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1 INTRODUCTION 

The hydrophobicity of a compound, defined as its relative tendency to be 
readily soluble in most non-polar solvents but only sparingly soluble in water’, plays 
an Important role in phenomena of physico-chemical, biological and envnonmental 
interest. The expulsion of a non-polar solute from Its aqueous solution due to its 
energetically unfavourable interaction with the water molecule network, i.e., the 
“hydrophobic effect”‘, is the “driving force” for liquid-liquid distribution processes, 

mlcelle formation, passive membrane transport and soil sorption and bioconcentra- 
tion of environmental pollutants. In order to relate the hydrophobic nature of a 
compound to its biological activity or environmental fate by lmear free-energy 

relationshrps2b3, many attempts have been made to describe quantitatively this par- 

ticular molecular property. 
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Solute hydrophoblcity 1s usually expressed by the partition coefficient, P, de- 
rived from distribution studies of the compound between water and an immiscible 
non-polar solvent. Based on the extensive work of Hansch’s group4ss, it is now gen- 
erally accepted that P values obtained from the n-octanol-water partition system are 
particularly suitable for characterizing the interactions between chemical substances 
and biological systems. Although it has been occasionally questioned whether a bulk 
hquid such as n-octanol is really a good model for biological permeation barriers 
and adsorption sites, large compilations of n-octanol-water partition coefficientsz, 
as well as 71 substltuent2 and f fragmental2,6 constants derived therefrom, have pro- 
vided the physico-chemical basis for numerous successful studies on quantitative 
structure-activity relationships (QSAR). However, both the experimental determi- 
nation of P by the shake-flask technique and the calculation of P from tabulated 
hydrophobic constants have a number of disadvantages (as will be dlscussed later), 
so there has been an intensive search for alternative procedures. 

Since the early studies of Martin and Synge’ and Consden et uZ.~, it is well 
established that chromatography may provide quantitative information on the hy- 
drophobicity of solute molecules. Considering retention m a chromatographic par- 
tition system as a dynamic equilibrium process with an equilibrium constant &, the 
retention process can be described by 

In& = -AGRIRT (1) 
where AGR, R and Tare the Gibbs free-energy change of retention, gas constant and 
absolute temperature, respectively. Following a theoretical treatment of the partition 
behavlour of solutes in thin-layer and paper chromatography7,8, Martin9 has shown 
that the addition of a substltuent to the parent molecule changes the chromatographlc 
RF value by (as a first approximation) a factor depending on the nature of the sub- 
stituent and the two chromatographic phases, but not on the structure of the parent 
molecule itself. Thus, the chromatographic parameter RM, givenlo by 

RM = log (l/RF - 1) (2) 

1s directly related to other free-energy-based hydrophobic parameters’ l. For a com- 
plete discusslon of the thermodynamic basis for the relationship between RM and log 
P, the reader is referred to the excellent review by Tomlinson”, who additionally 
provided guidelines for the successful apphcation of RM in studies on QSAR. Tom- 
linson also noted some limitations of thin-layer and paper chromatographic tech- 
niques and suggested that, for example, liquid-liquid partition chromatography 
“. . . because of then more quantitative approach, and because they lend themselves 
to a more precise control of experlmental variables, should be seriously considered 
in the future for providing accurate, reproducible hydrophobic parameters”l l. 

Indeed, since the development of high-performance liquid chromatography 
(HPLC), it soon became apparent that this technique may produce retention data of 
previously unattainable accuracy which, using appropriate stationary and mobile 
phases, can be regarded as a measure of a solute’s hydrophoblclty’2,13. Haggerty 
and Murrlll 1 4 were the first to use chemically bonded hydrocarbonaceous phases 
mstead of a physically adsorbed liquid as the non-polar phase**‘13 for the determl- 
nation of n-octanol-water partition coefficients of substituted nitrosoureas. Assum- 
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ing that the retention times were affected only by liquid-liquid partitioning, they 
calculated log Poor (where OCT refers to n-octanol as the non-polar solvent) values 
which were found to agree closely with those measured by the conventional static 
techniques. Since then, a rapidly increasing number of workers have assimilated the 
approach of Haggerty and Murrill, although it became apparent that the description 
of retention in reversed-phase liquid chromatography (RPLC) as being a hquid- 
liquid partition process may be an oversimplification. The chemically bonded phase 
is expected not to behave as a true liquid owing to the restricted mobility of the 
bonded hgands Also, the mobile phase rarely consists of pure water so that the 
added organic modifier may exert selective effects on retention that are not necessarily 
related to the hydrophobic nature of the solute. 

These considerations, however, seem not to have received sufficient attention, 
This is indicated by the sometimes mechanical transfer of previous experience from 
liquid-liquid partition or other chromatographic techniques to RPLC and, conse- 
quently, by the existence of numerous different approaches to the measurement of 
retention data, the use of a particular stationary phase and the proper choice of the 
mobile phase. 

