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PART III. INFLUENCE OF STATIONARY PHASE POLARITY ON
RETENTION OFF ALIPHATIC ESTERS

I. D. ALLEN" AND J. K HAKEN"

Department of Polymer Science, The Unwersity of New South Wales, P O. Box 1, Kensington,
N.S.W 2033 (Australra)

(Received March roth, 1970)

SUMMARY

The retention behaviour of a number of series of saturated homologous esters
on polysiloxane stationary phases of increasing polar character is reported.

INTRODUCTION

The retention behaviour of homologous saturated esters on the essentially non-
polar Methyl Polysiloxane SE-30 stationary phase has been reported!. With little
hydrogen bonding occurring, retention was primarily related to the boiling point of
the esters. The familiar deviation of the retention of the methyl esters from a linear
relationship with carbon number was observed while a similar effect was apparent
with isopropyl esters. These variations were largely attributed to the generally higher
and lower boiling points, respectively, of the methyl and isopropyl esters with respect
to the other members of the homologous series rather than to any column effect.

The esters were conveniently represented as

O

I
R-C-O-R’

where the carbon numbers of the acid and alcohol chains are R and R’, respectively.
The data of homologous esters on an SE-30 stationary phase when considered
with regard to boiling point showed the following features common to retention
behaviour:
(1) The slopes of plots representing esters with the same number of carbon
atoms in the acid chain (R) decreases as the value of R increases.

* Present address Colonial Sugar Refining Co. Lid., Broadwater Mill, Richmond River,
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(2) The methyl esters have slightly higher boiling points than expected from
the slopes of the corresponding ester plots, while that of methyl formate shows a
linear relationship with the alkyl formates.

(3) The isobutyl and isopentyl esters have boiling points relatively constantly
lower than the corresponding z-alkyl esters, while the slopes of the boiling point plots
of these series are parallel to those of the #n-alkyl esters.

(4) The isopropyl esters have boiling points lower than expected from the
slopes of the plots of the higher isoesters.

(5) The boiling points of esters where either R or R’ or both of them have
branched chains similarly tend to follow the retention behaviour.

In this work the retention behaviour of aliphatic esters with R and R’ varying
between 0 and 6 and between 1 and 8, respectively, on silicone stationary phases of
increasing polar character is reported and the results are compared with the earlier
observations!.

The gas chromatography of aliphatic esters has been extensively documented?
and systematic studies relevant to this work have been previously reviewed!.

EXPERIMENTAL

Preparation of esters

The esters where available were of commercial quality and of substantial purity.
The remainder of the esters were prepared in the laboratory using conventional
esterification or transesterification procedures and were purified before use.

Stationary phases

The stationary phases were all polysiloxanes. The Methyl Silicone Polymer
SE-30 without effective polar groups on the polymer chain can be considered as
essentially non-polar.

TABLE 1

ROHRSCHNEIDER CONSTANTS OF STATIONARY PHASES

Phase X Y 4 U S

SE-30 0.16 0.20 0.50 0.85 0.48
OV-17 1.30 1 66 1.79 2.83 2.47
OV-25 1.76 2.00 215 3.34 2.81
XE-60 2.08 3 385 3.62 5.33 3.45

Replacement of methyl groups by polar or polarisable substituents allows an
increase in the polarity factor of the stationary phase. The polysiloxanes OV-17 and
OV-25 containing 50 and 75%, phenyl groups based on substitution of methyl groups
in a dimethyl-polysiloxane polymer have been used together with XE-60 with a 50%,
replacement of methyl groups by cyanoethyl groups.

Classification of stationary phase characteristics in terms of Rohrschneider
constants for the polysiloxanes used? is shown in Table I.
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Gas chromatography

The retention data were obtained on a modified F & M 810/29 Research Chro-
matograph with simultaneous flame ionisation and thermal conductivity detection
and fitted with an improved flow control system. Two 12 ft. X }in. O.D. aluminium
columns were packed with 109, of the stationary phase on 60-80 mesh acid-washed
and silanised Celite 560 and operated isothermally at 150°.

With thermal conductivity detection the following conditions were used: in-
jection temperature, 19o°; detector temperature, 220°; bridge current, 150 mA;
carrier gas, helium; flow rate, 65 ml/min with an inlet pressure of 40 p.s.i.

The retention data of the esters examined are shown in Table II as net retention
(Vg), relative retention (¥ g) using nonane as standard, and as retention indices (I ).

