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SUMMARY 

The influence of the polarity of the stationary phase on retention increments of 
homologous and isomeric unsaturated esters is detailed and the results are discussed 
in terms of the findings of earlier studies that have been reported where restricted 
ranges of solutes and solvents were considered. 

INTRODUCTION 

The gas chromatography of unsaturated long-chain esters has been extensively 
studied and relationships generally dependent on the additivity of structural units 
have been reported. The relationships which have been the subject of several re- 
views1-3 have largely concerned the naturally occurring fatty esters where the un- 
saturation is usually methylene-interrupted and tends to be concentrated near the 
centres of the alkyl chains. The availability of more extensive retention data of iso- 
merit esters has shown that the earlier relationships are not generally applicable and 
where unsaturation is near the chain extremities significant interactions occur3*J. It 
has been demonstrated qualitatively that three sections of the chain should be con- 
sidered. a central region where the additive relationships are applicable, near the 
carbonyl group and near the chain end 5. Reports periodically appear” showing the 
retention behaviour of complete homologous series of fatty esters and a more de- 
tailed study than currently presented showing the influence of unsaturation along a 
chain may soon be possible. 

With the shorter-chain esters the proximity of the chain extremities and the 
unsaturation might be expected to have a marked effect on the retention behaviour. 

The gas chromatography of a variety of the simpler unsaturated esters have 
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been extensively documented in data compilations7*” and systematic studies relevant 
to this work have been previously reviewed”. 

The present study extends the simple structure-retention trends observed in 
our previous work in terms of statistically determined increments for the structural 
parameters present in the series of unsaturated esters examined. A more compre- 
hensive range of compounds and stationary phases is evaluated than previously 
employed to provide carefully prepared data for further study of the substance polarity 
factors of Rohrschneider. 

EXPERIMENTAL 

Chromatography was carried out on a modified F & M 810/29 Research 
Chromatograph fitted with improved flow control and thermostatic column-oven 
controller. The oven temperature was independently monitored throughout the deter- 
minations with a calibrated thermocouple. The retention data were obtained isother- 
mallyat 150” using 12ft. x 4 in.0.D. aluminium columns packed with 10% stationary 
phase on 62-72 mesh acid-washed and silanized Celatom. Flame ionization detection 
was used with the following conditions: injection temperature, 190”; detector tcmper- 
ature. 220”; carrier gas. helium; flow-rate, 30 ml/min with an inlet pressure of 45 
p.s.i. 

Stat iotiory phases 
The stationary phases used were all polysiloxanes and could be separated into 

three basic classes depending on the type of substituent group. Class I consisted of 
non-polar phases. primarily containing alkyl groups, class II of the low- to medium- 
polarity donor phases, containing groups capable of exhibiting donor properties, 
and class 111 of the medium to polar acceptor phases, which contained substituents 
exhibiting acceptor properties. 

The degree and type of substitution, as well as the classification of polarity 
in terms of Rohrschneider constants, for the polysiloxanes have been showny. 

Low-molecular-weight polydiphenylsiloxane oligomers were prepared by con- 
ventional synthesis; diphenyldichlorosilane containing less than I OA, triphenylchloro- 
silane as chain terminator was hydrolyzed by slowly dropping it into a lo<;/, sodium 
carbonate solution. A reaction temperature of 25” was maintained to minimize any 
preliminary polymerization while the hydrogen chloride evolved was neutralized and 
the solid di- and triphenylsilanols formed weye broken up. 

The dry silanol mixtures were polymerized by heating a solution in toluene 
containing potassium hydroxide. The reaction was continued until water liberation 
ceased and further toluene was added to dissolve the low-molecular-weight products 
while the higher-molecular-weight species were essentially insoluble at room temper- 
ature. The soluble material was neutralized, freed of water and toluene and recovered 
as a white solid. 

Prepar’a f iorl of ester:~ 
The esters were largely of commercial quality and of substantial purity. 

Esters prepared in the laboratory employed conventional esterification or transesterifi- 
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cation procedures using the macroreticular acidic ion exchanger Amberlyst 15 (Rohm 
& Haas, Philadelphia, Pa., U.S.A.). 

