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SUMMARY

Retention indices of 38 acrylate and methacrylate monomers at different col-
umn temperatures are reported. The temperature dependences of the retention indices
and the incremental effects of the methylene group were determined on non-polar
(OV-101, SE-54) and a polar (SP-1000) capillary column, operated isothermally be-
tween 80 and 200°C.

INTRODUCTION

Acrylic and methacrylic acid esters are produced on a large scale for a number
of technological applications. However, these compounds have associated health haz-
ards and environmental effects. The importance of chromatography, especially gas
chromatography (GC), in the analysis of acrylates and methacrylates has grown con-
siderably since the 1970’s. Thus, GC is now the most frequently used method for the
analysis of such monomers.

More than 100 papers have been published on the GC of individual aliphatic
alkyl esters of acrylic and methacrylic acids. However, there are few reports dealing
with the GC of long-chain alkyl acrylates and methacrylates!. Gas chromatographic
studies of homologous series of C;—Cs alkyl esters of acrylic and methacrylic acids
on packed columns have been published only by Haken and co-workers?:3,

The present study concerns the effects on retention behaviour of both the col-

* For Part I, see ref. 4.
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umn temperature and the number of carbon atoms in the alkyl chain for C;—C,q
alkyl esters of acrylic and methacrylic acids on non-polar (OV-101, SE-54) and polar
(SP-1000) capillary columns at temperatures between 80 and 200°C.

EXPERIMENTAL

The esters, cither prepared in the laboratory or of commercial origin, were
characterized as previously reported*.GC analyses were carried out on a Varian
Model 3700 instrument equipped with a flame ionization detector. The injector and
detector temperatures were 200 and 250°C, respectively, for the higher alkyl esters.
The glass capillary columns used were a laboratory-made OV-101 (19 m x 0.28 mm
I.D.), SE-54 (30 m x 0.24 mm 1.D.) supplied by Supelco (Bellefonte, PA, U.S.A.)
and SP-1000 (46 m x 0.23 mm 1.D.) supplied by SGE (North Melbourne, Australia).
Nitrogen was used as carrier gas with a splitting ratio of ca. 1:100. The column
temperatures used were 80 and 120°C with both injector and flame ionization detector
operated at 200°C, and 170 and 200°C with injector and detector temperatures of
250°C, respectively, for analysis of higher alkyl esters.

Retention times were measured from the time of sample injection by a re-
porting integrator Autolab System IV (Spectra-Physics). The retention indices were
calculated off-line using a TI-58C calculator, the dead time being first determined
using the retention of methane. The average values of the retention indices presented
were calculated from five to ten measurements.

RESULTS AND DISCUSSION

The retention indices of all 38 C,—C,¢ alky! esters of acrylic and methacrylic
acids examined are summarized in Tables I-1II. The retention indices were deter-
mined on non-polar OV-101 and SE-54 phases (Tables I and II) and on polar SP-
1000 (Table III) at the following column temperatures: 80 and 120°C for C,—Cg¢ n-
alkyl and C;—Cg isoalkyl esters; 170 and 200°C for Cs—C,, n-alkyl and 2-ethylhexyl
esters and at 200°C for C;,, Cy4, C16 and C, g n-alkyl esters.

In addition to the retention indices (/) of the studied monomers, standard
deviations are shown and the increments per methylene group, Af(CH,), and tem-
perature dependence of the retention indices expressed by 10(47/4T) were calculated.

Generally, considering the data determined on all phases used, it can be stated
that the retention indices of the studied acrylates and methacrylates are temperature
dependent. However, it is evident that the magnitude of the shifts, due to a change
in column temperature, strongly varies both with the individual ester and the polarity
of the stationary phase.

On non-polar OV-101 (Table I) within the temperature range considered, the
retention indices of C;—Cg alkyl esters of acrylic and methacrylic acids slightly de-
crease with increasing temperature. However, in the case of higher (C¢—C;,) alkyl
acrylates and methacrylates, the temperature dependence of the retention indices can
be considered to be insignificant within the precision of the measurements.