DISCUSSION AND RESULTS

Plots of the logarithm of the relative retention volume against the number of
carbon atoms in the alcohol chain (R’) for the normal and isoesters produced a series
of linear relationships for each of the stationary phases. Plots of the esters examined
on OV-25 are shown in Fig. 1.

Positive and negative deviations from linearity existed with the methyl and
isopropyl esters on all four stationary phases. With SE-30 and OV-17 the slopes of the
plots decreased as the number of carbon atoms in the acid chain increased, 7.c. R
equals o to 3, after which the plots are parallel. With OV-25 the greatest slope was
observed with the acetate esters while the formate and propionate esters produced

20ob A

CXG=IGTIMON

Q4

1 2 3 4 5 6
Number of C atoms in alcohol chain (R’)
Fig. 1. Plots of the logarithm of the relative retention volume versus the number of carbon

atoms in the alcohol chain of saturated esters on OV-25 stationary phase with varying alcohol
chain (R’) length with R’ forming both normal and 1soesters while the acid chain (R) 1s hinear,

A = C,H,,COOR’, B = C,H,,COOsoRR’, ¢ = C,H,COOR’;
D = C,H,CO0isoR’, E = C,H,COOR’, F = C,H,COOisoR’;
G = C,H,COOR’, H = C,H,COOisoR’; T = CH,COOR’;
J = CH,COOisoR’, K = HCOOR’, I. = HCOOisoR’.
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parallel plots as did the butyrate, pentanoate and hexanoate esters, but of slightly
lower slope. A different behaviour is observed with XE-60, where the slopes are all
very similar but with the propionate esters having a slightly greater slope than the
other ester series.

When the number of carbon atoms in the acid chain was three or more, an
incremental increase in the carbon number in either the acid or alcohol chain resulted
in an increase of 95, 97, 96 and 100 retention index units per methylene group using
the stationary phases SE-30, OV-17, OV-25 and XE-60, respectively. With the alkyl
formates on SE-30 an increase of about 108 retention index units per methylene group
in the alcohol chain was observed while on the other phases the differences in slope
of the formate and other ester lines were lower and the differences in retention indices
were accordingly less.

The increased and decreased retention of the methyl and isopropy! esters on the
four phases are shown in Table III.

TABLIZ 11

RETENTION INDEX VARIAIION FOR MELIIYL AND ISOPROPYL ESTERS

Esters Stationary phase

SIz-30 OVe-ry OV-25 XIZ-6o
Mcthyl 30 35 3o—40 25—50
Isopropyl 20 25 25—35% 15—30

& Isopropyl formate cxhibited a decrcased retention of nearly 50 index units

The relative retention of the various esters when plotted against the number of
carbon atoms in the acid chain (R) produced a series of essentially linear relationships
on the various stationary phases. The plots for esters on the OV-25 and XE-60 phases
are shown in Fig. 2.

The normal esters where R == 4, 5 and 6 produced parallel plots while esters
where R = o to 3 showed a gradual decrease in slope from R == 0 to R = 3.

Plots of this type have been shown! to accentuate the difference in retention
behaviour of methyl formate and the other methyl esters on SE-30. The same effect
is apparent with the OV-17 and OV-25 phases but with XE-60 the reverse behaviour
occurs, ¢.c. methyl formate and the other methyl esters produce a linear relationship
while the formates in the other plots show an increased retention in Figs. 2a and b.
The difference is shown in Figs. za and b, with results on OV-25 and XE-6o0 stationary
phases. With chromatography on the XE-60 stationary phase and to a lesser extent
on OV-25 it was apparent that the fit of the points to the various plots was not as
satisfactory as with SE-30 and OV-17 or with the a-alkylacrylic esters on the SE-30
stationary phase where linear plots with the acid carbon chain (R) as an ordinate
wetc first reported?. IFurther studies are being undertaken using polysiloxane station-
ary phasc with Rohrschneider constants intermediate between OV-25 and XE-60 and
greater than XIE-60 using both aliphatic and olefinic esters such that the applicability
of the relationship shown in FFig. 2 can be more widely examined.

J. Chromatog., 49 (1970) 409-418
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X == I0MMOND>

Q.1 s 1 1 1 .
o ] 2 3 T B ol — : 3 3 7; 5
Number of C atoms in acid chain (R) Number of C atoms in acid chain (R)

Fig 2. Plots of the logarithm of the relative retention volume versus the number of carbon
atoms in the acid chain of saturated esters on (a) OV-25 and (b) XE-6o stationary phases with R
of both normal and isostructure while the alcohol chain is linear.