RESULTS AND DISCUSSION 

The retention data of the esters examined are shown in Tables 1 and II as re- 
lative retention. VJt, using n-nonane as standard and as retention indices, 1. The esters 
are convenient1 y represented as : 

0 
II 

R-C-OR’ 

where R and R’ are the number of carbon atoms in the acid and alcohol chains, 
respectively. The effect of unsaturation in the acid chain R, on retention is shown in 
Fig. 1 for four stationary phases, i.e., SE-30. polydiphenylsiloxane (lOO(;/, Phenyl). 
DC-530 and Silar 5CP, while the deviations due to unsaturation with respect to the 
corresponding saturated esters9 are shown in Table II1 for all of the stationary phases 
considered. 

The plots in Fig. 1 show considerable variation in relative retention. although 
three of the ester series are isomeric, differing in branching and position of unsatur- 
ation. Examination of boiling-point differences shows that the retention behaviour 
exhibited in Table III and Fig. 1 for non-polar phases is, as expected, closely related 
to boiling point. An important feature of the boiling-point differences of the ethyl 
esters is that the 2-butenoate ester (the /ram isomer or crotonate ester) and the 3- 
methyl 2-butenoate ester exhibit an increase in boiling point of approximately 25” 
when compared to their saturated homologs. i.e., ethyl butyrate and ethyl isopen- 
tanoate. While it would be expected that these unsaturated estersexhibit aslightchange 
in dipole moment due to the combined effects of the weakly donor methyl-branched 
groups and loss of rotation due to the position of the unsaturation, the large increase 
in boiling point is unexpected. From a study of molecular models, it was apparent 
that the boiling points were affected by the shape of the molecules and steric hindrance 
of the carbonyl group. The 2-propenoic, 3-butenoic, 2-methyl-2-propenoic and the 
cis-2-butenoic acid esters were either compact molecules or capable of forming com- 
pact molecules due to rotation around the single bond in the acid chain. This would 
result in these substances having similar boiling points to their saturated homologs. 
The 2-methyl-2-propenates exhibited slightly higher boiling points (8”), but due to 
the position of unsaturation in the acid chain, are less likely to form as compact a 
side chain, nor will this acid chain shield the carbonyl group to the extent of the satur- 
ated ester, i.e., the isobutyrate esters. The ?l’ntls- 2-butenoate and 3-methyl-2-butenoate 
ester series exhibited a similar basic structure, and were the only series of esters where 
the rotation of the acid chain did not significantly affect the shape of the molecule or 
sterically hinder the carbonyl group to the extent of their saturated homologs, hence 
their higher boiling points. 

It is apparent from Fig. 1 that as the polarity of the stationary phase increased, 
the separation (or intercept) of the series changed, such that the retention volumes of 
the 2-propenoate, 2-butenoate and 3-butenoate ester series increased with respect 
to that of the 2-methyl-2-propenoate and the 3-methyl-2-butenoate series. This effect 
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Fig.11. Plots of logarithm of rclativc retention (VI,) IWSIIS the number of carbon atoms in the acid 

chain (R) of unsaturated esters. A, 2.propenoatcs; B, 2-methyl-2-propenoates: C, 1-butenoatcs: 
D, 2.butcnoates; E, 3-methyl-2-butenoates. 

is due to isomerism in the acid chain and consequent screening of the carbonyl 
group which as reported previously’ was found to result in negative deviations from 
normal structures that increased with polarity of the stationary phase. 

Table III shows a trend where the deviation between the unsaturated and 
saturated esters increased positively with the increased general polarity of the station- 
ary phase, This behaviour was a result in part of the presence of the polarisable double 
bond which in all series, except tile 3-butenoate esters, was conjugated to the n-bond 
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TABLE I11 

EFFECT OF UNSATURATlON IN ACID CHAIN 
..- .--.... ..- . _._.__.__ ., _ _.._ ,._.. _ ..___.. _... -. 
Stnfiorlary pllasc Reterrtiorr in&s cf~~bwrcs o/’ satrrra~ed urrd tnlsattrrated ethyl esters 

-.- ___.. -_._ --_ _._. . .._ .-_ .._.-. . 
2-Propetloatc 2-MCVll.vl- 2-nrrterlonre 3-Oitterroati~ 3-M‘~r1l_vt- 
(-0.6”) l 2-properluate (25.0”) ( I.OO) 2-t!!rrliwoafe 

(8.0”) (22.0”) 
.-... __....__.... . _.-_-- .._.. . -...-_ _... . 

