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ABSTRACT 

Cyclodextrin, bonded to silica gel and used as a gas-solid chromatographic (GSC) stationary phase provides a practical and efficient 
means for separating a wide variety of volatile C,-C, hydrocarbons at ambient to elevated temperatures. Conditioning the columns at 
high temperature (3OOC) for several hours increased efficiency and resolution. The adsorption of these light hydrocarbons involves 
multiple retention mechanismns. For unsaturated hydrocarbons, the cyclodextrin GSC column can act as a polar stationary phase 
analogous to silica gel. However, for saturated hydrocarbons, it acts as a non-polar phase. Evaluation of the columns and an analogous 
silica gel column with hydrocarbon standards is reported. Capacity factors and chromatograms are presented for compounds analyzed 
on these GSC stationary phases. 

INTRODUCTION 

Gas-solid chromatography (GSC) is a widely 
used technique for the separation of light hydrocar- 
bons and a variety of other gases. Compared with 
gas-liquid chromatography (GLC), GSC station- 
ary phases have comparatively larger surface areas 
[l] and strong adsorption properties which result in 
excessive retention times and band broadening for 
most large molecules. For the GLC separation of 
lower-molecular-mass hydrocarbons (Cr-C,), 
small partition coefficients at room temperature 
make for necessarily long columns [2]. Packed col- 
umns, and more recently, porous-layer open-tubu- 
lar (PLOT) or support-coated open-tubular 
(SCOT) [3-51 columns are preferred for the separa- 
tion of a wide range of gaseous and volatile mole- 
cules. Molecular sieves [6,7], alumina and silica gel 
[8-l I], porous polymers [12-161, charcoal [17-191 
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and other more novel GSC stationary phases, in- 
cluding charge-transfer complexes [20], ammonium 
tungstosilicate [21] and metal complexes (for a re- 
view, see ref. 22) have been cited as separating light 
hydrocarbons. Elution order for adsorption col- 
umns vary by stationary phase polarity [23]. Hydro- 
carbons are separated by boiling point on non-po- 
lar columns, while on polar stationary phases, com- 
pounds containing triple bonds are more strongly 
retained than compounds with double bonds, 
which, in turn, are more strongly retained than sat- 
urated compounds. 

Smolkova-Keulemansova [24] first used native 
and methylated cyclodextrins as stationary phase 
coatings for packed gas chromatographic columns. 
She found evidence for inclusion complex forma- 
tion while focusing on somewhat higher boiling 
point hydrocarbons and geometric isomers. Pres- 
ently, many researchers are reporting the use of 
amorphous derivatized cyclodextrins as chiral sta- 
tionary phases for GLC [25-281. Cyclodextrins are 
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from CZ-C6 I-alkenes but an analogous silica gel 
column does not completely resolve all peaks. 

Cyclodextrin bonded to silica gel allows for dif- 
ferent adsorption behaviors in regard to light hy- 
drocarbons. A dual retention mechanism seems to 
be a factor in the separation of these compounds. 
Alkanes appear to be retained through an interac- 
tion with the apolar cavity, while unsaturated mole- 
cules can interact with the cavity and/or through 
the hydroxyl groups on the top and bottom of the 
cyclodextrin molecules. Separation of geometric 
isomers is inadequate at the high temperature and 
conditions of this study. However, these com- 
pounds are effectively resolved by GLC on the de- 
rivatized cyclodextrin phases [27]. New approaches 
are being tested to improve the generality and selec- 
tivity of the cyclodextrin columns for the GSC sep- 
aration of other volatile compounds and gases. 
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