A = RCOOC,H,,; B = isoRCOOC,H,,, C = RCOOCH,,;
D = 150RCOOC,H,,, E = RCOOCH,; F = isoRCOOC,H,,
G = RCOOC,H,; H = isoRCOOC H,, I = RCOOC,H,,
J = 130RCOOC,H,, K = RCOOCH,, I. = isoRCOOCH,,.

It has been shown with SE-30 that normal and isoesters having the same carbon
number in the acid chain (R) exhibit a constant decrease in retention index, but the
decrease varies for esters of different acid chain length?®. A similar situation exists with
chromatography on the other phases and the incremental decreases for the various
ester series on each phase is shown in Table IV,

No worthwhile conclusion can be drawn from this comparison. It is evident,
however, that the earlier observation?! that as the number of carbon atoms in the acid
chain increases, the decrease in retention duc to branching in the acid chain is reduced,
is not generally apparent.

The effect of branching in the alkyl groups on both sides of the carbonyl group
are shown in Figs. 3 and 4.

TABLE IV

RETENTION INDEX DECREASES ON BRANCHING IN THE ACID CHAIN

Carbon Stationary phase

number

in acid SE-30 OV-17 OV-25 XIE-6o
chain R

3 47 59 55 45

4 43 47 60 75

5 35 49 41 39

J. Chromatog., 49 (1970) 409—418
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Fig. 3. Plots of logarithm of relative retention versus number of carbon atom 1n the alcohol chatn
of saturated csters on OV-17 stationary phase with isoalcohol chains (R’) and with normal and
1soacid chains.

CH,
|
A = CH,CH,CH,CH,CH,COOsoR’, B = CH;—CH—CH,—CH,COO1s0R’
CH,
|
C == CH,CH,CH,CH,COO1s0R’, D = CHy—CH—CH,COO10R’,
CH,
[
E = CH,CH,CH,COOi-0oR’, I’ == CHyp—CH—COOisoR’

Tig 4. Plots of logarithm of relative retention versws number of carbon atoms in the alcohol
chain of narmal saturated esters where R = R’ on (a) SIE-30, (b) OV-17, (c) OV-25 and (d) XE-Go
stationary phases

Plots of relative retention for the isoalkyl esters with respect to the isoalkyl
branched acid chain esters are shown in Fig. 3 for the OV-17 phase and it is evident
that branching of the acid chain reduces the retention of the isoalkyl esters by a
constant factor for esters with a constant number of carbon atoms in the acid chain.
The retention index differences for the four phases are shown in Table V.

The effect of the carboxyl group on the retention of the n-alkyl esters is ap-
parent from Fig. 4. An essentially linear relationship for esters with the same number

TABLE V

EFFECT OF BRANCIIING OF ISOALKYL LES1ERS

Acid Stationary phasc

chan

length SlZ-30 OV-ry OV-25 XI:-60
3 40 5o 63 57

+ 46 59 64 52

5 30 35 48 +0

J. Chromatag., 49 (1970) 400—418
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of carbon atoms in the R and R’ chains is achieved and a constant effect of the
carboxyl group by both R and R’ is indicated.

By extrapolation of the plot to zero, 7.e. R = R’ = 0, the net retention volume
of the carboxyl group was obtained. The net retention of the group increased with
increasing polar character of the column and is approximately 304, 410, 450 and 520
retention index units for the SE-30, OV-17, OV-25 and XE-60 stationary phases,
respectively.

Examination of the actual retention characteristics on the four stationary
phases shows that relative retention volumes on less polar phases are smaller. The
retention volume of the hydrocarbon reference compounds decreases with increasing
polar character of the column such that esters on the XE-60 phase had the smallest
denominator and thereby the highest V'r and Ip, the net retention being highest on
the least polar phase.

ACKNOWLEDGEMENT

The authors are indebted to the Colonial Sugar Refining Company Limited for

a scholarship to one of us (I.D.A.) during the period that this investigation was
undertaken.

REFERENCIES

1 R. W, GERMAINE AND J. K. HAKEN, J. Chromatog., 43 (1969) 33.

2 O. E. Scuurpr AND J. S, LEwis (Editors), Gas Chromatographic Data Compilation, 2nd Ed,,
A.S.T.M. Special Technical Publication DS 25A, Philadelphia, 1967.

3 Supelco Inc., Bellefonte, Pa.,, Product Catalogue 1970,

4 J. K. HakeN, T, R. McKAY AND P, SOUTER, [J. Gas Chromatog., 3 (1965) 61.

J. Chromatog., 49 (1970) 409—418