SE-30 e-7.2 29.1 47.8 -- 12.2 G6.h 
ov-7 .- 5.3 34.6 59.5 - 7.3 89.0 
DC-7 IO -3.2 36.8 72. I 0.9 105.7 
OV-25 4.0 46.3 83.6 6.2 121.6 
100% Phenyl 17.0 69.9 111.4 25.9 143.5 
DC-230 0.2 31.1 54.4 *- 12.5 81.8 
DC-530 5.8 38.0 60.6 21.3 82.6 
XE-60 2.9 41.4 89.2 13.9 107.1 
XF-I 150 25.9 58.5 I 1 I .4 35.4 127.7 
OV-225 11.7 56.0 106.7 26.2 124.8 
Silar 5CP 13.8 (12,s 114.9 32.5 137.7 
F-400 -4.7 29.8 70.7 -.- 8.6 79.6 
F-500 -3.0 34.7 75.5 --. 6.5 91.1 
QF-1 2.1 14.3 70.8 14.7 59.4 

. _. ._.._.. ,. __ _._._ .,, .._ . . 
l Values in parcnthcscs are boiling-point diff’crcnccs between saturrttcd and unsaturcltcd ethyl 

cstcrs’” . 

in the carbonyl group. This effect is known to be more polar than with conjugated 
systemslo due to the resultant increased polarisability, i.e. 

0 0 
+-+ II + -z- -I- --+I1 
CHL=CH-CH2-C-OR’ CH3-CH2=CH-C-OR’ 
3-Butenoates 2-Butenoates 

Allen and Haken’” concluded that the dipole moment of esters is not as great as the 
degree of polarisability, and the dipole moment of esters is little influenced by un- 
saturation, although it increases the polarisability. While this is undoubtedly correct, 
it is very difiicult to measure the erect of unsaturation entirely free of other interac- 
tions, The increments in Table 111 are measured relative to normal and branched- 
chain saturated esters of equivalent carbon number and structure. It is noteworthy 
that in many instances the structure of the saturated ester is quite different from the 
unsaturated one as is apparent when the isopentanoate structure is compared with 
the 3-methyl-2-butenoate structure where the carbonyl group in the saturated ester 
structure is liable to be more sterically hindered by the acid side chain than in the 
unsaturated ester. This effect is common to many of the other homologous series as 
the geometry of the molecule can be severely affected by the different bond angles 
that n-bonds introduce. Hence this increased polarisability observed in Table III 
may primarily be due to the increased polarisability of the n-bond, but may also be a 
result of a decrease in shielding of the carboxyl group by the acid side chain, as un- 
saturation can reduce the rotation and change the bond angles and structures us~~ally 
exhibited by saturated esters. Branched-chain saturated esters have exhibited negative 
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TABLE IV 

EFFECT OF POLARITY ON DEVIATIONS DUE TO UNSATURATION 
_ _.. ,__ ._._ -. .._. _... _ __.. .,....... ._ ,.._ __._.___.. __... _... __ _.. ^ _ . ._ _ . . 
Stationary plinse Reterrtiorr index diflercnce of satwatcd and msatrrratcd series 

__.._-_.___ . .._ ._.-__-._._ -. . . . -.. - _ __... 
2-Propwonte 2-hk?tll_vl- 2-Blrtetroatc 3-Butcrtontc .%Mcthyl- 

2-propetroatc 2-btrte?tonts 
_ _... _ ___ ._ _~ _ _._ ._..... .__ . - -__ _.._ ..--- 
ov-17 4.0 7.7 24.3. 13.1 39.3 
DC-530 13.0 8.9 12.8 33.5 16.2 
ov-25 11.2 17.2 35.8 18.4 55.2 
100 0A Phcnyl 24.2 40.8 63.6 38.1 77.1 
XE-GO 10.1 12.3 41.4 26.1 40.7 
XF-1150 33.1 29.4 63.6 47.6 G1.3 
Silnr SCP 21 .o 33.4 67.1 44.7 71.3 

deviations that increased with polarity, compared to less sterically hindered molec- 
ules9. 

