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Observations on the gas-liquid chromatography of n-monocalkenes with
reference to the systematic identification of esters of unsaturated fatty
acids through separation factors and log retention time plots

Introduction

Separation factors between :any two materials in gasIqund domomeatography may be:
defined as the greater retention time divided by the lesser metemttion timme.. Im the: case:
of the methyl esters .of unsaturated fatty @adids an polyester substrattes it as beem
possible to show that systematic melationships esist by separatiom factors amomg
various acids of :any one fixed chain length dependent cm the reltive positions of
single double bonds or of mormal methyvlene-imterrmptted mmltiple double bomd sys-
tems!+2. These separation factors, designated type I amd type I, are virtmallly mde-
pendent of chain length :and number of double bonds providied tihe differences 1m the
number of double bonds :are the same. It has been furtier sngrested thatt these sepana-
tion factors would also :apply to related unsatmrated materialls, imdndime rydrocanr-
bons such as the n-alkenes.

In the type I :and type 11 separation factors establidhed for tie metiy] estters off
unsaturated fatty acids it was possible, throngh waryimg tie mumiber of donlHe bomndks;,
to fix either the carboxyl end chain (the indmsive mummber of carlbom atoms fromn tthe:
carboxyl group to the center of the first double omd) ar the endl cartbom ciaim (e
inclusive number of carbon atoms between the centier of the last domible bomd! amd! the:
terminal methyl group). In the type III separation facters the samme emd comceptts: age:
applied to chains of the same length containing the same mumber of domble bomds im
isomeric positions. The tvpe I and type I melatiomships cammot be showm wiitin the:
available hydrocarbon data, but the type Il system be exsplored,, usimg the:
terms ‘‘long end carbon chain” and “‘short €nd carbon diain™ to refer to tihe respective:
chain portions on either side ©of the center of the donble bond im the z-momonlkemes..
The effects of the different positions ©f the double bond systems for type I amd 1T
separation factors in the case of the longer dhaim fatty adids were asoribed to relative
changes in volatility due to the three<carbon dhamges im the lemptihs of the carbosyll
end chains and the end carbon chains. This was based om the observatiom that as the
double bond in octadecenoic fatty acids approadhed «ither the carbosyl group?, or
particularly the terminal methyl group?-4, of the fatty acid dimim the retemtion time:
increased- drastically. A similar observation may be made im part with octade-
cadienoic esters®, while in the case of saturated esters of commom dhaim lemgtin tHe:
same rule of increasing retention time is observied as either the adid or alkool mobety
of the chain is reduceds. In the latter examyple tiis may be compared withh kmomm
boiling points of similar esters of shorter dxain lemgitihs”, smppestime that the mcreased!
retention time is associated with a higher boilimg gpoimnt..

The separation factors to be examined are therefore of the type I system,
with one double bond in various positions. The particular relatiomsinps are set wp om
the basis of the ratios of the “‘short end carbon dixaims” amd are hmited to pairs of
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alkenes with short end carbon chains of 1, 2 and 3 giving ratios of 2/3, 3/1 and 2/1. The
appropriate separation factors will therefore be found under these headings in Table I.

Discussion

In the case of the gas-liquid chromatography of certain 7-alkenes on a polvester
substrated (Table I-B, Column V) the z/1 separation factors for the cis-hexenes and
cis-pentenes are not the same, nor are the ¢rans examples. Moreover the cis and trans
forms of the same alkenes do not separate, indicating that on this polar substrate,
although the retention times are in order of boiling point for the isomeric alkenes of
the same chain length, there must be a further overriding influence, that of inductive
forces from the respective end carbon chains, which would change the polarity of the
double bonds in their interaction with the polyester. If the 2/1 separation factors for
the butenes are also considered (1.43 at 50° 1.33 at 100°), an alternating order of
magnitude is apparent. The reversal of the relative magnitude of the separation
factors for the pentenes with temperature increase further indicates that at moderate
temperatures complex interactions govern the retention times of isomeric alkenes on
polar substrates and hence the type I11 separation factors. However, as the temperature
increases these same data indicate that the differences in the 2/1 separation factors
for various chain lengths become less. Certainly the polarity of the 1-hexenes and 1-
pentenes is notably altered, since they no longer separate from the corresponding
alkanes at 100° In the gas-liquid chromatography of the longer-chain unsaturated
fatty acid esters with more centrally located unsaturation, inductive effects should
play only a minor role in positional isomer separation at normal operating tempera-
tures (180°-220°), although this would not apply to double bond systems very near
the carboxyl group®. For example in the type II separation factors?® it would be un-
reasonable to expect the inductive effects from the 3, 6 or g carbon atom end carbon
chains to act universally on double bond systems containing from one to six double
bonds.

A potential variable which has not been explored in alkene separations at moder-
ate temperatures on polyester substrates is the physical state of the substrate. It
has recently been shown?!? that the performance of inert solid and liquid hydrocarbon
substrates in the gas-liquid chromatography of alkanes may differ drastically.
Dependent on temperature, a polyester substrate might be solid, solid with a film of
amorphous low molecular weight or degraded polyester, or a homogeneous liquid,
with consequent variation in polarity and behaviour.

