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ABSTRACT 

Octadecylsilylated silica packing materials prepared from octadecyltrichlorosilane showed much better performance than those 
prepared from octadecyldimethylchlorosilane for chelating compounds that can interact with metal impurities in the silica support. 
Stationary phases containing an ether linkage in the alkyl group also showed improved performance. The presence of polar groups and 
the increased hydrophilicity of such stationary phases can account for the results based on the better accessibility of metal sites in a 
hydrophobic stationary phase. Similar results were obtained with carboxylic acids and phenols. Packing materials prepared from 
high-purity silica gel showed good performance for all the solutes studied, regardless of the functionality of the silylating reagents. 

INTRODUCTION 

The retention of a solute in reversed-phase liquid 
chromatography (RPLC) is primarily determined 
by the interactions between the solute and aqueous- 
organic solvents in the mobile phase and between the 
solute and the alkylsilyl groups on silica surfaces 
containing solvent molecules extracted from the 
mobile phase [l-4]. In addition to these essential 
constituents of RPLC systems, surface silanols and 
metal impurities are known to participate in the 
retention of solutes. 

The sources of undesirable secondary retention 
processes which cause peak tailing in RPLC were 
accessible silanols, surface acidity and metal impuri- 
ties [5-141. The binary metal oxide structures pro- 
vided by the presence of metals other than silicon in 
the silica skeleton seem to provide surface acidity as 
in silica-alumina acidic catalysts [14-161. The metal 
impurities also participate in the interaction with 
chelating reagents [14,17]. 

Much effort has been made to eliminate these 
secondary retention processes from silica-based 
packing materials. Trimethylsilylation (end-capping 
of silanols) proved to be effective for reducing the 

effect of hydrogen bonding between silanols and 
proton acceptors. Extensive alkylsilylation, how- 
ever, was not totally successful in eliminating tailing 
associated with amines and chelates, and sometimes 
showed adverse effects for carboxylic acids and 
phenols [ 181. 

The effects of isolated silanols can be minimized 
by hydrating the silica surface by using hydrofluoric 
acid and other bases [S]. The effects of surface 
acidity caused by metal impurities on the elution of 
amines can be suppressed by the use of mobile phase 
additives or by treating silica gel with hydrochloric 
acid or nitric acid prior to alkylsilylation [ 11,131. The 
acid treatment reduces the metal content of the silica 
gel. This treatment, however, was insufficiently 
complete to eliminate the effect of metal impurities 
on the elution of chelating reagents. 

The use of high-purity silica gel as a support, 
particularly in combination with polymer coating, 
has been shown to be very effective in eliminating all 
the secondary retention processes related to metal 
impurities in silica [13,14,19,20]. However, the avail- 
ability of high-purity silica gel is relatively limited at 
present. The polymer coating cannot be readily 
carried out in common laboratories. More practical 
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Fig. 5. Chromatograms obtained for caffeine (peak 2) and phenol (peak 1) on (a) D-C18(I), (b) D-H-Cl,(I), (c) D-H-A-C,&), (d) 

D-H-A-C,@I) and (e) D-H-A-Cl,(E). Mobile phase: 30% methanol. 

Caffeine is known to undergo interaction with 
silanols [13,30]. 

Cl8 phase prepared from acid-treated silica fol- 
lowing thermal treatment (D-H-A) showed a nor- 
mal retention for phenol, but a much longer reten- 
tion for caffeine with a poor peak shape. The incom- 
plete rehydration left some acidic silanols, which 
participate in more effective hydrogen bonding in 
the hydrophobic environment provided by the high- 
er surface coverage. Interestingly, D-H-A-Cr,(III) 
showed a better performance, resulting in a smaller 
k’ value for caffeine in spite of the larger amount of 
silanols on this stationary phase than D-H-A-Crs(1). 
D-H-A-&s(E) also showed a much better perfor- 
mance for caffeine with a smaller retention. The 
results indicate that the acidic, isolated silanols 
created by thermal treatment become less detri- 
mental when associated with the polar functionality 
in alkylsilyl groups or polar solvents. 

These results may be of little practical importance, 
because the hydrogen bonding effect can be sup- 
pressed by trimethylsilylation. Nonetheless, the 
present results are interesting in that hydrophilic 
stationary phases with more silanols showed a better 
performance for solutes suffering from the hydrogen 
bonding effect of the silanols. It should be noted that 
the acidic silanols should be minimized by appropri- 
ate treatment of silica gel or by a suitable bonding 
method to avoid the problems of chemical stability 
associated with trimethylsilyl-bonded phases. 

The results indicate the importance of the pres- 
ence of competing polar functionalities in station- 
ary phases prepared from metal-containing silica gel 

for faster equilibration with respect to the silanols 
and metals which participate in the secondary 
retention processes. 

This study clearly indicates the advantages of the 
use of high-purity silica gel as a support for RPLC 
packing materials. It can be stated that stationary 
phases prepared from metal-containing silica gels 
with trichlorosilane may not be as good as those 
prepared from high-purity silica gel, but they are 
at least much better than comparable stationary 
phases obtained from monochlorosilane. They are 
easy to prepare from the usual silica gels and show 
adequate performance for many chelating com- 
pounds, hydroxybenzenes and carboxylic acids. 
Although most of the newer commercial Cl8 pack- 
ing materials are prepared from monochlorosilane 
for better reproducibility and better performance for 
silanophilic solutes, those prepared with trichloro- 
silane can provide a solution to one of the most 
difficult problems in packing materials for RPLC. 
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