The magnitude of the deviations due to unsat!lration on the polar donor and 
acceptor phases are shown in Table IV where the two most polar acceptor phases 
Silar 5CP and XF-1150 show the greatest deviation. This deviation, however, is only 
just greater than t.hat with 100% Phenyl which exhibits only half the general polarity9 
as compared to XF-1150. Similarly on OV-25 the deviation exhibited is comparable 
with XE-60,OV-25 being considerably less polar. This trend is not observed with the 
donor DC-530 phase, which is slightly less polar thnn OV-25 but more polar than 
OV-17, as in general the deviations obtained with DC-530 are similar or lower than 
those obtained with OV-17 (the 3-butenoate esters are the exception). The increased 
deviations found with donor phenyl phases, may be a result of an increased z-bond 

TABLE V 

EFFECT OF DEVIATIONS DUE TO METHYL, ISOPROPYL, ISOBUTYL AND ISOPENTYL 
STRUCTURES 

. _ _. _. -. .,. . ., _ 
Stutiotrary 
phase 

SE-30 
ov-7 
DC-710 
ov-25 
t 00 “/, Phcnyl 
DC-230 
DC-530 
XE-60 
XF-I 150 
ov-22s 
Silar SCP 
F-400 
F-500 
QF-1 

Retett?iorr itrdcx ihfcretrce 
._.. _ 

Methyl average Isopropyl average Isohtyl uvcrge lsopetrtyl uveragc 

Urisat. 

19.2 
20.8 
24.4 
28.0 
34.0 
24.2 
27.8 
33.4 
23.6 
35.4 
37.2 
24.0 
22.8 
2G.G 

_ _-. . . 

OvcraN 

19.9 
21.9 
24.7 
27.5 
34.0 
23.2 
26.5 
31 .G 
35,9 
35.5 
38.4 
25,l 
25.5 
22.6 

_- ..__ __ __. 

Utrsat. Overall 

-56.2 -55.6 
--64.9 -G5.4 
--68.4 -69.1 
- 80.6 -74.4 
-77.6 --GG.G 
-63.2 -63.6 
- 59.2 -62.4 
.- 79.8 -80.4 
-88.6 -86.1 
- 85.4 -85.4 
- 86.6 -88.4 
.- 66.0 -62.4 
-. 62.0 .-.Gl.2 
-65.0 -62,s 

utrsnt. 

- 36.8 -36.2 
--43.4 -43.4 
-47.8 -46.4 
- 50.4 -46.1 
-- 52.4 -52.0 
-41.0 -40.9 
-41.6 -38.7 
-48.2 -45.6 
-52.2 -46.4 
--51.6 -48.9 
--55.8 -53.5 
--39.0 -38.1 
.--40.0 -38.1 
-32.6 -31.1 

Overall Umat. Overail 

- 32.0 131-,& 

-- 35.2 -36.6 
-39.6 -40-2 
-45.0 --4002 
-42.8 -42.9 
-36.8 -37.7 
-34.6 -31.5 
-41.2 -40.0 
-41.2 -40.9 
-43.4 -43.3 
-44.8 -44.9 
-33.8 ---34.6 
--32.8 -33.5 
-30.2 -30.2 

_. __._.._ -__- .____.____ 
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interaction between the phenyl group attached to the stationary phase and the double 
bond present in the acid chain of the ester, 

Of the unsaturated ester deviations shown in Table III. two series exhibit 
increased deviation with respect to the other series on most phases. i.e.. the t-butenoate 
and 3-methyl-2-butenoate ester series. This behaviour apparently is related to the spe- 
cific rotations in the acid chain of these esters and consequent reduction in steric hin- 
drance. This as previously discussed, resulted in an elevation in the boiling points of 
these ester series when compared to their saturated homologs and as demonstrated 
here, makes these esters more susceptible to polar interactions9-*I. 

Methyl ester deviations are still apparent from Fig. I where no apparent trends 
could be observed between different series of unsaturated esters. In Table V the average 
deviations are shown for unsaturated esters in addition to the overall average methyl 
deviation on each stationary phase for all acid ester series, both saturated and un- 
saturated with deviations due to the isopropyl. isobutyl and isopentyl structures in 
the alcohol chain. Plots of this behaviour were essentially similar to that of the satur- 
ated esters9 and wkile variations occur between the unsaturated values and the overall 
average deviation, a definite trend was not apparent to indicate a change in polarisa- 
bility in the alcohol chain due to unsaturation in the acid chain. 

Fig. 1 shows that as the polarity of the stationary phase increases. especially 
on acceptor phases, i.e., Silar 5CP, the slope or incremental change of the ester plots 
decreases. This is consistent with the behaviour of the saturated esters9 and conse- 
quently is related to the polarisability of the esters on the stationary phases. The in- 
crements based on AI are shown relative to the hydrocarbon plot in Table VI. As 
this hydrocarbon slope was observed to decrease with increased polarity of the sta- 
tionary phase12, these increments for the alcohol chain of unsaturated acid esters do 
not decrease with increased polarity unless the slope of the V,z plot is less than that 
of the hydrocarbon plot, which only occurs on the more polar phases, i.e., XF-1150. 

