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ABSTRACT 

Two new kinds of aza-crown ethers, w-undecylene aza-18-crown-6 polysiloxane (PUAC-18-C-6) and co-undecylene aza-15-crown-5 
polysiloxane (PUAC-15-C-5), were synthesized for use as stationary phases in capillary column gas chromatography. These two 
stationary phases demonstrate high column efficiency, a wide operating temperature range, good thermal stability, medium polarity and 
excellent selectivity for n-alcohols, esters and aromatic compounds, similarly to w-undecyloxymethyl-18-crown-6 polysiloxane phase 
(PSO-11-18-C-6), and they have unique characteristics which are responsible for the success of separating aniline and other basic 
compounds without derivatization. The factors which affect the separation mechanism, including dipole-dipole interactions, hydrogen- 
bonding forces and fitting of solute molecules in the crown ether cavity, are discussed. 

INTRODUCTION 

Crown ethers are becoming increasingly impor- 
tant as stationary phases in gas chromatography 
(GC) owing to the cavity structure and the strong 
electronegative effect of heteroatoms on the crown 
ether ring [l-4]; especially polymeric crown ethers 
are suitable for this purpose because of their ease of 
coating on capillary columns and their high column 
efficiency, wide operating temperature and good 
thermal stability [5-81, and they can also be used in 
temperature-programmed work. 

In 1988, Rouse et al. [5] first synthesized a 
crown ether-substituted polysiloane with a polymer 
spacing of three methylene groups, which showed 
unique selectivity for nitrogen-containing polycyclic 
aromatic compounds. In recent work [6-81, we 
developed PSO-11-18-C-6 substituted polysiloxane 
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with a polymer spacing of 11 methylene groups, 
which is convenient for cross-linking on fused-silica 
capillary columns with aza-tert.-butane (ATB) and 
dicumyl peroxide (DCUP) [6,7]. We also intro- 
duced another new method for preparing crown 
ether polysiloxane stationary phases by direct cross- 
linking a crown ether with SE-54 in different propor- 
tions inside a column [8]. We succeeded in separating 
aromatic compounds and their derivatives, phenols 
and their isomers, ethyl-substituted diphenyl ketone 
isomeric mixtures, etc. 

In this work, two new kinds of aza-crown ether, 
o-undecylene aza- 18-crown-6 and o-undecylene 
aza-15-C-5, were substituted on a polysiloxane 
backbone to yield two stationary phases for capil- 
lary GC (Fig. 1). The tertiary nitrogen atom in the 
crown ether ring makes these two polymeric station- 
ary phases basic, and they were expected to have 
strong abilities for separating anilines and other 
basic compounds without derivatization; these com- 
pounds are difficult to separate by GC. 
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Fig. 9. KovLts retention indices of a series of aromatic hydro- 
carbons on PUAC-18-C-6 (ordinate) plotted against those on 
PSO-11-18-C-6 (abscissa). Column temperature, 170°C (isother- 
mal). Compound numbers as in Fig. 8. 

Fig. 8 shows that aza-crown ethers also provide 
good selectivity for easily polarizable aromatic 
hydrocarbons. Fig. 9 shows a plot of the Kovats 
retention indices of these aromatic compounds on 
PUAC-1 S-C-6 against those on PSO- 11-18-C-6. 
There is a good linear relationship for most aromatic 
hydrocarbons, indicating that aza-crown ethers 
have the same mechanism as PSO-11-18-C-6 in 
separating easily polarizable aromatic compounds. 

CONCLUSIONS 

Aza-crown ether stationary phases are medium- 
polarity stationary phases that possess good film- 
forming ability and a wide operating temperature 
range of 55-300°C. These stationary phases present 
excellent selectivity for non-polar compounds, easily 
polarizable aromatic compounds and polar com- 
pounds such as alcohols, esters, nitrobenzene com- 
pounds and anilines. 
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