On SE-54 (Table II) the retention indices of C,—C, n-alkyl acrylates increase
strongly with increasing column temperature, although the retention indices of the
other lower esters, with the exceptions of isohexyl acrylate and methacrylate, slightly
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decrease. The retention indices of higher (Cs—C,0) alkyl esters of acryhc acid seem
sit
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to be more sensitive to temperature on SE-54 than thos¢ of the uuusapuuuius incui-
acrylates.

On polar SP-1000 (Table III) the retention indices of ali acrylates and meth-
acryla[es studied increase with lncredsmg column temperature. The shifts in the re-
tention indices of acrylates and methacrylates are more pronounced than those on
the non-polar phases OV-101 and SE-54.

Considering the retention index contribution per methyiene group (Tabies I-
III) in the alkyl chain of the esters, the correlation between retention and structure
was examined. With higher (C¢—C;¢) alkyl esters of acrylic and methacrylic acids the
AKCH,) values, calculated as the difference between the retention indices of two
successive members of the homologous series (Fig. 1), vary only slightly from the
value of 100 on the non-polar phases OV-101 and SE-54 as well as on the polar
SP-1000. These values are also comparable to the values of the slope of linear plots
(Table IV) obtained by linear regression analysis of the dependence of the retention
index on the number of carbon atoms in the alkyl chain.

The above patterns in retention behaviour are in agreement with the statement
that “in any homologous series, the retention index of the higher members increases
by 100 index units per methylene group introduced”*. However, considering the
AKCH,) values for the short chain alkyl esters of acrylic and methacrylic acids
(Tables I-III), the first members of the homologous series of both n-alkyl and isoalkyl
esters exhibit considerably different values to the other higher members.

The increments per methylene group calculated as the difference between the
retention indices of the ethyl and methyl esters do not exceed 80 retention index
units. On the other hand, when calculated as the difference in retention indices be-
tween the isobutyl and isopropyl esters the AI(CH,) values vary from 111.1 on
OV-101 to 130.7 retention index units on polar SP-1000.

Table IV lists the equations / = m + pC determined by linear regression
analysis of plots of retention index vs. the number of carbon atoms in the alkyl chain,
C, for the esters studied. The correlation coefficients of the individual data points in
relation to the line fitted to these points are also shown. The positive deviation of
the methyl esters and the negative deviation of the isopropy! esters from the plot for
higher members of the homologous series is apparent (Fig. 2) on the non-polar phases

as well ag on the nolar one. Similar behaviour occurs with homologous series of
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aliphatic esters of halogenated and/or unhalogenated acids®". It should be explained
in terms of the electronic interactions and the steric hindrance®. However, trivial

intarnratatinne anf th 1nti 1
interpretations of the deviations of the methyl and isopropyl esters can be suggested

by considering the number of C-H linkages of the a-carbon atom in the alkyl chain
of the aliphatic esters

The methyl (1), ethyl and higher n-alkyl (2), isopropyl (

isoalkyl (4) esters are conveniently represented as

f2) canbhiite] aed hisckhao
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O o O CH, o CH,

Il I Il I |
R-C-O-CH,-H R-CO(CH;,H R-C-O-C-H R-C-OACH,),C-H

(3) @)
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TABLE IV

REGRESSION EQUATIONS FOR PLOTS OF RETENTION OF n-ALKYL AND ISOALKYL ES-
TERS AGAINST THE NUMBER OF CARBON ATOMS IN THE ALKYL CHAIN, C

