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The first HPLC-Instrument (From the collection of Csaba Horvath)
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Objective

e Shed light on controversy enshrouding the
fundamentals of RPC retention

—  Discuss merits of various points of contention

—  Address discordant views arising from semantics or
misinterpretation

e To offer a unified and rigorous treatment of RPC
retention of nonpolar compounds, acids, bases,

proteins and peptides based on the Solvophobic
Theory



Molecular Interactions in RPC
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Stationary Phase Models in RPC

No. Stationary phase model  Description References
I Liquid hydrocarbon partition Bonded chains form a bulk liquid Lochmiiller and Wilder,
hydrocarbon layer over siliceous surface; Dorsey and Dill, Carr et
Retention governed by partition al.
mechanism.
II Liquid-crystalline hydrocarbon  Bonded chains form a liquid-crystalline Martire and Boehm
partition hydrocarbon layer over siliceous surface;
Retention governed by partition
mechanism.
III Amorphous-crystalline Bonded chains form an amorphous- Dill
hydrocarbon partition crystalline hydrocarbon layer over
siliceous surface; Retention governed by
partition mechanism.
v Adsorptive hydrocarbon Bonded chains interact laterally with the  Dill
monolayer tips forming an adsorptive monolayer
surface; Retention governed by
adsorption mechanism.
Vv Isolated solvated hydrocarbon  Eluites associate with solvated bonded Horvath, Melander and
chains chains; Retention governed by the Molnar
magnitude of contact area upon binding.
Eluites partition into adsorbed organic
VI Collapsed hydrocarbon chains modifier layer, then adsorb on the Kazakevich et al.

collapsed ligate chains




RPC Theories

CLASSICAL THERMODYNAMICS
Horvath, Melander and

Solvophobic Theory Molnar (1976)

Adsorption/Partition Theory Jaroniec and Martire
(1986)

Non-stoichiometric Ion-pair Theory Stahlberg (1986)

STATISTICAL THERMODYNAMICS

Reqular Solution Theory Shoenmakers et al.
(1976)

Liquid Crystalline Mean Field Lattice Theory Martire and Boehm
(1983)

Amorphous Crystalline Mean Field Lattice Theory Dill (1980)

Self Consistent Field Theory Tijssen et al. (1991)




Lacuna, Controversies & Misinterpretations

e Adsorption or Partition?

A Stationary vs. Mobile phase effects

A Entropicvs. Enthalpic effects



Misinterpretations of the Solvophobic
Theory

e Based on adsorption mechanism

* Neglects (or cannot describe) stationary phase
effects in RPC

e Predicts, that retention in RPC1is entropically driven



Adaptation of the Solvophobic Theory
to RPC Retention

A + L <> AL Lliquid Phase

DG® = DG, + DG,
[x;;)OlV = [x;:? - [x;f B [x;ZO

Thermodynamic cycle illustrating the hypothetical gas phase binding of an eluite
A with the ligate L, and the solvation of the individual species in RPC



Eluent-eluent
Interactions

The Solvation Process
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Forces Leading to the Association of an Eluite Molecule
with a Stationary Phase Ligate
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The magnitude of the
interactions between
the eluite and the
ligate, which ultimately
determines eluite
retentionin RPC, is
given by the difference
between the two
opposing effects, i.e.,
by the balance of all
forces acting upon the
two species.



Quantifying RPC Retention

Equation for Retention of Neutral Nonpolar Eluite
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Equation for Retention of Dipole in unionized form (k,)
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Equation for Retention of Dipole in Ionized Form (k,) at high ionic strength
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Test of the Predictive Power
of the Solvophobic Theory

Temperature Dependence

Effect of Molecular Size of the Eluite
Prediction of Hydrophobic Selectivity
Effect of Organic Modifierin the Eluent
Effect of Salt and pH

Prediction of Retention Factor

Effect of Stationary Phase

Correlation between Octanol/Water Partitioning
and RPC Retention



Temperature Dependence in RPC

Enthalpy change is due to a balance of large enthalpy changes associated
with opposing forces of eluite-ligate, eluite-eluent and eluent-eluent
interactions

Solvophobic theory predicts curved van’t Hoff plot in RPC, although
deviation from linearity is relatively small (<5% over a 50°C temperature
range)

Curvatureis expected to be more pronounced in water-rich mobile phases

Temperature dependence of electrostatic interactions tends to counteract
that of cavity reduction

Enthalpyis largely negative due to dominating enthalpy contributions by
eluite-eluent van der Walls interaction and cavity formation

Cs. Horvath, W. Melander, I. Molnar, J. Chromatogr., 125, (1976) 129-156
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The Hydrophobic Effect

1T



Observed Behavior in RPC
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