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SUMMARY 

Reduced retention of branched-chain esters due to screening of the carboxyl 
group is reported by considering the retention behaviour of the n- and isoalkyl esters 
of pivalic and pentanoic acids on polysiloxane stationary phases of varying polar 
character. . 

_. __ ..__ 

INTRODUCTION 

Many workers have investigated the relationship between gas chromato- 
graphic retention and the chemical structures of the solute and solvent. Some empirical 
rules concerning retention with both polar and non-polar solvents and solutes have 
been known since the earliest works and although they have been refined to include 
the interactions of donor and acceptor groups in both species, these considerations 
would appear to be of limited general application. Elution of non-polar compounds 
according to boiling point or molecular weight on non-polar substrates has been ex- 
tended to a study of simple esters1-3 from which it is apparent that the compounds are 
frequently eluted substantially following boiling point, which is influenced by the 
shape of the molecule and the resultant steric hindrance. With substances that are 
hindered, some screening of the interactive.group can occur and the increased reten- 
tion anticipated with the use of more polar phases is not as significant. 

The present work considers the concept of screening by a study of the effect of 
stationary phases of increasing polar character on the retention behaviours of the n- 
alkyl pivalates, where the carbonyl group is adjacent to a terr.-butyl group, and of the 

* Part VII: J. K. Haken, D. K. M. Ho and C. E. Vaughan. J. Chrotnatogr., 106 (1975) 3i7. 
** To whom correspondence should be addressed. 
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isoalkyl esters, where chain branching also occurs adjacent to the carboxyl oxygen 
atom. 

Limited retention data of the methy14vs and ethyl esters” have been reported 
while the most extensive work by Eidus and co-workers’ showed retention plots of the 
a,a-dimethylalkanoic acids and of their isobutyl esters on a polar column containing 
18 Y0 DEGS and 4 x, phosphoric acid. Plots were also shown of the a-alkanoic, the 
a-ethylalkanoic acids and of the isobutyl esters. The retention of the acids and esters 
of the a,a-dimethylalkanes <=a-methylalkanes < a-ethylalkanes while the first mem- 
ber of the dimethyl series on both plots, i.e. pivalic acid and isobutyl pivalate, showed 
substantially reduced retention as compared with the other members of the series. 

EXPERIMENTAL 

The retention data used were obtained isothermally at 150” using 12 ft. x 1/d 

in. O.D. aluminium columns with IO”/, stationary phase on 62-72 mesh acid washed 
and silanized Celatom, as previously reportcd3. 

The intercepts of the retention plots of the homologous series were calculated 
from the line of best fit determined by regression analysis using a simple programmable 
calculator. 

RESULTS AND DISCUSSION 

The retention data of the esters examined are shown in Tables I and II as re- 
lative retentions ( Vn) using n-nonane as standard and as retention indices (I). Figs. la 
and I b show retention plots of the n-alkyl pivalates and the normal-acid-chain esters 
of the same carbon number, i.e. n-pentanoates, respectively, on a series of polysiloxane 
stationary phases of varying polar character. From Fig. la, it is evident that the reten- 
tion of the branched esters is significantly reduced as compared with the normal esters 
(Fig. lb). The behaviour on the non-polar phases follows a boiling-point relationship 
as the branching causes the usual reduction in boiling point relative to the straight- 
chain homologs. The retention of both series is increased as the polar nature of the 
phase is increased, although it is apparent that with the pivalates the increased reten- 
tion over the range of phases is reduced. This effect, which might be expected as the 
polarizablc groups of the esters are partially shielded from the interactive groups of 
the polar phases and the repulsive forces, and the solute retardation are not as great 
as with the straight-chain esters. The customary increased retention of methyl com- 
pounds occurs with both series of compounds. 

The retention increments due to the carboxyl group of the n-alkyl esters on 
various phases have been reported previously3 and were found as the intercept of the 
linear retention relationship calculated from the line of best fit determined by regres- 
sion analysis where the abscissa was considered as the total number of carbon atoms 
due to the alkyl groups. With the esters previously reported, the incremental value for 
the carboxyl group was observed to increase as the polar character of the stationary 
phase was increased, and the same effect is observed with the values determined for the 
pivalate series, which are shown in Table III together with values for the n-alkyl esters. 

Figs. 2a and 2b show retention plots of the isoalkyl esters of pivalic and n- 
pentanoic acids, respectively, on the same phases. In common with the behaviour 
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Fig. 1. Retention plots of (a) n-alkyl pivalates and (b) rr-alkyl pcntan,oatcs on (1) SE-30, (2) DC-230, 
(3) OV-7, (4) DC-710, (5) F-400, (6) 100% Phenyl, (7) F-500, (8) OV-225, (9) QF-1. (10) SILAR 
SCP. (11) XF-1150. (12) DC-530 and (13) XE-GO. 
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TABLE III 

RETENTION INCREMENT FOR CARBOXYL FUNCTION IN 
CHAIN AND PIVALATE ESTERS 

NORMAL STRAIGHT- 

SE-30 
DC-230 
ov-7 
DC-710 
IOO% Phenyl 
F-400 
F-500 
XE-GO 
ov-225 
QF-1 
SILAR SCP 
XF-1150 

Stalionary 
phase 

lncrernerit 
---_..- 

Simple Pivalate 
esters esters 

324 193 
320 218 
363 226 
417 281 
548 314 
417 301 
473 321 
539 381 
558 384 
571 372 
663 413 
718 441 

.-._-. . __ .._ -._.-._ ._--- _.._... 

shown in Figs. la and lb, the retention of both series is also increased as the polar 
character of the phase is increased. However, the increased retention over the range of 
stationary phases is lower than with the isoalkyl pivalates. 

The increased retention due to polar interactions, i.e. JXF_1150-JSE_J0, being 
greatest with thert-alkyl esters, and decreasing with isoalkyl esters, +alkyl pivalates and 
isoalkyl pivalates. Incremental values for the carboxyl group of the isoalkyl esters are not 
shown owing to the non-linear nature of some of the plots. Also with the esters reduced 
.retention of the isopropyl compounds occurs, as discussed previously by Allen and 
Eiake#, and sufficient data are not available to determine a reasonable line for com- 
parison. 

(b) 

I I I I I I 

8 9 10 800’ 
8 9 10 

Total carbon number Total carbon number 

Fig. 2. Retention plots of (a) isoalkyl pivalates and (b) isoalkyl pentanoates on stationary phases as 
shown for Fig. 1. 
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