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Notes 

CHROM. 3826 

The analysis of oils and fats by gas chromatography 

VI. GalculaGon of equivalent: chain length and modified equivalent: chain 
I ength values 

The use of separation factors for the tentative identification of methylene- 
interrupted olefinic esters has been reviewed recently’. HAKEN~~$ has applied the idea 
of separation factors to the correlation of GLC retention data and structural para- 
meters by using an equation of the type: 

where 
3G = total carbon chain length 

Y = number of methylene-interrupted double bonds 

~R(z+z.?,) = ethylene-unit separation factor”I* 
V R(zc, ?/+I) = Type I separation factor” 

If eqn. (I) is put into a logarithmic form it becomes: 

ECL (~:f2,1/-l-l) = EC&,,,, + 2 + ICI (4 

where 1~ is the difference in equivalent chain length (ECL) values of pairs of esters 
used to calculate Type I separation factors, In the ECL system the ethylene-unit 
separation factor should be 2; However, it has been shownl that, for many liquid 
phases, the semi-log plot of saturated methyl esters is not parallel to those of un- 
saturated esters and the difference in ECL values of adjacent members of homologous 
series of unsaturated esters is less than 2. If modified equivalent chain length (MECL) 
value@ are used the ethylene-unit separation factors are much closer to the expected 
value of 2. If eqn. (2) is used in the form 

then agreement between calculated and determined MECL values would be expected 
to be better than between the corresponding ECL values. 

JAMIESON AND REID’ have shown that the fatty acids of the leaf lipids of 
Myosotis scor~ioides cant ain relatively large proportions of 18 : 2~06, IS : 3~06, 18 :3c03, 
and IS :4co3 and smaller proportions of 18 : Icug and 18 :o. Using the retention times 
of the methyl esters of these acids and of the mono-olefinic acids of rape seed oils as 
standards, MECL values for a number of C,, and C,, esters occuring in natural lipids 
may be calculated using eqn. (3). 

Separations of methyl esters were carried out on a PE 800 gas chromatograph 
with the following columns : 
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TABLl%I 

AVl3RAGE ETHYLBNE-UNIT SEPARATION PACTORS FOR HOMOLOGOUS METI-IYL ESTERS 

Ty$e qf 
ester 

DBGS EGSS-X BDS * 
180~ 2orJ” 

ISO0 1700 rgoo 

Saturated 2.17 I.96 1.77 I.82 1.87 
Monoene 2.oG I.90 1.75 I.75 1.81 

Dime 2.oG I.90 I.75 1.78 I.SI 

Triene 2.oG I.90 I.77 1.79 I.79 
Tctracne 2.06 I.91 1.76 r.78 I.79 
Pontacne 2.04. I.90 1.73 1.78 I.81 

(i) EGSS-X, 50 m x 0.5 mm stainless steel, open tubular; 180~ 

(ii) BDS, 8% on WMDS Chromosorb W; G ft. x & in. stainless steel; zoo0 
ECL values were calculated from the retention data using saturated methyl esters 
as standards; MECL values were calculated using the retentions of mono-olefinic 
methyl esters from rape seed oil as standard&. ECL and MECL values on DEGS 
were calculated from the retention data of ACICMAN~. 

Resadts ad discarssio~z 
Table I shows ethylene-unit separation factors obtained by considering fatty 

acid methyl esters of different homologous series; a homologous series being defined 
as one with varying chain length, the same n *..mber of double bonds and a constant 
carbon-end chain in each series. It is apparent that, with the stationary phases 
examined, there is a greater constancy between the different series of olefinic esters 
than between these esters and those of the saturated seri.es. In a semi-log plot of 
retention ZJS. chain length the lines for the olefinic esters would be virtually parallel 
to each other but would converge with the saturate line. 

TRBLEIL 

161 VALUES FOR FAIRS OF lE+TERS USED TO CALCULATE TYPE I SEPARATION FACTORS 

Carbon-en.d DEGS EGSS-X BDS 
chain ratio 180” 2oo” 

rjjoO I700 rgo0 

G/o 0.51 0.51 0.51 0.5G 0.38 
S/I I 046 0.47 0.52 0.54 0.30 
518 0.29 0.43 0.53 0.44 0.22 

417 04.2 0.43 0.4G 0.53 0.28 

Separation factors obtained by difference of ECL values of pairs of esters used 
to calculate Type I separation factors are shown in Table II. As has been found 
previouslyO there are variations in these values depending on the respective carbon- 
end chains. The variations for these values on DEGS decrease as the column temper- 
ature increases. 

1. Ch’OWZdO~., 39 (1969) 71-74 
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Using eqns. (2) and (3), ECL and MECL values of esters of the type (x + 2, 
y + I) and (x + 4, y + 2) were calculated from the values for the C,, esters (x, y) and 
the results are shown in Table III. The deviations of calculated values from de- 
termined values are less when MECL is used rather than ECL, the only exception 
being those values from DEGS at Igo’. With the C,, esters the largest deviations are 
in the results for the 20:4wG and 20:5c03 esters. For tllese esters a Type I 5/S sepa- 
ration factor would give closer agreement than the use of the larger 6/g value calcu- 
lated from the C,, esters. 

The above method of calculation could he estcnded by the use of Type II 
separation factors, e.g. for the EGSS-X column : 

MECL20:zuo = MECL20:4WS - Type II,/, = 22.32 - 1.76 = 20.56 (determined 
20.63) 

MECL20:3(,,D = MECLzozewI, - Type II,/, = 21.98 - 0.75 = 21.23 (determined 
21.19) 

Thanks are due to the Science Research Council for financial assistance for the 
project of which this is a part. 
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