
Note 

Gas-liquid chromatographic separation of geometric isomers of unsatuated 
fiatty add methyl esters using a glass capillary column 

The ci$ trarzs and certain positional isomers of unsaturated fatty acids are of 
potential biochemical intere&. ~Many methods for the separation of geometric and 
positional isomers of mono-, di- and triethylene unsaturated fatty acid methyl esters 
have been rep~rted~-~_ T5e advent of hi-&y polar polysiloxane stationary phases 
such as SF-2340,OV-275, Silar-IOC and Silas-9CP have made it possible to separati 
geometric and positional isomers of fatty acid methyl esters These cyarropropyl- 
siloxane stationa~ phases have high polarity and temperature stability. In this work 
the highly polar stationary phase SS4, a cyanoethyi polysi!oxane with good tem- 
perature stability was investigated as a glass capillary coiumn coating for the sepa- 
ratiou of mono-, di- and triethyIene fatty acid methyl esters. For linolenic acid, there 
are theoreticahy eight isomers, but as yet the eight isomers have not been separated”. 
In this study the gas chromato_mam of iinoknic acid obtained with a 60-m glass 
capillary cohmm showed eight peaks. Identikation of the isomers is discussed. The 
fatty acid composition of Iung tissue phosphohpids was also analysed using a 40-m 
glass capillary cohunn coated with SS4 

All pmx sam~Jes of c&9-hexadecenoic acid (palmitoleic acid), zrrms-9-hexade- 
cenoic acid @ahnitelaidic acid), cis-9-octadeconoic acid (oleic acid), rrm-g-de- 
cenoic acid (elaidic acid), cir-ll-ocmdecenoic acid (vaazenic acid), cis-9,cL+12- 
octadecadienoic acid (linoleic acid), trams-9, rrmLs-12-octadecadienoic acid (iinoekaidic 
acid) and cis-9,cz3-12,cis-I%ctadecatrienoic acid (hnoknic acid) were obtained 
commerciaUy. They were of known structure and their purity was better than 99%. 
Mixtures containing the ckjrrmts isomers of octadecadienoic and octade+strienoic 
acids were prepared by exposing pure linoleic acid and linolenic acid to 5(10 ppm of 
nitrogen dioxide in carbon tetrachforid&4-1s and/or according to the nitrous acid 
isomerization method16-17. The chromatograms for both methods were identical with 
respect to the number of peaks and retention times. A partial separation of cis-9, 
tranr-l2- and trmrs-9,cir-l2_octzdeczdienoic acid was achieved by preparative 
thin-layer chromatography on silver nitrate-impregnated silica gei’*. The Zrms-9, 
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trmrs-12,ermts-l5~~~~oic acids were zlso separated by this method. These 
fatty acids were methylated with diazometbane in diethyl ethefi9. 

A female Ww rat (8 weeks old, body weight 148 g) was kilkd by exsan- 
guination. The whole hmg was homogenized in 3.3 ml of methanol-chloroform-water 
(2: 1:0.3) and the lipids were extracted according to the method of Fokh et al’.r”. 
Total Lipids were separated into neutral lipids and phospholipids by thin-layer chro- 
matograpby- Before the sample was applied to the gas cbromatograpbic column, 
methanoly$s of the phospholipids was done with 0.5 N methanolic sodium hydroxide 
under nitrogen for 5 min at I 00°C and further reaction was effected with 14 oA boron- 
trifluosid~methanoi under nitrogen for 10 min at 100°C21. Then 8 ml of water were 
added to the solution and the methyl esters were extracted with n-hexane. 

Gas-liquid chromtographic maIysis 
Gas chromatography was performed on a Sbimadzu GC-SA gas chromato- 

graph equipped with a flame-ionization detector (FID). SCOT-type glass capillary 
columns (60 m x 0.3 mm 1-D. and sometimes 40 m x 0.3 mm I.D. and 30 m x 0.3 
mm I.D.) were used, The colmxms were coated with cyanoethyl polysiloxane’of about 
50% substitution (SS4), developed by Shinwa Kako (Kyoto, Japan). The oven tem- 
peratu~ was 17S’C or sometimes 190°C The detector temperature was 250°C and 
the injector temperature was 250°C. The flow-rate of the carrier gas (99.9990! 
nitrogen) was 0.71 ml/min. The splitting ratio was 88 : 1. 