Ester series Phase Column Regression eqn. Correlation
temperature (°C) coefficient
C2—Cg n-alkyl  OV-101 80 I=480+ 99.2C 0.999998
acrylates 120 I=4787+ 94C 0.999999
SE-54 80 I=5048 + 984C 0.999994
120 I=5353+ 927C 0.9999
SP-1000 80 I=17972+ 9.7C 0.9997
120 I1=7915+ 959C 0.9997
C4—Cg isoalkyl OV-101 80 I=444+ 989C 0.9997
acrylates 120 I=4378+ 999C 0.9998
SE-54 80 I1=4663+ 981C 0.9998
120 I=4517+ 1009 C 0.9997
SP-1000 80 I=728+ 975C 0.9981
120 I=7144 + 1011C 0.9984
Cy—Cg n-alkyl  OV-101 80 I=5754+ 98.0C 0.99998
methacrylates 120 I=5697+ 985C 0.99999
SE-54 80 I=15892+ 982C 0.99999
120 I=5850+ 988C 0.99999
SP-1000 80 I=28555+ 918C 0.9997
120 I1=28548 + 94.7C 0.99994
C4—C; isoalkyl OV-101 80 I=5390+ 976C 0.9998
methacrylates 120 I=5321+ 985C 0.9998
SE-54 80 I=5515+ 9716C 0.9996
120 I=5447+ 91C 0.9997
SP-1000 80 I=178.7+ 947C 0.9984
120 I=17838 + 982C 0.9985
Ce—C;g n-alkyl OV-101 200 I=4700 + 1004 C 0.9999998
acrylates SE-54 200 I=13501.0+ 999C 0.99999
SP-1000 200 I=17832+ 1008 C 0.999997
C¢—C,0 n-aikyl OV-101 170 I=4726+ 100.1C 0.9999997
acrylates SE-54 170 I=4954 + 1001 C 0.99999
SP-1000 170 = 786.9 + 1003 C 0.999992
Ce—C,g n-alkyl OV-101 200 I= 5565+ 100.1C 0.999999
methacrylates SE-54 200 I=5775+1000C 0.99999
SP-1000 200 I= 8340 + 100.7 C 0.999998
Cs—C,o n-alkyl OV-101 170 I=35606+ 995C 0.999999
methacrylates SE-54 170 I= 5800+ 99.6C 0.9999998
SP-1000 170 I=28380+ 994C 0.99999

where R is the acid chain and n 1,2,3,... the number of methylene groups. A com-
parison of structures 1 and 2 reveals that three hydrogen atoms are bonded to the
a-carbon atom in methyl esters (1) but only two in the ethyl and higher #-alkyl esters
(2). Similarly, one hydrogen atom is bonded to the a-carbon atom of isopropyl esters
(3), but two in isobutyl and higher isoalkyl esters (4). Thus, tpe number of hydrogen
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Fig. 1. Plots of the retention index, I, of higher alkyl esters of acrylic and methacrylic acids versus the
number of carbon atoms, C, in the n-alkyl chains at a column temperature of 200°C on non-polar OV-
101 and polar SP-1000 phases. Ester series: 1 = C¢—C,g n-alkyl acrylates on OV-101; 2 = C4—C, 4 n-alkyl
methacrylates on OV-101; 3 = C4~C,4 n-alkyl acrylates on SP-1000; 4 = C¢—C, 5 n-alkyl methacrylates
on SP-1000.
Fig. 2. Plots of retention index, 7, of lower alkyl esters of acrylic and methacrylic acids versus the number
of carbon atoms, C, in the aliphatic chain at 80°C on non-polar OV-101 and polar SP-1000 phases.
Homologous series: 1 = isoalkyl acrylates on OV-101; 2 = n-alkyl acrylates on OV-101; 3 = isoalkyl
methacrylates on OV-101; 4 = n-alkyl methacrylates on OV-101; 5 = isoalkyl acrylates on SP-1000;
6 = isoalkyl methacrylates on SP-1000; 7 = n-alkyl acrylates on SP-1000; 8 = n-alkyl methacrylates on
SP-1000.

atoms bonded to the a-carbon atom of the alkyl chain can be correlated with the
deviations of the methyl and isopropyl esters from the retention behaviour exhibited
by homologous series of aliphatic n-alkyl and isoalky! esters.

CONCLUSIONS

The retention data summarized in this paper are useful for identification pur-
poses in gas chromatography of the industrially important group of acrylate and
methacrylate monomers under various operating conditions.

Having studied the relationship between the retention index and molecular
structure in homologous series of C,—C;g alkyl esters of acrylic and methacrylic
acids, deviations were found to be exhibited by the methyl and isopropyl esters. This
behaviour can be explained by the different configuration at the a-carbon atom of
the alkyl chains of these esters compared to those in the higher n-alkyl and isoalkyl
esters.
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