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The Sorption Behavior of Alkyl Bonded Phases in
Reverse-Phase, High Performance
Liquid Chromatography

g?,?HdELEichrnulleP and D.R. Wilder, Department of Chemistry, Duke University, Durham, North Carolina
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SOLUTE-SOLVENT INTERACTIONS ON THE SURFACE OF REVERSED
PHASES

I. STATIONARY PHASE INTERACTIONS AND THEIR DEPENDENCE ON
BONDING CHARACTERISTICS

R. P. W. SCOTT*

Chemical Research Department, Hoffmann-La Roche fnc., Nutley, NJ 07110 {U.5.4.)
and

C. F. SIMPSON"

School af Molecular Sciences, Sussex University, Sussex (Great Brivain)

(First received March 20th, 1980; revised manuscript received April 4th, 1980)

SUMMARY

The retention characteristics of a number of “brush™- and “bulk"-type reversed-
phase column packing materials that are commercially available for high-perform-
ance liquid cl aphy are ined in the situation where an abrupt change in
mobile phase from pure methanol to pure water occurs. It is shown that the brush-
type reversed phases are slow to come into equilibrium with pure water, and in con-
tact with water it would appear that the hydrocarbon chains dispersively interact
with themselves. This dispersive intramolecular interaction of the hydrocarbon chains
results in a reduction in effective chromatographic surface area and consequently
anomalously low retentive characteristics. In contact with solvent containing 107
(w/v) or more of organic solvent such as methanol, the brush-type materials exhibit
normal retention characteristics, The bulk or polymeric bonded phases, however,
equilibrate rapidly with water, and due to their more rigid structure do not appear
to exhibit dispersive intramolecular interactions and thus exhibit normal retention
characteristics. The bulk or polymeric type reversed phases, therefore, are to be
preferred for ining solute—solvent, y phase interactions due to their
more consistent chromatographic properties.




has a lower retention volume for alcohol than RP-2 and only slightly greater than
RP-8. A possible explanation for this anomalous effect has been put forward by
Lochmuller and Wilder® and by Gilpin and Squires®, who suggest that under certain
conditions the hydrocarbon chains of a brush-type reversed phase can interact more
strongly with themselves than with the surrounding mobile-phase. Hydrocarbon
chains can only exhibit dispersive interactions, and thus they will compete for either
water or an adjacent hydrocarbon chain to interact with. Obviously, if only dis-
persive interactions are considered, hydrocarbon-hydrocarbon interactions will be
much stronger than hydrocarbon-water interactions. It follows that the stationary
phase could agglomerate and, therefore, could have a greatly reduced effective
chromatographic surface area. It is possible that it will adopt a spatial arrangement
where the chains are lying almost flat upon the surface. This would, in effect, reduce
the effective chromatographic surface area very significantly and could account for
the extensive reduction in retention capacity of the aggregated bonded phase. This
would explain why the RP-2 bonded phase retains the solute to a greater extent than
RP-18 in pure water and also explains why at higher alcohol concentrations where
the hydrocarbon chains could move more freely in the mobile phase the retention
characteristics are reversed and exhibit normal elution behavior. Originally in contact
with wet methanol, the hydrocarbon chains would be free to move in the solvent, and
the methanol between the chains would permit them to remain apart as the dispersive
interactions between the hydrocarbon chains and the methanol are more nearly
equivalent to the interactions between the chains themselves. However, when in
contact with water, the methanol would slowly diffuse from between the hydro-
carbon chain matrix, permitting the chains to interact with each other and collapse
onto the surface with the resulting reduction in effective chromatographic surface
area. Thus, the retention volume which is a product of the distribution coefficient and
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N. Nagae, T. Enami and S. Doshi, LC/GC North America October 2002.
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Column: ODS(10) 5 um 150 x 4.6mm, Mobile phase: Water,
Flow rate: 1.0mL/min, Temperature:40°C
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Orientational Dynamics of a Hydrophobic Guest in a
Chromatographic Stationary Phase: Effect of Wetting by
Alcohol

Malcolm E. Montgomery, Jr., M. Anthony Green, and Mary J. Wirth*
Department of Chemistry & Biochemistry, University of Delaware, Newark, Delaware 19716

The orlentational distribution of the alkyl chains of a C,,
h tographic was jirectly from the

Wetting is important to the dynamics of chroma
For example, Cole and Dorsey showed that the a
only a few p t of 1-propanol to an aq) mo
i h ic efficiency almost 2-fo

water Is in contact with the C,, surface, the orlentational
distribution of the probe Is centered close to the plane of the
surface. The effects of two different welting solvents were
explored: 20% methanol and 5% 1-propanol. When the C,,
surface Is in contact with either of these, there Is little ch

improved mass transfer was interpreted as owing to

tting of the ch t phic surface by the mol
due to significant adsorption of 1-propanol onto t
phobic surface. As supporting evidence cited, !
Simpson had measured the adsorption isotherms fo
of aleohols in water with a polymeric C,q surface,
results showed that short-chain aleohols achieve &

In the orlentational distribution of the probe.

age on the ch phic surface even at con
levels of only 5% of 1-propancl in water.'* Highe
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silanizing agents were purchased from Aldrich. The coverage of
the plates was determined by FTIR spectrometry to be 60 %+ 10
A2/C,4 chain (2.8 £ 0.5 umol/m?). The amount of end-capping
was not quantitated.

RESULTS AND DISCUSSION

A. Contact Angle Information. The contact angle of
pure water on the C,g surface was measured to be 93°, which
indicates that water does not wet the surface. For 20%
methanol in water and 5% 1-propanol, the contact angles were
measured to be 65 and 69°, respectively, which indicates that
the surface is partially wetted by these mobile phases. Contact
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