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Lipid membranes are extremely important as media for 
producing various biofunctions. Therefore, immobiliza- 
tion of their functiona expands their possible applications. 
The polymerization of lipidsf-7 is a good technique for 
stabilizing lipid membranes, but polymerization of lipids 
often suppresses the membrane fluidity. On the other 
hand, Kunitake et al.8 and Rsgen et al.BJ0 have developed 
lipid membrane systems containing polyions as counter- 
ions. In this technique, the membrane stability was 
remarkably increased without damaging ita unique prop- 
ertiee. Okahata et al. found that quartz-crystal microbal- 
an- covered with polyion-complexed lipid membranes 
could be used as sensors in various applications.lfJ2 

The purpose of the present study is to introduce and 
immobilize lipid membrane properties on stationary 
phases for liquid chromatography. In this purpose, 
polyion-complexed lipid membranes are not only unstable 
to utilize as stationary phases, but also provide chro- 
matographically undesirable ionic interaction with solutes. 
On the other hand, lipid-immobilized silica gels were 
obtained by amidation of aminated silica gels with a 
dimyristoylphosphatidylcholine derivative containing a 
terminal carboxylic Such chemically bonded 
lipids are more stable than polyion-complexed lipid 
membranes in the chromatography procesa but st i l l  possess 
disadvantages similar to polymerized lipids. Therefore, 
it is necessary to develop a new approach for immobili- 
zation of lipid membranes. In this study, we synthesized 
a comb-shaped acrylate telomer containing a methoxysi- 
lanol group at one side of the terminal group, which was 
then chemically introduced into porous silica gels (Figure 
1). We report that this telomer does not form bilayer 
membrane6 in water but shows unique physicochemical 
properties analogous to lipid bilayer membranes. 

The comb-shaped telomer was prepared by telomer- 
ization of octadecyl acrylate and (3-mercaptopropy1)- 
trimethoxysilane in ethanol." The structure and polym- 
erization degrees of the telomer obtained were determined 
by NMR The polymerization degree 
determined agreed with the values estimated by the 
molecular weights obtained by gel permeation chroma- 
tography (GPC) using a Shodex KF-803 column. These 
analyses show that the average molecular weight of ODA, 
was closely related to the molar ratio in the telomeriza- 
tion.ls The telomers prepared are represented by ODA,, 
where n is the average polymerization degree. 
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Figure 1. Schematic illustration of comb-shaped telomer- 
immobilized silica gels. The telomer undergoes phase transition 
on silica gels. 
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Figure 2. Temperature dependencies of the capacity factor (k') 
with the Sil-ODAa column. Conditions: sample triphenylene 
(01, o-terphenyl(W; mobile phase, methanol; flow rate, 0.5 mL 
&-1 

The DSC thermogram of ODAm showed a sharp 
endothermic peak (peak-top temperature, T, = 49 "C) 
with a shoulder at 42-47 OC.17 Polarity microscopic 
observation indicated that the main peak was assigned to 
the liquid crystal-bisotropic phase transition. The liquid 
crystalline state was observed in a temperature range of 
43-47 OC. Phase transitions were also observed in a 
methanol dispersion, accompanied by a slight Tc shift to 
a lower temperature by about 2 deg. 

The ODAB was immobilized on porous silica gels (YMC 
SIL-120-SS) by mixing in tetrachloromethane at 80 "C. 
The elemental analysis showed that 22 wt ?4 of ODAm 
was introduced on the silica gels. Successive washing of 
the resulting gels with chloroform showed no change in 
weight. In addition, the immobilized ODAm showed phase 
transition in the temperature range 32-44 OC (T,, 39 "C) 
in a methanol dispersion. This T, is about 8 deg lower 
than that of ODAa itself. These resulta indicate that 
ODAB was chemically bonded to the silica gels via Si- 
&Si bondings. 

Silica-supported ODAm (Sil-ODAa) was packed into a 
stainless steel column ( 4 . 6 "  i.d. X 100 mm), and the 
liquid chromatographic property was examined using 
methanol as an eluent. Complete separation of the 
alkylbenzene mixture was obtained in the column. The 
elution order of alkylbenzenes18 agreed with the order 
observed in octadecylated silica gels (ODS, Inertsil, GL 
Sciences, Inc.) commonly used as reversed-phase liquid 
chromatography packings. This indicates that the sep- 
aration mode includes hydrophobic interaction between 
the bonded phase and the solutes. The performance of 
the Sil-ODAa column was unique in that it was charac- 
terized by the separation of the mixture of triphenylene 
and o-terphenyl. As shown in Figure 2, the Sil-ODAm 
column showed much higher retention capacity (k')fB for 
triphenylene than for o-terphenyl. In addition, the Sil- 
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Figure 3. Temperature dependencies of eeparation fador (a) 
between triphenylene and o-terphenyl with Sil-ODAm (0) and 
ODS (0) columns. Conditione: mobile phaee, methanol; flow 
rate, 0.5 mL mi&. 

ODAzs column showed remarkable temperature depend- 
encies with respect to the retention capacity (Figure 2). 
The k'-temperature plots show a distinct jump between 
30 and 40 "C. This temperature range almost exactly 
matches that of the phase transition from crystal to 
isotropic states in Sil-ODAae in methanol. Temperature 
dependencies were a h  obae~ed for the separation factor.lg 
According to Figure 3, the separation fador is much higher 
in the crystal state than in the isotropic state. On the 
other hand, the ODS showed a small retention capacity 
(k' = 0.85 and 0.72 at 15 and 45 "C) for triphenylene. In 
addition, the separation factors were very small and no 
similarjumpwaso~~edasshowninFigure3. Therefore, 
the enhancement of retention capacity at the crystal state 
temperature cannot be explained only by the hydrophobic 
interaction between the bonded phase and the solute. It 
is known that planar compounds such as triphenylene are 
more strongly incorporated to a highly oriented medium 
than nonplanar compounds such BS o-terpheny1.2°t21 It is 
presumed that Sil-ODAm recognizes the molecular pla- 
narity as well as hydrophobicity. 

In conclusion, comb-shaped telomers showed critical 
phase transition from crystal to isotropic states on the 
silica gels. Telomem in the crystal state showed remark- 
ably a high retention capacity for a planar compound. 
Thus, just as cholesterol is easily incorporated into lipid 
membranes, it was observed that this property induces 
strong retention for cholesterolz2 in the telomere as well. 
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