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The retention behaviour of a number of homologous series of unsaturated esters 
on poJysi!oxane .stationary phases of, increasjng polar character is reported. 

;: ,,..,,. - _, ,: ,,,,, ,’ ,’ .1. ; ,; ,; . ,. 3, .: ;,, ,, ‘- 

INTROD,vCT!ON . ‘. 
,” ,1 ., 

_, : ‘, ,.-r,‘;., . . ,;: 
.’ 

., ‘. 

An earlier report1 I& described the’gas chtomatography of several series of, 
‘homologous: .urikat~y@ed ,e&ers on: the %ssentially r&n-polar Methyl Polysiloxane 
Stati&a% ‘Ph&~,SE_~o, ‘: .. ‘.: ‘. ‘,,; ‘.a: : I, 

Esters may be conveniently represented as 

where the cafbon’,numbers of the. acid and$lcohol chams are R and R’ respectively. 
Stud&of alkanesa and of fatty .esters 8’6 'show that the lintroduction of a double bond 
in the acid cham produces a reduction in r.etention on .ainon+polar stationary ‘phase. 
With. simple esters ,where L RI = 2;: i:e,5acrylates~and @o$onates, this effect has been 
observed; similarly’ where R = I, : i’ or ‘3 .and R’ =2 2;ke. ‘irinyl and ethyl esters, 
decreased retention is also experiencedl. 

‘.L 

When the hydrogen of the ac-carbon atom of the acrylate ester (R) was replaced 
by a methyl group (the methacrylate esters) increased retention was observed when 
compared to the appropriate saturated ester.. A greater increase in retention was 
obsek$ed,with, substitution’:of the p-carbon atom (R) (the crotonate esters) when corn- 
pared.with,tlie.~but~ate esters. The,replacement of a hydrogen atom in vinyl acetate 
t;ith .& meth’yl’grdup’ (~sopr,~pen~l;a~et,~~e):,also produced increased retention compared 
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JAMES&~ 6 to follow that of hydrocarbons. The.‘attractive forces are influenced by the 
chain’ length,’ branching, :unsaturation; location’ ‘of’ double :bond ‘and the presence of 
conjugation.; ‘, ,, ,. I. . ,I. . ; ,.,.. ,., ;. : ,,( ./ ‘, 

Linear ‘relationships between,chain length,, and’ retention”of’ homologous ~co& 
pounds are usually obtained and ‘greater methylene separation factors are observed ,’ .‘,‘. 

/, 
.(a) lo 

8 

,6 

,/ 4 

t 

D C H$=‘E ;- .CPOR’ 
:: ..’ 1, 

;;N&ber’.of’ C~ atoms’ ~in~~alcoh’ol:.ch~in~R~‘. ::Number :of. C atoms. in’alioho’l. chdili’.‘(~R) j’ .“’ 

with non-polar stationary phl’ases where ‘London~forces are at their. ~maximum. with 
polar phases ‘the’~methylene’ separation, factors ‘are. lowered ds the’ London ! forces are 
&j,i&‘d;,,,, I i’;, ‘-<, ,,: ;,’ i: ’ ‘;,’ 1. ,: i ,., I: ), :,;;:,, ., ,; , j ,, ,i !: _/,, ,,.!, j *;y ., ; ;/ ,,, ‘;,; 

The introduction of a double ‘bond into a saturateclfatty ester .was shown: by 
JAMES ;AN? :MARTI@ to reduce retention on’ a non-polar ‘phase; a concliision now 
widely ’ &$$&&fi:;‘M&imch> int&a&ioi;i,i occu&” ‘tit& :smeihyl&e ‘grodp$;:‘&& ,-tl--&+ ( & 

reduce’d’~~~ ‘ale etlijtl~riid”group.~‘“’ .:‘i,‘:,‘,‘,~ : ,‘I,“” I:; ‘,i” ” ‘!” ,,,,, ~,~;..:,,~~,.;:;~,‘i ,:,, ,’ ’ ,” :, ~;,~::.:, ,li..,~:,:,,‘. 

