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, GAS CHROMATOGRAPHY OF HOMOLOGOUS ESTERS
| 'PART IV INFLUENCE OF STATIONARY PHASE POLARITY
ON RETENTION OF UNSATURATED ESTERS

1. D. ALLEN' AND J K. HAKEN""

- Department of Polymar Sownae, Umvarszty af New South Wales, P.O, Box r, Kensington, N.S.W.
2033 (o ustraha)

(Recewed June. 3rd 1970)

SUMMARY. .. 0

The retention behaviour of a number of homologous series of unsaturated esters
~on polysi,_}oxar;e_.‘s_tatio‘_uary_phase.s' of increasing polar character is reported.

: INTRODUCTION

An earher report1 has descnbed the gas chromatography of several series of

- homologous unsaturated esters on the essentlally non-polar Methyl Polysiloxane
. Stationary PhaseSE-30. " .

' Esters may be convemently represented as

0
R-GO-R | | |
~ where the carbon numbers of the acid and alcohol chams are R and R’ respectively.
© Studies of alkanes® and of fatty ‘esters3-5 show that the introduction of a double bond
in the acid chain produces a reduction in retention on.a‘non-polar stationary phase. _
With simple ¢ esters where R = 2; i.¢.: acrylates and proplonates, this effect has been .
- observed; similarly where R = 1,°2" or 3 ancl R’ =2, 7.e. vmyl and ethyl esters,
decreased retention is also experienced?. »

“When the hydrogen of the a-carbon atom of the acrylate ester (R) was replaced
by a rnethyl group (the methacrylate esters) increased retention was observed when
compared to the appropnate saturated ester. A greater increase in retention was

. observed with substitution of the g-carbon atom (R) (the crotonate esters) when com-

 pared. with’ the butyrate esters The replacement of a hydrogen atom in vinyl acetate
' witha methyl group (1sopropeny1 acetate) also produced 1ncreased retention compared ‘
- with the saturated ester 3 : :

R * Pre ent address Colomal Sugar Reﬁ_mng Co Ltd Broadwater M.111 Richmond River,
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i ‘The present work reports the retentlon behavrour of “unsaturated esters of the :
" -'types""descnbed prevmusly, together Withthose where: R’‘=3:and has both a straight -
chain (the allyi- esters) and’also a. bra'xched cham (1sopropeny1 esters). The esters were -
“examined on several statlonary phases of mcreasmg polar ¢ character. The results are |
' compared w1th those: of /fatty esters’ where decreased and- increased retention is ob-
: served with the, mtroductron ‘of unsaturatmn on substantlally non-polar and polar
) statronary phases, respectlvely R e v
B “Retention data of unsaturated esters has been tabulated by SCHUPP AND .
: Lxsvvrs8 Allyl esters (Cg~Cyq) have been exammed prev1ously onan Aprezon M column’
B wh11e systematrc studles relevant to thls work have been prev1ously rewewed1 ,

L EXPERIMENTAL

Preparatwn of esters S L SRS I S
* The esters where avallable were of commercral quahty and of substantral punty .
o ‘The remamder of the esters ‘were prepared usmg estenﬁcatlon or transesterlﬁcatmn .
procedures w1th an acrdlc 1on-exchange resin: as catalyst o : : :

! Ckromatogmphy Sy ' ' S

. The; retentlon data were obtamed 1sotherma.11y at 150 usmg 12 ft. % 1/4 in, .
0 D. alummlum columns packed wrth I0 % stationary phase (Methyl Slhcone Polymer
3 SE-30, Methyl Phenyl Silicone Polymers OV-17.and OV-25 and, Methyl Cyanoethyl
. Silicone Polymer XE-60) each on;60-80; mesh.: acid washed and silaniséd Celite 560.
"l.‘he eqmpment ‘conditions and cahbratlon procedures were as: prevrously reported1 :
‘ ‘The retentlon data of the esters examlned ‘are shown in Table I.asnet retention
(Vg), relatrve retentron (Vn) usmg nonane as standard and as retentron 1nd1ces (IR) S

