP) stationary phases were used. All data
presented were recorded isothermally at 160°C and the retention indices were deter-
mined as described previously?—5.

RESULTS AND DISCUSSION

Additional group introduced into non-chlorinated positions of isomeric chlorobenzenes

Incremental effects due to an additional hydroxy, methoxy and acetoxy group
introduced into different non-chlorinated positions of isomeric chlorobenzenes, i.e.,
A4l = I, (isomer formed) — I, (benzene), obtained on low-polarity and polar
capillary columns are presented in Table I and Figs. 1 and 2. A summary of the
increments is shown in Table II and the differences in the values between the three
groups are given in Table III.

With the monochloro isomers the greatest retention enhancements are shown
by most bulky phenyl acetates, those of the 3- and 4-chloro isomers being about 360
retention index units (i.u.), reducing to ca. 330 i.u. with the 2-chloro isomer. Owing
to the smaller sizé of the methoxy substituent, the increments with chloroanisoles fall
from 74 to 113 i.u., the 2-chloro isomer showing the highest increase*. The differences
between the increments for isomeric monochlorinated phenyl acetates and anisoles
are small, in contrast to those of chlorophenols. Owing to the ortho-effect, only an
enhancement of 151 i.u. for 2-chlorophenol is observed, the retention increasing up
to 317 i.u. with the 3-(m-) and 4-(p-)chlorophenols. The values of the latter are 72
and 63 i.u. higher, respectively, than those of the corresponding more bulky anisoles,
owing to the increased polarity of phenols, giving rise to enhanced retention also on
the low-polarity columns.

With higher chlorinated isomers the increments generally fall, the trends being
almost the same as with the monochloro isomers. The hydroxy and acetoxy groups
introduced into isolated positions, i.e., positions without adjecent chlorine atoms of
the 1,2- and 1,3-di- and 1,2,3-trichlorobenzenes, show the highest increments, the
values for the 3,4- and 3,5-di- and 3,4,5-trichlorophenols being higher than those of
the corresponding phenyl acetates and even higher than those for 3- and 4-chloro-
phenols (Table I, Fig. 1). With chlorinated anisoles, however, the greatest enhance-
ments are shown by the vicinally substituted 2,3-di-, 2,3,4-tri- and 2,3,4,5-tetrachloro
isomers owing to the steric effect reported earlier*. Anisoles and phenyl acetates with
two adjacent chlorine atoms, i.e., the 2,6-di-, 2,3,6- and 2,4,6-tri-, 2,3,4,6- and
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Fig. 1. Incremental effects due to additional hydroxy, methoxy and acetoxy groups introduced into various
non-chlorinated positions of isomeric chlorobenzenes, obtained on low-polarity capillary columns at 160°C
(Table I). (A) Phenol; (@) anisole; (O) phenyl acetate. The numbers indicate the positions of chlorination.
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Fig. 2. Effects as in Fig. 1, obtained on polar capillary columns at 160°C (Table I).
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2,3,5,6-tetra- and pentachloro isomers, show the smallest enhancements. Owing to
the competing chlorine atoms, the steric effect in anisoles is prevented and the ortho-
effect in 0,0'-chlorophenols is not as pronounced as with the o-isomers, the latter
always giving smaller retention enhancements (Tables I and II).

As a summary of the data presented in Table III, it can be seen that on low-
polarity columns the differences between the increments for phenols and anisoles
varied from —129 (2,3-isomer) to 133 i.u. (3,4,5-isomer) for phenols and phenyl
acetates from — 182 (2-isomer) to 44 i.u. (3,4,5-isomer) and for phenyl acetates and
anisoles from 37 (2,3,4-isomer) to 113 i.u. (3-isomer).

With the polar columns the retention increments are markedly increased, par-
ticularly in the case of chlorophenols (Tables I-III and Figs. 2 and 3). The effects
indicated above are generally observed, the variation shown being more pronounced
owing to the polar components on more polar stationary phases.

