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GAS CHROMATOGRAPHY OF HOMOLOGOUS ESTERS 

PART III. INFLUENCE OF STATIONARY PHASE POLARITY ON 

RETENTION OF ALIPHATIC ESTERS 
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SUMMARY 

The retention behaviour of a number of series of saturated homologous esters 
on polysiloxane stationary phases of increasing polar character is reported. 

INTRODUCTION 

The retention behaviour of homologous saturated esters on the essentially non- 
polar Methyl Polysiloxane SE-30 stationary phase has been reportedI. With little 
hydrogen bonding occurring, retention was primarily related to the boiling point of 
the esters. The familiar deviation of the retention of the methyl esters from a linear 
relationship with carbon number was observed while a similar effect was apparent 
with isopropyl esters. These variations were largely attributecl to the generally higher 
and lower boiling points, respectively, of the methyl and isopropyl esters with respect 
to the other members of the homologous series rather tllan to any column effect. 

The esters were conveniently represented as 

0 
II 

R-C -0-R’ 

where the carbon numbers of the acid and alcohol chains are R and R’, respectively. 
Tile data of homologous esters on an SE-30 stationary phase when considered 

with regard to boiling point showed the following features common to retention 
beliaviour : 

(I) The slopes of plots representing esters with the same number of carbon 
atoms in the acid chain (R) decreases as the value of R increases. 

. _ . ___ _ 
’ Prcscnt aclclrc5s Colonial Sugar licfining Co. Ltd., F3roaclwatcr Mill, l<~chmond Rlvcr, 

N.S I\’ 2478, Australia. 
l ’ To wholn rcqucsts for rcprlnts should bc aclclrcswd. ” 

.I, C/rvor,tatog., 49 (1970) 4og-qz8 
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(2) The methyl esters have slightly higher boiling points than expected from 
the slopes of the corresponding ester plots, while that of methyl formate shows a 
linear relationship with the alkyl formates. 

(3) The isobutyl and isopentyl esters have boiling points relatively constantly 
lower than the corresponding rt-alkyl esters, while the slopes of the boiling point plots 
of these series are parallel to those of the rt-alkyl esters. 

(4) The isopropyl esters have boiling points lower than expected from the 
slopes of the plots of the higher isoesters. 

(5) The boiling points of esters where either R or R’ or both of them have 
branched chains similarly tend to follow the retention behaviour. 

In this work the retention behaviour of aliphatic esters with R and R’ varying 
between o and 6 and between I and 8, respectively, on silicone stationary phases of 
increasing polar character is reported and the results are compared with the earlier 
observationsl. 

The gas chromatography of aliphatic esters has been extensively documented2 
and systematic studies relevant to this work have been previously reviewedl. 

EXPERIMENTAL 

Prej+aration of esters 
The esters where available were of commercial quality and of substantial purity. 

The remainder of the esters were prepared in the laboratory using conventional 
esterification or transesterification procedures and were purified before use. 

Stationary @hams 
The stationary phases were all polysiloxanes. The Methyl Silicone Polymer 

SE-30 without effective polar groups on the polymer chain can be considered as 
essentially non-polar. 

TABLE I 

ROHRSCHNEIDER CONSTANTS OF STATIONARY PHASES 

Phase X Y z u S 

SE-30 0.16 0.20 0.50 0.55 
OV-I 

0.48 

7 1.30 I 66 I.79 2S3 2.47 
OV-25 1.76 2.00 2 I5 3.34 2.81 
XE-60 2.08 3 85 3.62 5s33 3.45 

Replacement of methyl groups by polar or polarisable substituents allows an 
increase in the polarity factor of the stationary phase. The polysiloxanes OV-17 and 
OV-25 containing 50 and 75% phenyl groups based on substitution of methyl groups 
in a dimethyl-polysiloxane polymer have been used together with XE-60 with a 50”/~ 
replacement of methyl groups by cyanoethyl groups. 

Classification of stationary phase characteristics in terms of Rohrschneider 
constants for the polysiloxanes used3 is shown in Table I. 

J. Chromatog., 4g (1970) 409-418 
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Gas chromatografdy 
The retention data were obtained on a modified F & M 8ro/2g Research Chro- 

matograph with simultaneous flame ionisation and thermal conductivity detection 
and fitted with an improved flow control system. Two 12 ft. x $- in. O.D. aluminium 
columns were packed with 10% of the stationary phase on 60-80 mesh acid-washed 
and silanised Celite 560 and operated isothermally at 150~. 

With thermal conductivity detection the following conditions were used: in- 
jection temperature, rgo”; detector temperature, 220~; bridge current, ISO mA ; 

carrier gas, helium; flow rate, 65 ml/min with an inlet pressure of 40 p.s.i. 
The retention data of the esters examined are shown in Table II as net retention 

(V,), relative retention (Vn) using nonane as standard, and as retention indices (In). 