DISCUSSION OI‘ RESULTS

‘ The mﬂuence of a double bond in the acrd cham (R) is observed by companson
j"-of the homologous acrylate, methacrylate and crotonate esters with the .propionate,
1sobutyrate and butyrate esters as shown in Fig: 1. F1gs.='.1a and.b- show plots of rel- -
. ative retention versus the number of carbon atoms in the s cohol chain: (R/)"on SE-30 |
. and XE-6o statlonary phases The slopes of all of the: esters on SE-30 were essent1ally
parallel -the minor variations: apparent havmg been prevmusly described!. With'the . .
> XE-60- phase plots representmg ‘the. acrylate and’ butyrate esters mtercepted (t.e.
decreased retention, due’ to the double bond bemg ‘more apparent. with-the higher
~alkyl. esters) whﬂe the ‘plot- representmg the crotonate esters showed a cons1derably o
. greater increase in retentron on the more polar phase.’
- London for¢s ' o
'drpoles, ‘exist to. varyin grees’ between all ‘molecules; ‘With non-polar. molecules 50
- these are: the sole’ attractive’ forces. he: London ’forces do not‘ exh1b1t any special "

I

'_ ;and 1soalkyl esters on“SE-3o (ref ' is the reductr'n" f'retentlo duet branchmg

as descnbed by. JAMES AND MAR'rr_' _ S
The behavxour of fatty esters‘;._ n non-p _lar sta A,onary phases was. suggested,byfii* +

.-5_] Chromatag., 5r (1970) 41:5-422

ue'to the mteractron ‘of two: raprd.ly changmg mstantaneous w
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JAMEs* 5 to follow that of hydrocarbons. The attractive forces are influenced by the
chain length, branchmg, unsaturatlon, locatlon of double bond and the presence of
conjugation: - :

- Linear relat1onsh1ps between chain: length and retention of homologous com-
pounds are usually obtamed and greater methylene separatlon factors are observed

(a) 10} 10} AF
(@) 1oL (o) ;
b
% 2 : o
A CHz=CH=COOR' . .
- B- CH3-C HzCOOR '
asl c gH—COORT,’
o4 D g ~ COOR'
L ‘-.:L. s .
. E CH3CHZCH coon
o2t F CH§C H=C H-COOR
PR 0‘1 : .,‘,[. . ; ‘o1 .}1“',“ . 3 R . Lo . L
02 3. 4,5 6,01, 2 3 4 5 6.

Number of C atoms ‘in: alcohol chuin(R) Number of 'C atoms. in’ ulcohol chuln (R)

Fxg 1. Plot of logarxthm of relatwe retentxon versus number of carbon atorns m the alcohol cham
of unsaturated esters on (a) SE-3o and (b) XE-GO statlonary phases

w1th non-polar statlonary phases where London forces are at thelr maximum. Wlth
polar phases the methylene separatlon factors )are lowered as the London forces are
reduced. e : e e T AT
- The mtroductmn of a double bond mto a saturated fatty ester was shown by
JAMES ‘AND 'MARTIN? to reduce retentlon on'a non—polar phase, a conclusion now
w1dely apparent "Maximum’ 1nteract10n occurs thh methylene groups and thls 1s
reduced with the ethylenlc group e RACKAEEAS SRR R
~ With* polar stationary" phases spec1ﬁc mteractlons ‘occur between polansable'
double bonds arid the ester groups in'addition to thie London interactions which operate
in the opposite direction. For: each non-interacting double bond an approxlmately
equivalent retention increase is observed on apolar phase conversely on a non-polar
phase decreased retention occurs. VVhlle con]ugated fatty esters’ ‘have not been ex-
tensively studied the limited data available show increased - retention' occurring on
both polar and’ non-polar phases con]ugatlon w1th the ester carbonyl is srmllarly
anomalous” 10,
~~ Some" polar character is exhlblted by saturated esters due to the carbonyl.

structure. ‘Although the dlpole ‘moment’ is not great the degree of polarisability is .

higher. The dipole moment: of esters is little influenced by unsaturation although-the
polarisability is increased. Increased retention on a polar phase would be expected
with an unsaturated ‘ester of similar b01hng pomt to a saturated ester, The reverse‘
effect would be expected on a non-polar’ statlonary phase. - R

