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SUMMARY 

Primary straight-chain CI-CLz, C14, Cl6 and Cl8 alcohols and their propa- 
noyl, 2-chloropropanoyl and 3-chloropropanoyl derivatives have been analysed by 
gas chromatography on SE-30 and OV-351 capillary columns. The separation of a 
mixture of 60 components was complete on SE-30, some overlapping occurring on 
OV-351. As expected, the retention times of the homologous series increase with 
increasing chain length. The order of elution of the individual components in the 
mixture from SE-30 was C,+ 2-alcohol < C,-alkyl propanoate c C,-Z-alkyl 3-chlo- 
ropropanoate < C, _ l-alkyl 2-chloropropanoate. The corresponding order on OV- 
351, C,-alkyl propanoate < C,-alcohol < C,,+-alkyl 3-chloropropanoate < 
C,_t-alkyl 2-chloropropanoate (n 2 6), indicates the relatively shorter retention 
times of n-alkyl propanoates and relatively higher retention times of their mono- 
chlorinated derivatives. The short-chain (C,-C,) alcohols are eluted earlier than the 
corresponding n-alkyl propanoates on the polar column. The retention data for all 
compounds are given. 

INTRODUCTION 

The gas chromatographic (GC) retention behaviour of homologous esters has 
been extensively studied, e.g., by Haken and co-workers*p2. The interest in haloge- 
nated carboxylic acid derivatives has increased owing to their important biochemical 
properties, e.g., as herbicides and bacteriocides. Previously, a series of studies de- 
signed to maximize the separation of complex mixtures of various chlorinated esters 
with substitution in both the acyl and alkyl chains were reported3+, using temperature 
programming and non-polar and polar capillary columns. Capillary column chro- 
matography of alkyl acetates, chloroacetates, dichloroacetates and trichloroacetates 

l For Part XVI, see ref. 6. 
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and of chlorinated phenyl acetates was carried out to elucidate the effect of structure 
on retention incrementsl*J l. Komarek et al. r2*13 studied the GC of homologous 
series of halogenated esters containing fluorine, chlorine, bromine and iodine in either 
the alcohol or the acid moiety of the ester on packed and capillary columns with 
several stationary phases. The GC of alcohols has been widely studied, e.g., by Cas- 
tell0 and co-workersr4J5, and the GC behaviour of long-chain alcohols and their 
derivatives was described, e.g., by VandenHeuvel et 111.l~. 

The present paper describes the GC of primary straight-chain Ct-CIZ, CM, 
C16 and C18 alcohols, particularly their propanoyl, 2chloropropanoyl and 3-chlo- 
ropropanoyl derivatives. The separation of a mixture of 60 components was carried 
out on SE-30 and OV-35 1 quartz capillary columns with temperature programming. 
The relative retention times for all compounds are given and the retention behaviour 
on non-polar and polar stationary phases is discussed. 

EXPERIMENTAL 

Materials 
The G-k, C14, Cl6 and Cl8 alcohols were commercial products (Fluka, 

Buchs, Switzerland). n-Alkyl propanoates, 2-chloropropanoates and 3-chloropro- 
panoates were prepared from the corresponding alcohols and acid chlorides as de- 
scribed earlier”; propanoyl chloride was obtained by the reaction of benzoyl chloride 
(Fluka) with propanoic acid (Fluka) according to Brown**, 2-chloropropanoyl chlo- 
ride by chlorination rg of propanoyl chloride with N-chlorosuecinimide (E. Merck, 
Darmstadt, F.R.G.) and 3-chloropropanoyl chloride from 3-chloropropanoic acid2* 
by treatment with thionyl chloride. The purity of the compounds was checked by 
GC, the retention time of the homologues increasing with increase in the alkyl chain 
length. 

Methods 
The GC analyses were carried out by use of a Perkin-Elmer Sigma 3 gas chro- 

matograph under the following operating conditions: injector and flame ionization 
detector temperatures, 275°C; nitrogen carrier gas flow-rate, 1 ml min-l; splitting ratio, 
1:50; chart speed, 10 mm min-l. The columns used were a vitreous silica SE-30 wall- 
coated open-tubular (WCOT) column (25 m x 0.33 mm I.D.), supplied by SGE 
(North Melbourne, Australia), and a fused-silica OV-351 WCOT column (25 m x 
0.32 mm I.D.), supplied by Orion Analytica (Espoo, Finland). The following column 
temperatures were used: SE-30, programmed from 50 to 300°C at 6°C min-I; OV-351, 
programmed from 50 to 230°C at 6°C min-’ and maintained at 23o’C until the elution 
of peaks had ceased. 

The chromatographic data were analysed with a Hewlett-Packard Model 
3390A reporting integrator using standard programs. 

