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SUMMARY 

The gas-liquid chromatographic prop&ties of both series of C1, unsaturated 
fatty esters were further studied on non-polar (:OV-I 01 and SE-30), semi-polar (XE-60) 
and polar (FFAP and Carbowax 20M) stationary phases. The equivalent chain length 
of each isomer is recorded and the efficiency of the stationary phases in separating 
these isomers is discussed. 

INTRODUCTION 

The gas-liquid chromatographic (GLC) behaviour of the methyl undecynoates 
and cis-undecenoates were studied earlier’ on Apiezon L (APL), diethylene glycol 
succinate pollester (DEGS) and Sitar I OC l l stationary phases. The properties of the 
more recently developed polysiloxane stationary phases were discussed and the re- 
tention behaviour of homologous compounds on these phases was reported by 
Hakenze3. Gunstone and co-workers J*5 studied the properties of the entire series of 
cis- and rrnns-methyl octadecenoates on APL, DEGS and XE-60. With the increasing 
importance and availability of polysiloxane stationary phases. the C,, unsaturated 
fatty esters were chromatographed on OV-101 (liquid methyl silicone), SE-30 (methyl 
silicone gum rubber), XE-60 (nitrile silicone gum) and also on two other polar station- 
ary phases (FFAP and Carbowax 20M). 

GAS-LIQUID CHROMATOGRAPHY 

The GLC results were obtained under the conditions given in Table I on a 
Pye 104 or Varian 940 chromatograph equipped with a flame ionization detector. 

__ _ .._-_. 
* Part II: J. Chrortmtogr., 109 (1975) 81. 

l * Recently w-named” as APOLAR 1OC. 
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TABLE I 

CONDITIONS FOR GLC 
Column Icngth, 2 m. 

_-.-- _. -- ._.. - -.-. - 
Stationary phase Temperature Carrier gas Intcrrral 

(“C) (dtrogeti) diameter 
flow-rafe (mm) 
Cnil/tnin) 

________________~_ 
1.5 % OV-101 150 45 3.1 

10% FFAP 160 45 3.1 
20% XE-60 190 80 6.3 

3 % SE-30 130 GO 6.3 
10% Carbowax 20M 155 GO 3.1 _.____ ..____ _ _... - -_____ .._._ _ __.... _... _. _.- . . . .-_. . . 

The equivalent chain length (ECL) values were calculated from distances between 
the solvent front and the peak of the other eluted components. Saturated methyl 
esters were used as internal standards: Cl0 and Clr, (and Cl,, only in some instances on 
XE-60) for both series of esters. 

The ECLs of all acetylenic and cis-ethylenic Cl1 esters on OV-101, SE-30, 
XE-60, FFAP and Carbowax 20M are compared in Figs. 1 and 2 and actual values 
are recorded in Tables II-VI. 

Mcrlgvl tmdecyrtoates 
The behaviours of these isomers on the non-polar OV-101 and SE-30 phases 

were almost identical and ECL values ranged from 11.16 to 11.62 and from 11.15 

Corbowox 2OM * 

I 1 , 
A'" A- A- A- A- A7" A- AQQ A- 

l somer 

Fig. 1. Equivalent chain lengths of acctylenic C ,I esters on different stationary phases. 

Fig. 2. Equivalent chain lengths of cis-ethylenic Cl1 esters on different stationary phases. 
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TABLE II 

EQUIVALENT CHAlN LENGTHS OF INDIVIDUAL AND MIXTURES OF UNSATURATED C,, 
METHYL ESTERS ON OV-101 
_.. ._.__. _.. _-. .-..-__.. 
Isonlcr ECL A 1 l A2” _.. ._ _. 
A29 11.62 - - 
/lW 11.34 -- .- 
.flJU 11.16 -, -- 
C/5a 11.17 - -- 
Llba 11.18 - - 
d’* 11.18 - -’ 
‘flen 11.34 - 11.35 
,19” 11.63 11 .GS 11.63 
‘/l IOU 11.16 Il.16 - 

l Basclinc separation. 
‘* Twin peak separation. 

l ** Shoulder separation. 
e No separation. 