‘_ : --- 

Fii. 1. Gas cbrauiatagr=a of geometric isamers of akic acid methyl ester an a glass capillary cdumn 
(30 m X 0.3 LIlLn LD.1 caated with ss4. The caknn was agkxated at 190°C with nitrogen as the 
carries skz at a flow-rate of 1.4 rnl/min. In-r and de&tar teqxxatues, 250°C. Peaks: I= 
Gd9c; 2 = CmAdPt; 3 = methyl .stearate. 
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The gas chromatogram for c&9- and rrmrs-9-octadecenoic acids is show= in 
Fig. I ; baseline sqxuation was acbkved. Baseline separation was also afzbieved w&b 
&s-9- and zrmr.s-9-hexadecenoic acids. Linoteic acid has fonr geometric isomers 
(ck-9&-12-,rrm-9&s-12-, cis-9,trans-12- and trazzr-9,rimrr-I2-), and Fig. 2 shows 
the gas chromatogram of these four isomers produced by the reaction of tinoleic acid 
with nitro,cen dioxide_ AU-&, all-trots and mono+- isomers were compkte~y 
separated. Among the mono-trots isomers, the trm-9,&-12 isomer overlapped 
slightly with the c&9,fnuzs-12 isomer. On SP-2346) as the stationary phase, these 
mono-rnzns isomers showed baseline separation but the fatter peak overlapped that 
of the all-fnzns isomer’j. The proportions of these mono-fn2n.s isomers are almost 
equzi- Therefore, Fig_ 2 also reveals that nitrogen dioxide attacks the two double 
bonds of linoleic acid without preference. 

_Fii_ 2. Gas ChrOliaO~ of tile four ~illctric isomer!s of the Qlcthyl uters of linokic 
ghss capiIhry coIumx1(3O m x 0.3 mm I.D.) coated with SS4.0pcrating condit.iom as 
Peaks: 1 = Cur_gP3c,Ik; 2 = c~zA9~12c; 3 = c~#c,l2r; 4 = C~~9r&t. 

acidona 
in Fig. 1. 

For linolenic acid there are, theoretica.Uy, eight possible isomers, but the sepa- 
ration of ali eight has not previously been performed. Eie&ers et aZ_O obtained seven 
peaks by u&g a glass capillary cc&mm coated with SP-2340. We used a 60-m glass 
cap&q co1um.n coated with Ss-4 and obtained eight peaks, as shown in Fig. 3. 
However, 3& or 40-m using glass capillary columns, seven peaks were obtained, as 
reported by Heckers er al.“. Peaks 1 and 8 in Fig. 3 have been assigned to the all-& 
and the aU-trmrs isomer respectively- Six peaks (2,3,4,5,6 and ?), however. have not 
yet ‘ken assignexl. 



Fii_ 3. Gas cbromatogram of methylated rcxc&on products of linolenk acid catalys=d by nitrogen 
dioxide on a glascapilhy column (60 m x 0.3 mm I.D.) coated with S-4. The column was operated 
at 175°C with nitrogen as the carrier gas at a ffow-rzte of 0.7 ml/min. The splitting ratio was 88:l. 
Injector and detector temperatures, 2WC. Peaks: 1 = Cse&k,12c,15c; 2-7 = CW (iindividual 
peaks wxe not assigned); 8 = CIs~9~12&15t_ 

100 
% 

3 

~j&_&ca kon~~-&ti~ii oflinoknic tidcataiyzdbynitrogendioxide(477 ppm)incarbon 
tebrzW&de. Nos. l-8 refer to GC peaks shown in Fii. 3. 



Fig_ 4 iUustrates the change in the proportions of tie eight isomers for the 
reaction of Iinolenic acid with nitroge;l dioxide. In this reactiop isometition of tkfz 
aIl-f%s isomer to the three mono-trans isomers occurs& ti. The three mon~~wts 
isomers could then be converted in&$&e *Jlree di-trarz.s isomers. NexG the &ree di- 
:rmzs isomers could be converted into al.&- isomer. As shown in Fig. 4, pe& 1 
decrea,& coutinuousiy and tEe three 

k 
2, 3 and 4 increased first Therefore, 

peaks 2,3 and 4 are assumed to correspond to tie k mono-trans isomers. Then 
thethr_eepeaks5,6uld7increasedznd%re assumed ti be the three di-*azs isomers. 
Peak 0, the all-tram isomer, increased continuously wi$h tine. For idenG&atioa of 
the mono- ad di-trm.s isomers, fraction&ion of tEre isomers, sp&roscopic analysis 
and chemicaI teclmiques such as. ozcmizatio~ should be employed. 

Fig. 5 shows the gas chromatogram of the methyl esters of the fatty acids 
associzti with Iung tissue phospholipids, obtained by using a 40-m SS-4 coated 
glass capillary column. A good separation of all tie fstty acids of phospholipids was 
achieved_ Positionai isomers such as oleic acid and vaazenic acid methyl esters show 
baseline separation. 
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It can be concluded t&t a glass capilky coIm coated with the high polar 

stationsy phase SS-4 is effective for &e separation of geometic and pmitiomI 
isomers of unsaturated fatty acid methyl esters. Further invesGgations on t&e geomet- 
ric uld positional isomess of unsaturated faw acid methyl eskrs ztse in progress. 
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