I’ ” Witx !. ~&r~~~~~~&~~~‘~ $&&& ; Speci&&: j~te&ti~n&, occu$~‘~be(ween. ,p&&abl~ 

‘double bonds and the este~‘grbup$‘iil.~dditid~ to the London interactions which operate 
in the opposite direction1 For each’non%iteracting ‘double bond an approximately 
equivalent retention increase is, observed’on ,,apolar : phye.conversely on, F noriYpolar 
phase decreased &&tion occu~~,'~e::donj~~~t~~,f~~ty &&&~h&~&n~t beeGNG<i 

tensively studied the limited data available ‘show ’ increased f retention occurring,’ on 
both polar and,‘kon-polar, ;phases; conjugation ‘with ‘the ester carbony is ~similarly 
anomal~usQ,lO,' 1' ,: : ,' ; ,' s ' .,'. ,,. ',. .' 

: ' 
So+e polar character is ‘exhibited, by saturated esters’ due to the carbo,nyl 

structure. ‘Although ‘the;dipole ‘moment is not great’ the degree,“of polarisabilityis 
higher. The ‘dipole moment; of esters islittle~influenced by,.unsaturation,although;t,he 
polarisability is increased. Increased retention,on a #polar phase. would be expecte:d 
with an unsaturated ‘ester of, similar boiling pdint to a saturated ester, The reverse 
effect Would be ‘expected on a ,non-polar ’stationary phase. i: ‘,, ! ,‘: I’ t . . .’ 1 

J. ,Clbvomatog.; 51 (Ig7o);'l15~4?2~ 
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poi,nt of simple: unsaturated ,esters; on ;a;’ non-polar, phase plays’. a:,very significant role 
in determining the retention. ,,i..‘, 

The effect of, unsaturation in the alcohol chain is shown in Table III, while 
Figs.. za-b show’plots of the.esters obtained using SE;30 and XE:60 siationary phases 
respectively. With vinyl, and ethyl esters reduced retention is experienced with the 
unsaturated, esters on all ,four stationary ypbases: ‘(Increased B. retention Ton the more 
polar phases isnot observed, thereduction :beinglittle affected by the four stationary 

,~phases:Terminal unsaturation in a chain is responsible,for some reduction in retention 
in comparison to other positions of unsaturation but the results observed would not 
be expected from studies of fatty esters. 

.’ : : I. ., ,, .’ ,. / ‘( 

.” .,:, (_, ,, 

1 

2. ,. 

..’ ,, ,I,. F; R-COO-CW+H+HO 

o,, 1 2 3 4 .&, ‘. .O.l.. t, 1,” 2 3 4 !3 

‘Number: of C atoms in &id khain (RI’ 
’ ‘. 

.Number’ of C atoms in’acid chain (Rj 

Fig. 2. PI& of logqithm of rt.&&,k retention vov~u~ number of carbon atoms in the acid chain 
of unsaturated esters on (a) SE-30 and (b) XE-60 stationary phases. 

Ally1 esters exhibited reduced retention on the SE-30 stationary phase and in- 
creased retention on the ,more polar phases. While these results may be as anticip~ted,~ 
terminal unsaturation present as with the vinyl esters and the adde,d methylene group 
in, a no&conjugated environment would not be expected to be,significant. I 

Isopropenyl acetate showed an ,incre,ase in retention on the, non-polar phase 
similar ,to that sho,wn by, the ,methacrylate esters., : 

.,.,.!’ ‘The majority of th,e structural arrangements in&+ing unsaturat~on,’ looation 
of the Idouble bond, i.e:. terminal : or conjugated, unsaturation, and, .the presence, of 
branching existing in .tlie simple esters axammed, have been :studied in det,ag with fatty 
esters. It is well known that the,particular location of a, double. bondllr18 or )methyl 
group18 along’ a’ chain will influende retention due”to interactions that ,occur. It, is 
apparent:from this,,wo:rk Phats/udies’o~‘fatty’,~stei_s.p~ovide little information relevant 
to’ the,simpler, compounds due to.the significant effect of interactions, that are, present. 

CN, . . 

The CH,=&- structure of the, methacrylate an,d isoprenyl esters is ,not, ,widely ex- 
perienced .in fatty, esters~ and its behavioui is not. apparent ‘from a consideration of 

'~.'Cht'OttZatO~.,51 (1970) 4157422 
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