J. Chromatog., 51 (1970): 41 5-’-4‘5'2_ '
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TABLE rr

OV—I7W,(. o

C Acrylate: . . —15-~—208 i,,o + 15“ . o +_2°'i".‘ o+ 1ot
Propxonate Sl —g8b e 27 e e o
Methacryla “4154 308 4 90 osv. + 5560t A+ 3o+\. 6o SR
,Isobutyra.te 8‘,‘?& o + 270 .iv R :
‘Crotonate - 4 125 + 130° +° 80 -+ 953 <4 9o 4 1000

‘ _Butyrate L o+ o8b . . +102b: _ :

. a n-c _C T T :
B Methyl ester I
; .‘,.c "-CS_C‘. - .".‘ .

o A niCe=Ces
e Ethyl este

‘ The effect of unsaturatlon in the ac1d cham is shown in Table II Increased and
decreased retent1on‘mdex 1ncrements w1th unsaturatron are shown as + and - re-
spectlvely : ' : v
_ - With the acrylate and propronate esters a reductmn in retentron is’ observed wrth
K unsaturatlon ‘on the SE-30 phase. ‘Heére reduced retention’ could be- expected due to
‘the double: bond but, con]ugatmn with:the ester carbonyl should increase the retention.
Thls system wrth the: statmnary pha_se_s‘of mcrea.smg polanty shows the antlcrpated .
increase, rretentlon. ‘The: r‘i‘leth_, ylate: and ‘¢rot "on the. phases show
 greater’ retention than the corresponding saturated esters. The methacrylates due to

-, their ‘branched. chain have lower.retention than,the. crotonates on each. phase.., ...
e With fatty esters.the 1ntroduct10n of unsaturatron produces little relative effect
o on boﬂmg pomt but wrth sunple esters va.na.tlons in b0111ng pomt are, more apparent '
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pomt of sxmple unsaturated esters.on’a non-polar phase plays a very 51gn1ﬁcant role
" in determining the retention.
_ The effect of unsaturatmn in the alcohol chain is shown in Table II1, whlle
_ Figs. 2a-b show plots of the esters obtained using SE-30 and XE-60 stationary phases
respectively. With vinyl and ethyl esters reduced, retention is experienced with the
unsaturated esters on all four stationary ‘phases. Increased:retention on the more
polar phases is not observed, the reduction being little affected by the four stationary
z pha.ses ‘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.

(a)

(o) | o
2t B3 o
iR (- | SR s s
I AR 2b L
T P AR ) A A R- coo'-'o‘u'ecu,f-‘
-7 S “osf. ‘ e
et IR LR B R- - :
cef . & B RO -CHECHy
TR -3 'n-c “GH= ven
oak o 0o-gH CHa
02 . ' 1o} -coo-gacH
- Cazl ‘é“"n-coo-cu-cn-cna'
| ‘ , ‘ 4 F -coo-cu-cn;cu
S Y

Number of C atoms in acid chuln (R) ‘Number of C atoms in acid cho'i.r'\ (R) .

: I‘xg 2. Plot of loganthm of relatwe tetentlon versus number of carbon atoms in the a.cxd cham'
of unsaturated esters on (a) SE-30 and (b) XE-60 stationary phases.

Allyl 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 antlclpa.ted :
terminal unsa.tura.tlon present as with the vmyl esters and the added methylene group
ina non-con]ugated environment would not be expected to be significant. .

Isopropenyl acetate showed an increase in retention on the non-pola.r phase
, sumlar to that shown by the methacrylate esters.

o The majonty of the structural a.rrangements mcludmg unsaturatlon, locatlon
of the double bond, i.e.. termmal or conjugated unsaturation and the presence of
, ‘branchlng exlstmg in the simple esters axamined have been stud.led in detail with fatty
~esters. It is well known that the partlcular location of a. double bond!?, 12 or methyl

group!® a.long a chain will mﬂuence retention due to interactions that occur. It is
apparent from this work that studles of fatty esters prov1de little information relevant
to the simpler compounds due to. the s1gn1ﬁcant effect of 1ntera.ct10ns that are present

CH,,

The CH,=C- structure of the methacrylate and Jsoprenyl esters is not widely ex-

: penenced in fatty esters and its behaviour is not apparent from a con51derat10n of

oo Je Cltromatog.,‘sx (1970) 415~422
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