.__ _- . .__. ._.- ._.._..... .- __.... .-... 
A3’+ A4’* A5’ fSOt?llV 

_- . . ^ 

ll.G3’_ - - 
_ 
n*c 

11.34 - -- .l”” 

Bf** B2*’ _ _ _. 
- 

- -_ - /lJC 
-. - .- /.l”’ 

- - ‘.l”C 
- - II.30 ,,I71 

-. II.35 11.30 */ 18 1. 
- -_ - ,,19’ 
- 11.15 - /l IOL’ 

ECL 

I Oh 
10.94 
10.85 
10.78 
10.88 
10.87 
10.94 
11.18 
10.92 

B3*‘* 

. -. 
-- - 
- - 

. 
- 
.- 
-.. 
- 
- 

~. _.. 
04’ 135” ..__..... ..^_ _. 
“10.92 - 
10.92 10.90 
- - 

__. 10.86 
- 

11.17 11.15 
10.95 -- 

11.01 
11.12 
- 

TABLE III 

EQUIVALENT CHAIN LENGTHS OF INDIVIDUAL AND MIXTURES OF UNSATURATED C,, 
METHYL ESTERS ON SE-30 

&.jL ‘. (+- -C2’* ---,,*. C4& & &’ 
._ 

rson1er &or,,& iCL DZ*’ D2*’ D3”’ D4;‘. b5’ 

/lza 11.63 - - ll,&-- --- - ‘-- - Ll2C 10.86 - - - 
_.__ .-. .._ - 

10.90 10.89 
..L13a 11.31 -- - 11.31 11.31 -- - .,3’ i. 10.89 - --- - 10.90 - 
.ldO 11.18 - 11.12 - 11.18 - - .,J’ IO.82 - - 10.80 - - 
dq su 11.18 - - - - 11.15 -- i-j 5 1 10.77 _^. - -. - - 
,l IN I 11.18 11.15 - -- - - - *,lbC 10.86 - 10.85 - - - 
./17u . . I 1.24 - -- - - - II.28 ,47’ 10.88 - - - - 10.89 
.,wu a’. Il.33 - 11.32 - - - 1 I .28 .<P 10.9G - - 10.93 - - 
..lWJ ,. 11.59 11 .s9 - - - - -’ :,9 . . 11.13 11.11 11.12 - - - 
L 1’0U 11.15 - -- - - 11.15 - /, IOE 10.88 10.89 -- - - - 

* Bnsclinc separation. 
l * Twin peak separation. 

*** Shoulder separation. 
p No separation. 

TABLE IV 

EQUIVALENT CHAIN LENGTHS OF INDIVIDUAL AND MIXTURES OF UNSATURATED C,I 
METHYL ESTERS ON XE-GO 

._ 
rsort1er ECL E,*’ - E2* ,**- E4” ,+**- ,PG”’ 

. 
da” 13.ld - 13.10 -__ - .’ - - 
;l”” 12.10 -. 12.09 12.09 - - 12.OG 
.14a . . 11.78 - - 11.78 11.78 - .- 
/lSU ; 1 I.84 - - _ _ __ -. 

.<P 11.92 -- -- - 11.86 - 11.89 
il’” 12.05 12.04 -- - - - - 
.!I”* 12.15 - - - 12.1 1 -- ‘-. 
LIP” 12.65 - - .- - 12.62 - 
Ll IOU 12.51 12.49 - -- - 12.49 - _.__ _ _ ._... .._._.. . ._-_ .._. _-_ ___.._. . - . . ._ _.. _. 

.* Baseline separation. 
l l Twin peak separation. 

l * l Sllouldcr separation. 
fl No separation. 

10.92 lo,92 ‘10.90 - - - 
11.24 11.25 -- - - 11.28 
11.06 - - - - - 
11.08 -- - - 11.08 - 
11.27 - - - - - 
11.30 - 11.27 - - - 
11.35 - - -. 11.33 -- 
11.61 --. - 11.60 - - 
11.33 - .-- 11.34 - 11.28 
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TABLE V . 