TABLE VI 

INCREMENTAL RETENTION INDEX INCREASES ON HOMOLOGOUS 
UNSATURATED ACID ESTERS 
_._._.__..._...__... - ._..__........ _..._ .___ ____._ 
Statiotlary 
plum 

_ 
SE-30 
ov-7 
DC-7 IO 
ov-25 
100 % Plienyl 
DC-230 
DC-530 
XE-GO 
XF-1 150 
ov-225 
Silar SCP 
F-400 
F-500 
QF-I 

Ester series 

2.Prop,pellontP 

..-.. 
96.2 

100.9 
98.8 
97.8 
98,0 

lOl,l 
94.3 

loo,4 
863 

101.7 
962 

lOI, 
100,s 
98.4 

2-Butenoate 

94.3 94.7 93.2 
965 96. I 97.0 
97.5 97.7 96.3 
92.7 93.6 91.3 
94.2 94.8 91.8 
99.9 100.2 99.4 
95.9 96.8 96.7 
97.8 97.0 96.0 
86.4 87.5 85.5 
96.8 96.7 95.2 
94.3 93.4 90.9 
99.G 99.9 100.3 
97.6 98.4 96.4 

loo.3 97.0 97.6 

-_ --_ _ 
3, Me?llyl- 

2-brrterloate 
_. - _ 
92.4 
95.7 
95.4 
91.5 
90.8 
94.3 
94.5 
94.7 
86.5 
94.7 
89.5 
99. I 
95.8 
94.9 

_ _ 
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Fig. 2. Plots of logarithm of relative retention ( V14) wrws the number of carbon atoms in the alcohol 
chain CR’) of unsaturated esters, A, Imrrs-3-hcxenyl: B, c/s-3-hexcnyl; C, cis-Zhcxcnyl; D, tram-2- 
liexenyl. 

This behaviour was also observed for increments in the alcohol chain of saturated 
esters9. A comparison of the increments of saturated and unsaturated esters was in- 
conclusive, as no apparent trend was evident when the increments for similar struc- 
ture and carbon number in the acid chains were compared. It is generally apparent 
Ii-om Table V. that the smallest increment occurred with the unsaturated ester series 
exhibiting the greater retention or intercept with the y-axis in comparison to the series 
exhibiting the lowest, i.e., the 3-methyl-2-butenoates had the smallest increment and 

. 
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the 2-propenoates the highest, while the other unsaturated series were in between 
these, depending on the retentian posi,tion, or intercept with the y-axis. 

The effect of unsaturation in the alcohol chain, R’, is shown in Fig. 2 where 
V,, is plotted against R’ for cis- and rmns-2- and -3-hexenyl esters on DC-230, OV-25, 
OV-225 and X F- 1150 stationary phases. The deviations due to the effect of unsatur- 
ation in these esters when compared to hexanoate esters are shown in Table Vl for 
all stationary phases. On a non-polar graphitised carbon phase it was found that the 
cis isomer was eluted first for olefins13, unlike the behaviour of the geometric un- 
saturated esters here, which on non-polar phases followed that of the boiling points 
of the alcohols, i.e., the tram-3 esters were eluted before the cis-3 esters (b.p. of al- 
cohols 153” and 156”, respectively) followed by the cis-Zesters and finally the frarts- 
3-esters (b.p. of alcohols 156.0” and 157.5”, respectively). From Fig. 2, on non-polar 
DC-230 there is little separation between the cis-3-. cis-2- and fralts-3-esters which is 
consistent with the similarity in boiling-point behaviour of their alcohols.’ While the 
boiling points of alcohols are not always a true guide to the retention behaviour of 
their esters, the boiling points of these esters could not be determined accurately due 
to the micro-method of preparation of the ester series and thus a comparison of the 
alcohol boiling points was included, which in this case is apparently consistent with 
the ester retention behaviour. As the polarity of the phase increases the elution order 
changes, i.e., on the most polar phase XF-1150 the elution order in order of increasing 
retention is: trar1s-3-, cis-2-, frarts-2- and cis-3-hexenyl esters. However, with the 
second most polar phase, Silar 5CP, the order is slightly different. i.e., rrcews-3-, 
rrarw2-, cis-3- and cis-Zhexenyl esters. No definite trend is apparent when the elution 
on all phases is considered, as the retention volumes of these ester series were rela- 
tively close to each other, hence minor fluctuations in operating conditions would 
affect the elution order. It appears that the cis isomers were affected by polarity changes 
to a greater extent than the trms isomers as demonstrated by the elution orders above. 