DISCUSSION AND RESULTS 

Plots of the logarithm of the relative retention volume against the number of 
carbon atoms in the alcohol chain (R’) for the normal and isoesters produced a series 
of linear relationships for each of the stationary phases. Plots of the esters examined 
on OV-25 are shown in Fig. I. 

Positive and negative deviations from linearity existed with the methyl and 
isopropyl esters on all four stationary phases. With SE-30 and OV-17 the slopes of the 
plots decreased as the number of carbon atoms in the acid chain increased, i.c. R 
equals o to 3, after which the plots are parallel. With OV-25 the greatest slope was 
observed with the acetate esters while the formate and propionate esters produced 

4 5 6 
Number of Catoms in alcohol chain CR’) 

Fig. I. Plots of the logarithm of the rclntlvc rctcntlon volume VCYSZ~S the number of carbon 
atoms in the alcohol chain of saturatccl esters on OV-25 stationary phase wth varying alcohol 
chain (R’) length wth R’ formmg both normal and lsoevtcrs while the aclcl cham (R) IS hncar. 
n = C,TI,,COOR' , I3 = c,I-I,,coo1soli', 
l3 = C,H,COOisoR’, 

C = C,,H,COOR' ; 
E = C,H,COOR’, 

c; = C,H,COOR’, 
F = C,H,COOisoR’; 

H = C,H,COOisoR' ; 
J = CH,COOisoR’, 

1 = Cl-T,COOR' : 
IC = HCOOR’, I. = HCOOisoR’. 

J. CllYor?lnto~.. 4g (1970) dog-.+I8 
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parallel plots as did the butyrate, pentanoate and hexanoate esters, but of slightly 
lower slope. A different behavlour is observed with XE-60, where the slopes are all 
very similar but with the propionate esters having a slightly greater slope than the 
other ester series. 

When the number of carbon atoms in the acid chain was three or more, an 
incremental increase in the carbon number in either the acid or alcohol chain resulted 
in an increase of 95, 97, 96 and IOO retention index units per methylene group using 
the stationary phases SE-30, OV-17, OV-25 and XE-60, respectively. With the allcyl 
formates on SE-30 an increase of about 108 retention index units per methylene group 
in the alcohol chain was observed while on the other phases the differences in slope 
of the formate and other ester lines were lower and the differences in retention indices 
were accordingly less. 

The increased and decreased retention of the methyl and isopropyl esters on the 
four phases are shown in Table II I. 

RElISNlION 1NIJE.X VARIAIION FOR MlClIIYL ANI., IbOPROPYL ESTERS 
-~ _--- --- _--___ - _ _ _ 

Eslcvs Statronary phase 
_---__---- -_ -----_ 
SE-go 0 V-17 0 V-2.5 x1:-60 

- ---. _- . _ - -_ _-_ _ - 

MAhyl 30 35 30--P 2.5-50 
Isopropyl 20 25 25-35” 15-30 

---- _ --- 

a Isopropyl formate cxhlbltecl a clccrcasccl retention of nearly 50 lnclcx units 

The relative retention of the various esters when plotted against the number of 
carbon atoms in the acid chain (R) produced a series of essentially linear relationships 
on the various stationary phases. The plots for esters on the OV-25 and XE-60 phases 
are shown in Fig. 2. 

The normal esters where R = 4, 5 and G produced parallel plots while esters 
where R = o to 3 showed a gradual decrease in slope from R = o to R = 3. 

Plots of this type have been shown1 to accentuate the difference in retention 
behaviour of methyl formate and the other methyl esters on SE-30. The same effect 
is apparent with the OV-17 and OV-25 phases but with SE-Go the reverse behaviour 
occurs, i.c. methyl formate and the other methyl esters produce a linear relationship 
while the formates in the other plots show an increased retention in 1Ggs. za and b. 
The difference is shown in Figs. 2a and b, with results on OV-25 and XE-60 stationary 
phases. \Vith chromatography on the XE-60 stationary phase and to a lesser extent 
on 017-25 it was apparent that the fit of the points to the various plots was not as 
satisfactory as with SE-30 and OV-17 or with tile a-alkylacrylic esters on the SE-30 
stat lonary phase where linear plots with the acid carbon chain (Ii) as an ordinate 
welt first reported 4. I;urther studies are being undertaken using polysiloxane station- 
ary pln~sc with Rohrschneider constants intermediate between OV-25 and XE-60 and 
greater than X&Go using both aliphatic and olefinic esters such that the applicability 
of the relationship shown in ITig. 2 can be more widely examined. 

J. Chvonlalo~., .+g (1970) .+09-q 18 
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# I 

1 2 3 4 5 
Number of C atoms tn acid chain (RI 

10: 
s- 
6- 

4. 

0:- 
0.6 - 

04. 