EQUIVALENT CHAIN LENGTHS OF INDIVIDUAL AND MIXTURES OF UNSATURATED Cl, 
METHYL ESTERS ON FFAP 
__ -_._... .._...-.. .- -- ---.--.. .--.---. 
ISOtPlW ECL Cl’ G2’ G3” G4’* GS’ GG” ___- -___-_--- Isorwr 

A20 13.61 
A- 13.31 
LP 12.67 
Asa 12.67 
A6” 12.80 
A’* 12.86 
.P 13.10 
Aon 13.77 

- 
13.26 
- 
_-. 
12.77 
- 
___ 
13.77 

- 13.59 - - - 
13.31 13.31 -- - - 
12.71 - - - - 
-- - -- - 12.69 
__ -_ -- - 12.69 
_. - - 12.87 - 
-_ - 13.08 12.87 - 
- - 13.69 - -- 

ECL HI’ /jz*; @** Jf4” HSP 

-11.16 
_-________ 

- - - 11.20 - 
11.48 - -- 11.45 - 11.43 
11.25 - - 11.25 - -- 
11.21 - - -~ 11.20 -’ 
11.38 11.43 - -- - 1 I .43 
11.41 -- - - - - 
11.49 - 11.51 - - - 
Il.82 11.80 11.82 - -.:: - 

LjlOt2 13.42 - ____._.-~-__.~_‘-3~4o_~-_..__-_-_...__~’1..__.11.52_~_-___~___~_. - 
* 

.* 
*a* 

3 

Baseline separation. 
Twill pcnk separation. 
Shoulder separation. 
No separation. 

to 11.63, respectively. The dz” and ,:I”” isomers exhibited the highest ECL values. 
while ~1~~4’~ isomers gave the lowest and nearly identical ECL values, 

On the semi-polar XE-60 phase, the ECL values were in the range 11.78-I 3.10. 
Unlike its behaviour on polar phases such as DEGS. Silar-IOC, FFAP and Carbowax 
20M, the dza isomer gave the hiSbest ECL value (13.10) instead of the /jgtl isomer. 

These isomers gave ECL values ranging from 12.67 to 13.77 on FFAP and from 
12.62 to 13.65 on Carbowax 20M. On both polar phases the/.lgN isomer bad the highest 
ECL value, while the ~1~~’ isomer had the lowest. 

When the chromatographic behaviour of mixtures of these isomers was exam- 
ined on non-polar, semi-polar and polar stationary phases (Tables ll-VI), it was 
possible to describe the degree of separation as baseline, twin peak or shoulder. The 
results are summarized in Table VII. The efliciency of separation on OV-IO1 and SE- 
30 was slightly better than on APL. XE-60, FFAP and Carbowax 20M performed more 
efficiently in separating these isomers than on DEGS. but less than on Silar IOC. 

TABLE VI 

EQUlVALENTCHAlN LENGTHSOF INDLVIDUAL AND MIXTURESOF UNSATURATED C,, METHYL 
ESTERS ON CARBOWAX 20M 

--.- 
&, ;p 

- 
;j* N’; ‘,46‘ ‘$ . _ 

Isomer ECL jI** J.?’ J$ l 54” Js‘l. 566 
._. 

Isomer 

i/Jo 13.03 - 13.04 - - .- _, 13 r 11.45 11.45 - - -’ - - 
A4" 12.64 - 12&S - 12.69 -- . ,jJr . 11.27 - il.24 __ _._ __. __ 

AS' It.62 12.63 -- -- - - i,"c 11.20 _ _.- -- - __ 11.25 
iPa 12.78 - - - 12.69 12.75 ,:, 6 c 11.41 -- -- 11.40 11.40 11.32 - 
Ll'a 12.84 .- - - - 12.75 .,l'C 11.44 - ~ - __ ___ 11.25 
AR" 13.01 13.01 - 13.01 - - ., , 8 c 1 1.54 -'.- 11.47 - - - - 
,tP 13.65 '- - 13.65 - -- ./,9' 11.84 - -. 11.80 -. -- -. 
Ll'oa 13.34 .- - 13.35 - .- ;,lOC 11.48 - - .-. 11.40 - - _..-_.-.. . . .._ .._. _... _~.. _. .-. _ . . 