From studies on fatty acids, it would have been expected that the elution order 
would be affected by the position of unsaturation, as it is well known’j that as unsatur- 
ation approaches the extremities of the molecule, or the polar group in the molecule. 
the retention of the molecule is increased. This trend was present in the hexenyl ester 
series studied here, as the 2-position isomers generally were eluted after the 3-position 
isomers especially on the lower-polarity stationary phases. On polar phases i.e. 
QF-1, this trend was not. always observed, and fatty-acid studies should not be used 
as a guide to the retention behaviour of simple esters, as polar interactions within 
the molecule in the latter systems are common, influencing retention more than in 
long-chain fatty acids and their esters, where intermolecular interactions are less 
prevalent. 

It is interesting to compare the relative magnitudes of the geviations due to 
unsaturation in the alcohol chain as presented in Table VII. On non-pohzr and low- 
polarity phases, i.e., SE-30, DC-230. F-400, etc.. the deviations are. as expected. 
negative, and similarly as the polarity of the stationary phases increases the deviations 
become positive. The magnitude of these deviations was not as expected, i.e., greatest 
deviation for the most polar phase. but they were similar to those found for un- 
saturation in the acid chain9. The greatest deviations are found with phases containing 
donor phenyl substituent groups, in spite of the fact that the most polar of these 
phases, 100% Phenyl, exhibits only half the general polarity of the most polar ac- 
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TABLE VII 

DEVIATIONS DUE TO UNSATURATION IN THE ALCOHOL CHAIN 

Statioflal~y 
phase 

Rctctrtiori itrdex ciiflitwrcc of Ircxenyl ester series 

SE-30 
ov-7 
DC-7 10 
ov-25 
100% Phcnyl 
DC-230 
DC-530 
XE-60 
XF-1150 
OV-225 
Silar 5CP 
F-400 
F-500 
QF-1 
_.--_-- _...... 

Paw-2 cis-2 zrarrs-3 cis-3 
. - .._ ..-. .__. -. ._.._. - ..-.. _-. _ _ . . -..._____ 
- 3.2 - 4.5 -10.5 - 4.5 

7.3 1.2 6.7 1.8 
17.2 10.8 3.2 7.7 
32.0 25.8 17.0 22.0 
38.0 27.5 27.2 29.8 

0.0 - 6.5 - 9.7 - 6.7 
6.5 1.7 - 4.0 0.8 

17.0 7.5 2.5 13.8 
19.7 19.0 5.5 25.0 
24.2 16.8 8.1 18.5 
22.8 28.3 13.0 25.2 

1.17 - 8.8 -- 10.7 .- 6.8 
3.83 -. 4.3 - 7.5 - 4.7 

-21.5 -27.3 -25.3 - 17.7 
- .._ .._ . ._ ._-. ._ 

ceptor phase, XF-1150. This trend cannot be due to the presence of donor groups, as 
DC-710 exhibited deviations that were three times greater than those determined on 
DC-530, a non-phenyl donor substituted phase of equivalent general polarity. This 
behaviour as previously discussed9 is probably a result of increased polarisation due 
to a z-bond interaction between the unsaturation present in both the ester chain and 
the phenyl group of the stationary phases. Confirmation of this behaviour is de- 
monstrated by the fact that both OV-225 and Silar 5CP stationary phases, containing 
both acceptor and donor phenyl groups, exhibit greater deviations than obtained on 
either XE-60 or XF-I 150, which are phases containing identical proportions of the 
same acceptor groups. From Fig. 2 it is also apparent that as the polarity of the 
stationary phase increases, the linearity of these plots decreases, and the.plots become 
curvi-linear. This effect is consistent with the trends reported previously with plots 
of the saturated alcohol ester series. For this reason the increments in the acid chain 
of the unsaturated alcohol ester series are not included. 
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NOTE ADDED IN PROOF 

Since submission of this works Silar 5CP has been re-named and is now 
available as APOLA R 5CP (Applied Sciene Labs. 1975 catalogue) and as AS 1 (ref. 16). 
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