(b) 

02 

t 
0.1) ’ I k 

Nuzber of: ato& in dd chat: (RI 
5 

Fig 2. Plots of the logarithm of the rclatlve rctentlon volume ZJCYSUS the number of carbon 
atoms m the acid chain of saturated esters on (a) OV-25 and (b) X&Go stationary phases with R 
of both normal and isostructurc while the alcohol chain is lmcar. 
A = RCOOC,H1, ; C 
I3 = lsoRCOOC,H,,, 

B = isoRCOOC,H,,, 
IZ = RCOOC,I-I,; 

= RCOOC,H,, ; 
F 

G = RCOOC,H,: H = isoRCOOC,HI:, 
= isoRCOOC,H,, 

I 
J = lsoRCOOC,H,, K = RCOOCH,, 

= RCOOC,H,, 
I. = isoliCOOCI-I,. 

It has been shown with SE-30 that normal and isoesters having the same carbon 
number in the acid chain (R) exhibit a constant decrease in retention index, but the 
decrease varies for esters of different acid chain lengthl. A similar situation exists with 
chromatography on the other phases and the incremental decreases for the various 
ester series on each phase is shown in Table IV. 

No worthwhile conclusion can be drawn from this comparison. It is evident, 
however, that the earlier observation1 that as the number of carbon atoms in the acid 
chain increases, the decrease in retention due to branching in the acid chain is reduced, 
is not generally apparent. 

The effect of branching in the alkyl groups on both sides of the carbonyl group 
are shown in Figs. 3 and 4. 

TABLE IV 

RRTENTION INDEX DECREASES ON BRANCHING IN THE ACID CHAIN 

Carbon 
number 

Stationary fikasc 

in acad sl.z-30 
caaan R 

0 v-17 OV-25 XE:-Go 

- 

3 47 59 55 45 
5* 43 35 47 60 75 

49 41 39 _- - 

J. ChYOWltO~., 49 (1970) 409-418 
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1OL 
8- 
6- 

4. 

% - 

2- 

Oil; 4 5 6- 
Number of C atoms in alcohol 

chain (R’) 

004L --- - 
012345 
Number of C atcfns 
In alcohol chain (R’) 

Fqg. 3. Plots of lognrrthm of rclatlvc rctentlon vwsus nnmbcr of carbon .ttom 111 the alcohol chain 
of saturated cstcrs on OV-17 stationary phase wth rsoalcohol chams (Ii’) and wth normal and 
lsonc~l chains. 

CW, 
I 

A = C~~~,CI-~,CI-I,CI-I,CH,COOI~~I~‘, 

C :-i CI-Z,CHaCI-I,CII,COO~soIC’, 

13 = CH,- IN-CH,-CI-I,COO,soIi~ 
CH:, 
I 

I) = CH,-CH-CH&~~I~~R’, 
CHs 

T< = CH,CH,CH,COOisoK' , 1; c CH ,--CH-CClOisoIi’ 

Fig 4. Plots of logarithm of rclatlvc rctcntlon Z/EYSLCS nurnbcr of carbon atoms 111 the nlcohol 
chain of normal saturated cstcrs whcrc R = Ii’ on (a) SE-30, (b) OV-17, (c) OV-tg and (d) SE-60 
stationary phases 

Plots of relative retention for the isoallcyl esters with respect to the isoallcyl 
branched acid chain esters are shown in Fig. 3 for the OV-17 phase and it is evident 
that branching of the acid chain reduces the retention of the isoalky1 esters by a 
constant factor for esters with a constant number of carbon atoms in the acid chain. 
The retention index differences for the four phases are shown in Table V. 

The effect of the carbosyl group on the retention of the +alkyl esters is ap- 
parent from Fig. 4. An essentially linear relationship for esters with the same number 

TAI3LE V 

EFFECT 01’ HRANCITING OF ISOALKYL ESII;RS 

3 40 GO 03 57 
4 46 59 6-I 52 
5 30 35 18 46 



418 I. D. ALLEN, J. K. HAKEN 

of carbon atoms in the R and R’ chains is achieved and asconstant effect of the 
carboxyl group by both R and R’ is indicated. 

By extrapolation of the plot to zero, i.e. R = R’ = o, the net retention volume 
of the carboxyl group was obtained. The net retention of the group increased with 
increasing polar character of the column and is approximately 304, 410, 450 and 520 

retention index units for the SE-30, OV-17, OV-25 and XE-60 stationary phases, 
respectively. 

Examination of the actual retention characteristics on the four stationary 
phases shows that relative retention volumes on less polar phases are smaller. The 
retention volume of the hydrocarbon reference compounds decreases with increasing 
polar character of the column such that esters on the XE-60 phase had the smallest 
denominator and thereby the highest VR and In, the net retention being highest on 
the least polar phase. 
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