* Baseline separation. 
*’ Twin peak separation. 

0 No ,scparation. 
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TABLE VII 

SEPARATION OF MIXTURES OF METHYL UNDECYNOATES 
_... .._. _ _. ._. _._.. .~ .--... .-.. -. _. . . ._. - . 

Dcgrce of Di’erence irt ECL vaIms* 
separatiotr _._..._ _.. .,,.. .._....... . 

0 v-IOI SE-30 -XE-~O FFAP C~howax 20M 
. ._ _ . 

0.41 (Cl).. 
.._.. . _ 

Baseline 0.47 (A 1) >0,4G(El-2) ‘aO.51 (Gl-2) &60.39(11-2)) 
Twin peak >O.lS (A2-4) aO.15 (CZ-3) >0.14 (E3-4) >0.30(G3-4) aOo.31 (13) 
Shoulder - ao.13 (C4) 0.08 (ES-6) - - 
No separation 0.16 (AS) GO.09 (c&G) - 90.24 (GS-6) 60.14 (H-5) 

__._ _ _ _. . . ._-_..- .._ ..--- . ..- _ _.. . ~. _-... .-- . _~. _, . .-. . -.. 
* Al etc. nrc sample numbers. 

Methyl cis-uncfecerloates 
With the exception of the ,_l ’ 9c isomer, all other ethylenic isomers gave ECL 

values below 11.00 on OV-101 and SE-30. The ECL values of these isomers were 
slightly higher (0.1-0.5 FCL’) on OV-IOI than on SE-30 in most instances. There 
was little difference in the retention times among these isomers, although it is possible 
to recognize that the rl 5c isomer had the lowest ECL value in the series on both non- 
polar phases. 

On the semi-polar XE-60 phase, the ECL values of these isomers were all 
greater than 11.00, except for the .Azc isomer (10.92). The ECL values ranged from 
1 1.16 to I I.84 on the polar FFAP and Carbowax 20M phases. In both polar and semi- 
polar phases, all three sets of ECL values gavG;almost parallel plots. Relatively high 
values were obtained for the JJc and ilDc isomers. 

TABLE WIT 

SEPARATION OF MIXTURES OF METHYL ciu-UNDECENOATES 
_ . - __..___... .._.. . -__ ._- ..__.. -. _. _ .._. -- - .~ 

Dcgrce of Diflherrce iti ECL vaIms* 
scparcrtiorr ..__ ._ . - 

ov-IOI SE-30 ii_& F&a ‘.’ Ca~borr;ax ZOM‘ 
_ _._~. _^. ..- _. . . . _ .- 

Bnscline - - 0.44 (Hi) -’ 
Twin peak aO.26 (BI-2) aO.25 (Dl-2) aO.27 (F14) 0.33 (H2) &0.27 (J l-3) 
Shoulder so-24 (B3) O.l4(D3) - 0.23 (H3) -- 
No separation 0.06 (84-5) -60.03 (D4-5) 0.09 (FS) ~0.10 (H4-5) ~~0.24 (54-6) 

_ . _ . ____. ___. __ .__... -. _ .._. __... .._. .- 
* Bl etc. arc sample numbers. 

The behaviour of mixtures of these isomers on non-polar, semi-polar and polar 
stationary phases is shown in Table VIII. The separation efficiency of OV-101 and 
SE-30 is comparable to that of APL. In all three polar phases studied, the separation 
efficiency of each phase is better than that of DEGS, and comparable to that of 
Sitar 1OC. 

* 

CONCLUSION 

FFAP, Carbowax 20M and XE-60 are more efficient than DEGS in this sepa- 
_. _ 

l FCL = fractional chain length. 
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ration, while OV-101 and SE-30 are comparable to APL in the separation of isomeric 
unsaturated fatty esters. On all phases, the ECL was very reproducible, as dem- 
onstrated by the examination of mixtures of these isomers. 
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