In contrast, examination of retention times at 24° for both c¢is and {rans 2- and
3-alkenes in relation to 1-alkenes, on SF-g6, an inert substrate!! (Table I-A, Column I),
not only gives very good correlation of retention times and boiling points, but also
good agreement in the separation factors for the cis-heptenes and cis-hexenes. The
cis-pentene data also agrees reasonably well, but the retention times for the shorter
chain materials are not necessarily as satisfactory as for the longer chain materials2.
Thus there is reason to believe (see also log plot discussion below) that the retention
time for 1-pentene may be slightly low, and it will be noted that a relative retention
time of 0.32 in lieu of 0.31 for this material would markedly improve the 2/x1 separation
factor correlation. This does not necessarily reflect on the accuracy of the experimental
data, but rather on the number of significant figures in the particular relative reten-
tion time.

J. Chivomatog., 12 (1963) 27127
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These observations suggest that in the case of the c¢is hydrocarbons on an ‘‘inert”
substrate it may not be necessary to have the same ‘‘long end carbon chains” in
order to have the same values for separation factors based on the ratios of the ‘“‘short
end carbon chains” only, provided that the number of carbon atoms in the ‘‘long end
carbon chains’’ exceeds four or possibly three. This is in agreement with the type III
separation factors obtained with polyunsaturated fatty acid esters on polyesters?,
where in those pairs of acids of common end carbon chain ratio the position of the
unsaturation in relation to the carboxyl group is of little significance, provided the
number of double bonds involved is the same in the various pairs of acids (e.g. 11,14-
and 8,1r-eicosadienoates and 9,12- and 6,9-octadecadienoates, end carbon chain
ratios both 6/9, have respective type III separation factors of 1.05 and r.04). In-
ductive forces are therefore unlikely to affect these separations. The particular acids
in each set of pairs are those which may be respectively related by a linear log plot13.14,

Unfortunately the necessary data for longer chain hydrocarbons to support this
view are not available, but some comparison may be made of data from different
workers using the same shorter chain c¢zs hydrocarbons on other ‘‘inert’ substrates.
At nearly the same temperature, data for a hexadecane column (coupled to a short
section of column packed with #-propyl sulfone and 2,4-dimethylsulfolane)!® agrees
very well in the case of the cis-hexenes and cis-pentenes (Table I-A, Column II).
At a somewhat higher temperature, 50°, silicone grease® also gives reasonably similar
values, although these do not correlate at 100° (Table I-B, Column III). At the same
elevated temperatures D.C. 200 silicone 0il® (Table I-B, Column IV) gives very poor
correlation. It will be noted that with the silicone grease both the cis and ¢rans
separation factors increase with increasing temperature, whereas with the silicone
oil they decrease, suggesting that one of these last two substrates may not be truly
non-polar (D.C. 200 silicone oil has been reported to be more polar than squalanel®).

In the frans alkenes the situation is less clear, owing to the anomalous boiling
point and retention time for the ¢frans-3-hexene. The separation factors on hexadecane
are interesting since the frans-hexene separation factors are virtually the same as
those obtained for the frans-heptenes on SF-g6. Unfortunately the former cannot be
considered entirely reliable owing to the possible slight influence of the short length of
mildly polar substrate preceding the hexadecane, although this does not seem to
have an appreciable effect on the cis values, or on the {rans 2/1 short end carbon
chain ratio separation factor. In the case of the {rans alkenes the silicone grease and
D.C. 200 silicone oil separation factors are both in poor agreement with the SF-g6
data.

In lieu of the common practice of plotting log retention time against boiling
point, the log retention time data for the SF-g6 column were plotted against number
of carbon atoms!3:1¢, The C, points only partly fit the other data since the errors in
relative retention time may be relatively large, but some significant correlations may
be found. The cis-2-, cts-3- and frans-z-alkene lines are all parallel, and if the point
for 1-pentene is slightly in error (see above), the r-alkene line is also parallel to these.
The trans-3-alkene line is abnormally inclined to the others owing to the anomalous
trans-3-hexene point, and none are parallel to the z-alkane line. The latter is, however,
based on data'? at 25°. The results are therefore broadly similar to those suggested for

positional isomers of methyl esters of certain polyunsaturated fatty acids on polyester
substrates!3.

J. Chromatog., 12 (1963) 27x-276
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Conclisions .

On limited evidence it appears that as operating temperatures increase, inductive
effects in #-alkenes governing the polarity of the double bonds decrease, suggesting
that other influences must govern the gas-liquid chromatographic separation of
isomerically unsaturated materials on polar substrates at elevated temperatures.

The examination of hydrocarbon retention times on various substrates from the
point of view of separation factors and in one case of the linear log plot system
supports the viewpoint that these systematic relationships in the gas-liquid chro-
matography of unsaturated fatty acid esters on polyester substrates may be largely
based on similarities in volatility due to contributions from similar structural elements.

The application of systematic separation factors to the analysis of hydrocarbon
mixtures on strictly inert substrates may be useful if such mixtures are essentially
straight-chain alkenes and if the relationships proposed can be shown to hold for
longer chain materials where reference compounds of known structure may not be
readily available.
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