Chlorophenols always show the highest increments, the differences between
chlorophenyl acetates varying from 37 (2-isomer) up to 813 i.u. (3,4,5-isomer) (Table
III). The differences between phenols and anisoles are from —7 to 239 i.u. higher,
being in the range 176 (2-isomer) -948 i.u. (3,4,5-isomer). In contrast to the low-
polarity columns, 2,3,4,5-tetrachloroanisole shows a 7 i.u. higher enhancement than
the corresponding phenyl acetate. This phenomenon supports the assumption of a
steric effect in o-chloroanisoles?, this effect not occurring or having a negligible in-
fluence in 0,0'-chloroanisoles and o- and 0,0’-chlorophenyl acetates. This can also be
seen from the relatively smaller differences between the increments for the 2,3-, 2,4-
and 2,5-di- and 2,3,4-, 2,3,5- and 2,4,5-trichloro isomers in these two series, compared
with the other isomers, the differences being much more pronounced on the polar
columns*, as expected (Table III and Fig. 3).

The enhanced retention increments of the various isomers are shown in Table
I and Fig. 3, falling into two general groups with chlorophenols (o-isomers and m-
and p-isomers) and chloroanisoles (o-isomers and the other isomers) (Table II). Chlo-
rophenyl acetates, however, show variable values.

°: - 11 |
600 T | | | ]
QUEERR ARSI RERARIATT!

Fig. 3. Subtractions of the retention increments, i.e., Apoar cotumns — Aiow-polarity cotumnss Of three groups
of chlorinated aromatics (Table I). (A} Phenol; (@) anisole; (O) pheny! acetate. The numbers indicate
the positions of chlorination.
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Substitution of one chlorine atom in chlorobenzenes with an additional group

Table IV and Figs. 4 and 5 show the incremental effects due to the substitution
of one chlorine atom in chlorobenzenes with hydroxy, methoxy or acetoxy groups,
obtained on low-polarity and polar capillary columns. A summary of the values is
presented in Table V.

The effects observed are almost the same as presented above, the enhancements
being lower as a consequence of the substitution, i.e., A7 = I, 1,a (isomer formed)
— Il (benzene).

Anisole, phenol and phenyl acetate on low-polarity columns show enhance-
ments of 40, 89 and 168 i.u. relative to chlorobenzene, the values increasing on polar
columns to 103, 730 and 363 i.u., respectively.

The replacement of an o-chlorine atom with a hydroxy group generally gives
rise to a reduction in the retention on the low-polarity columns, as shown in Table
IV and Fig. 4. The increments for o-chlorophenols lie in the range — 59-12 (352-731)
iu,, for the o0,0"-isomers —34-25 (362-643) i.u. and for the m- and p-isomers 141-
243 (900-1242) i.u., the values on polar columns, given in parentheses, being mark-
edly higher (Tables IV and V).

With methoxy substitution the smallest retention enhancements are shown by
the 0,6’-isomers, the increments on low-polarity and polar columns lying in the ranges
—30-4 and —3-101 i.u., respectively. With the other isomers enhanced retentions of
49-110 i.u. on low-polarity and 176-341 i.u. on polar columns are observed.

Increased retention always occurred on acetoxy substitution and it is apparent
that the increments fall into three groups, particularly on polar columns, viz., 122~

b LOW- POLAR COLUMNS
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Fig. 4. Incremental effects due to the replacement of one chlorine atom in chiorobenzenes with hydroxy,
methoxy and acetoxy groups, obtained on low-polarity capillary columns at 160°C (Table IV). (&) Phenol;
(@) anisole; (O) phenyl acetate. The numbers indicate the positions of chlorination.
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Fig. 5. Effects as in Fig. 4, obtained on polar capillary columns at 160°C (Table IV).

154 (315-340) i.u. for the o-isomers, 68-113 (223-249) i.u. for the o,0'-isomers and
182-199 (399-429) i.u. for the m- and p-isomers on low-polarity and (in parentheses)
polar columns, as shown in Table V.

Subtraction of the non-polar contributions given in Table 1V and particularly
the summary of the values presented in Table V show the relatively lower values for
0,0'-chloroanisoles and -chlorophenyl acetates and also for some o0,0'-chlorophenols
compared with the other isomers, or with the data presented in Tables I and II. This
is due to the facts that (i) vicinally substituted chlorobenzenes have higher retention
times than the other homologues, particularly on the polar column?, and (ii) an
additional group substituted into vicinal 1,2,3-tri-, 1,2,3,4-tetra-, 1,2,3,5-tetra-, penta-
and hexachlorobenzenes prevents the interaction of the chlorine atoms, giving rise
to smaller retention increments than the substitution producing the other isomers.
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