RESULTS AND DISCUSSION 

Figs. 1 and 2 show the separations of the CI-Cr8 free alcohols and the cor- 
responding n-alkyl propanoates, 24loropropanoates and 3-chloropropanoates on 
SE-30 and OV-351 capillary columns. Table I gives the absolute and the relative 
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retention times of the compounds, relative to n-alcohols, n-alkyl propanoates and 
n-tetradecane. The retentions are also expressed as the ratios of the retention times 
of the compounds on OV-351 to those on SE-30. 

As expected, the retention times of the compounds in the four homologous 
series increase with the length of the chain. Fig. 1 show§ that a non-polar SE-30 
column gave a complete separation of the mixture, n-tetradecane being eluted at 
nearly the same time as heptyl3-chloropropanoate (Table I). However, SE-30 seems 
to be somewhat unsuitable for alcohols, giving tailing peaks, particularly for the 
long-chain isomers. All derivatives are eluted later than the parent alcohols, in the 
following order (Fig. 1): Cn+2- alcohol < C,-alkyl propanoate c C, - 2-alkyl 3-chlo- 
ropropanoate < C, _ I -alkyl2-chloropropanoate. The only exception on SE-30 con- 
stitutes the pair I-pentanol and methyl 2-chloropropanoate, eluted in that order. 
Three lower alcohols are eluted before methyl propanoate and five lower alcohols 
earlier than monochlorinated methyl propanoates (Fig. 1). 

The use of a highly polar OV-351 capillary column led to poorer separation 
of the mixture, as shown in Fig. 2, i.e., methyl propanoate overlapped with solvent 
(methanol) and hexyl propanoate and methyl 3-chloropropanoate were coincident. 
In addition, the peaks of the Cq, Cs, C 14, Cl6 and Cls alcohols and the corresponding 
n-alkyl ptopanoates are poorly separated. Generally, the following elution order is 
found: C,-alkyl propanoate < C,-alcohol c C.-4-alkyl 3ohloropropanoate < 
C,_ 2-alkyl 2-chloropropanoate (chain length n 3 6). As shown, Cl-C4 alcohols are 
eluted earlier than the corresponding n-alkyl propanoates, but for longer chain 
lengths (C5-C1s) the elution order is reversed (Fig. 2). As previously shown, a sig- 
nificant increase in the retention occurs with the o-chloro isomers as compared with 
the other isomers, particularly on polar co1umns3+7,8. Thus, Fig. 2 shows that even 
propyl 2-chloropropanoate was eluted earlier than methyl 3-chloropropanoate on 
ov-351. 

For n-tetradecane on OV-351 a relatively short retention time is observed, the 
compound being partly overlapped with butyl2-chloropropanoate. On SE-30 nearly 
twice as long a retention time is found, the compound being overlapped with heptyl 
3-chloropropanoate (Fig. 1). The relative retention times of the compounds, relative 
to n-tetradecane, on SE-30 varied between 0.11 and 1.93 and on OV-351 between 
0.27 and 3.93 (Table I). 

Previously, the isothermal GC behaviour of long-chain alcohols and their de- 
rivatives has been studied by VandenHeuvel et al. l 6 on packed columns, coated with 
CNSi, SE-52 and F-60-Z stationary phases. According their results, n-dodecanol, 
n-tetradecanol and n-hexadeeanol were eluted from all columns earlier than the cor- 
responding n-alkyl propanoates. Even the corresponding n-alkyl acetates were eluted 
after the free alcohols on SE-52 and F-60-Z. The relative retention times found for 
n-C&-& propanoates (relative to the corresponding alcohols) were ca. 1.3, 2.3 and 
2.5 on CNSi, SE-52 and F-60-Z, respectively 16. As shown in Table I, the correspond- 
ing retention times on capillary columns with temperature programming varied be- 
tween 1.21 and 1.12 on SE-30, being nearly 1 .OO on OV-351. With isothermal con- 
ditions at 160°C however, the observed ratios varied between 2.24 and 2.50 on SE- 
30 and between 0.99 and 0.97 on OV-351. 

The maximum values for butyl and ethyl propanoates are found on SF-30 and 
GV-351, resFtivelY. For chlorinated propanoates the retention is maximized with 
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propyl (SE-30) and ethyl (OV-351) esters (Table I). By assigning the retention times 
of n-alkyl propanoates as 1.00, it becomes evident that the relative retention times 
of the corresponding halogenated esters on both columns decrease with increasing 
chain length. 

The last column in Table I shows that in general longer retention times are 
found on SE-30, in spite of the higher &ral temperature (300°C) used. In this respect, 
the exceptions are Cl--C r,, alcohols and some lower chlorinated esters. In four ho- 
mologous series, the retention times of 1-butanol (1.45), butyl propanoate (O&7), 
methyl 2-chloropropanoate (1.20) and methyl 3-chloropropanoate (1.39) constitute 
the greatest disparities between the non-polar and polar capillary columns used. 
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