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ABSTRACT 

The retention of organic acids, amines, aminophenols, and amides was directly proportional to the surface area of Diol coated silica 
particles. Surface area was measured in situ using the method of Hong and Parcher [Anal. Chem., 62 (1990) 2313-23171. Linear 
regression analysis was performed on the results from four pore diameters (100, 300, 500 and 4000), plus the origin. Correlation 
coefficients between retention and surface area were as high as 0.9991. Both the surface area of the chromatographic support and solute 
retention changed by more than 14 times. All the solutes tested behaved similarly, indicating that changing the surface area is a viable 
means of retention control. 

The smallest pore diameter tested (100 A) produced the same efficiency as some of the larger pore sizes (i.e., 300 and 500 A) suggesting 
that still smaller sizes, like 60 A, might be useful for supercritical fluid chromatography. Particles with 4000 8, pores produced poor 
efficiency, due to peak tailing, which suggests that deactivation was inadequate. 

INTRODUCTION 

In adsorption chromatography (liquid-solid 
chromatography, LX), retention is a linear func- 
tion of surface area [l]. However, in bonded-phase 
chromatography, multiple retention mechanisms 
are more likely (solute interactions with both bond- 
ed phase and silanols), leading to poor peak shapes. 
Little attention is, subsequently, paid to the effects 
of surface area on retention. Studies on the phys- 
ical, chemical and retention characteristics of the 
silica particles [i.e. ref. 1 l] used in liquid chromatog- 
raphy (LC) are preoccupied with the effects of sila- 
nols and other active sites. Little attention is paid to 
the effects of surface area. Further, it is widely ac- 
cepted that bonded phases, particularly long alkyl 
phases like (C,,), tend to block access of solutes to 
the full surface area inside smaller pores. 

In supercritical fluid chromatography (SFC), on- 
ly one report has examined the relationship between 
the pore structure of silica gel and retention [2]. The 

retention of low-molecular-weight polymer oligom- 
ers appeared to be unrelated to the Cl8 phase load- 
ing, but was related to pore diameter (but not sur- 
face area). Polar molecules produced substantially 
different behavior [2]. Phenol was nearly unretained 
and retention was independent of the pore diameter 
(or surface area). However, the retention of pyri- 
dine changed as much as 20 times when the nominal 
surface area was changed by 6.2 times. The differ- 
ence was attributed to interactions between the ba- 
sic pyridine and acidic residual silanols on the pack- 
ing surface. Since both phenol and silanols are acid- 
ic, it was reasoned that there should be little interac- 
tion between the two. However, if the retention of 
acidic solutes was unrelated to the characteristics of 
either the bonded stationary phase, or the silanols, 
then there was no controlled interaction. Similarly, 
the retention of the basic solute appeared to depend 
on characteristics of the uncontrolled silanols, not 
on the bonded stationary phase. In either case, oc- 
tadecyl phases must be considered inappropriate 
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chemistry employed to produce the bonded’station- 
ary phase appears to be equally effective on all the 
pore sizes producing the same loading per unit area. 

None of the separation problems associated with 
acids and bases in a previous report [2] were en- 
countered. 

Eficiency 
Efficiency measurements were not the primary 

objective of this study. However, changing reten- 
tion by varying surface area is useful only if effi- 
ciency is similar on all the columns. 

Extracolumn effects tended to limit the measured 
efficiencies, particularly at short retention times. 
The columns were all 100 x 2 mm I.D., operated 
with a flow of 1 ml/min (approximately 2 times op- 
timum). Components contributing to post-column 
band broadening included: approximately 1 m of 
125 pm I.D. connector tubing, several zero dead 
volume (ZDV) fittings, and an 8-~1 detector flow 
cell. Despite these limitations, a few general com- 
ments can be made. At very long retention times the 
columns produced up to 6720 theoretical plates 
[N = 6.28 (tR/ I+‘,)‘] on 7-pm particles, corre- 
sponding to 94% of the theoretical maximum (as- 
suming hmin = 2d,). Peaks were symmetrical even 
at partition ratios approaching 200 (k’ = 188). 
Since the flow rate is up to twice the optimum value, 
these results are quite satisfactory. There was no 
significant difference in efficiency between the 100 
and 300 A pore diameter packings. The 500 8, col- 
umn produced 83% of theoretical efficiency. The 
4000 A columns produced no more than 32% of 
theoretical efficiency, due to significantly tailed 
peaks. However, retention on both the 500 and 
4000 8, packings was much lower than on the small- 
er pore sizes, making extracolumn effects more im- 
portant on the former. 

CONCLUSIONS 

Unlike previous results with Cl8 packings [2], the 
retention of polar acids and bases was linearly pro- 
portional to the packing surface area. No difference 
in behavior was noted between acids or bases. Line- 
ar regressions of better than 0.99 were typical. Sta- 
tistical analysis showed that retention changed 14.4 
f 6 times for a surface area change of 14.3 times. 
The linear, proportional relationship between sur- 

face area and retention indicates that the Diol phase 
was equally applied (the same loading) to a wide 
range of pore sizes. These results also suggest that 
the inside of all the pore sizes were equally acces- 
sible to the solutes. These observations are in con- 
trast to reversed-phase LC, where long-chain (i.e., 
C18) bonded phases appear to be more difficult to 
apply to smaller pores (more residual activity) and 
decrease accessibility of solutes to the interior of 
pores. 

Changing pore diameter appears to be an effec- 
tive, and predictable means of adjusting the reten- 
tion of a wide range of solutes. The high efficiency 
on the smaller pore diameters suggest that even 
smaller diameters might be useful in packed-column 
SFC. 
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