This review attempts to evaluate, on the basis of a short discussion of the 
retention mechanism in RPLC, the different approaches and their potential for pro- 
viding reliable hydrophobic parameters that can be successfully employed in studies 
on QSAR. The discussion will be focused on the use of n-alkyl-bonded phases such 
as octadecyl-silylated silica gel because (i) the overwhelming number of studies pub- 
lished so far are concerned with this particular reversed phase and (ii) n-alkyl-bonded 
phases are known to exert little selective stationary phase effect on retention which 
may superimpose on the solvophobic effect that usually controls retention m RPLC. 
The ultimate purpose is to demonstrate that appropriate RPLC retention parameters 
may not only be used to calculate partition coefficients such as POCT, but may also 
be considered as a unique hydrophobic parameter superior to those obtained from 
the conventional liquid-liquid distribution systems. 

Although beyond the scope of this review, it is important to note that RPLC 
has also been applied to the assessment of other physico-chemical solute properties 
such as acid dissociation constants’ s and complex formation constants16. New de- 
velopments in this field, mcluding also aspects of hydrophobtc parameters, can be 
found m several recent reviews’ ‘-*l. 

2 RETENTION MECHANISM IN REVERSED-PHASE LIQUID CHROMATOGRAPHY 

Although there is still some controversy about the appropriate physico-chem- 
ical description of retention on chemically bonded phases 22--2g, the present theoretical 
work has provided a substantial basis for the understandmg of the retention process 
m RPLC. It is not the purpose of this section to discuss extensively the different 
concepts, their merits and shortcomings, but rather to put emphasis on the underlying 
prmciples that determine the retention behaviour of polar and non-polar solutes. In 
this way it should be possible to rationalize similarities and differences between dy- 
namic RPLC and static liquid-liquid partitionmg and to judge the capability of 
RPLC for providing reliable hydrophobic parameters. 
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TABLE 1 

SOLVENT PROPERTIES2*36,37 

SOlVUZt &* P 
t* 

Y 
l ** Proton Proton 

acceptors donor& 
Log POCT@+ 

Water 78 5 1 84 73 

Methanol 32 7 1 66 22 

Ethanol 24 5 1 68 22 

I-Propanol 20 3 I 65 23 
Acetomtrde 38 X 3 37 29 

Tetrahydrofuran 76 1 70 28 
Dloxane 22 0 45 33 

l Dlelectrlc constant 
l * Dipole moment (Debye) 

l ** Surface tenslon (dyn cm ‘) 
9 Proton acceptor solublhty parameter. 

99 Proton donor solublhty parameter 
+++ n-Octanol-water partmon coefficient 

Large Large 
75 75 
5 5 

4 4 
25 0 

3 0 
3 0 

-066 
-032 

0 34 
-0 34 

0 46 
-042 

2.1. Role of mobile phase 
It is now generally accepted that the mobile phase plays the dominant role in 

the retention process. According to the solvophobic theory developed by Sinanoglu30 
and adapted to RPLC by Horvath et al. 23 the “driving force” for retention is the , 
unfavourable interaction of a solute with the surrounding water molecules present 
in the mobile phase. This leads to a net free-energy change on exclusion of the solute 
from the eluent to the non-polar ligands of the support. Implicit in this model IS the 
view that the interaction between solute and the stationary phase is weak and non- 
selectlvez4. The free-energy change is determined by the energy that is needed to 
create a suitably sized cavity within the water-organic molecules network. This sol- 
vophobtc (hydrophobic) effect1s30 mcreases with increasing surface area of the solute, 
although polar and/or charged substttuents may counteract the expulsion from the 
eluent by mtroducmg Van der Waals and electrostatic interactions between the solute 
and solvent that favour solvation. Conversely, the energy of cavity formation de- 
creases with decreasing surface tension of the eluent, which is achieved by the ad- 
dition of an organic modifier with low dielectric constant. A quantitative treatment 
of the factors involved in solute-solvent interactions can be found in the work of 
Horvath et al.23. 

Both theorettcal predictions have been verified experimentally. The dependence 
of retention on the hydrophobic surface area is reflected by a linear relationship 
between the carbon number of a homologous series of compounds3 1,32; the resulting 
methylene group contribution to retention is constant for many homologous series 
studled31-33. The effect of the surface tension of the eluent on retention IS demon- 
strated by a linear relationship usually observed between the volume fraction of the 
organic modtfier m the eluent and the corresponding capacity factor34. 

However, apart from being simply a reductant of surface tension, the organic 
modifier IS known to exert selective effects on the retention of, in particular, polar 
solutes35. The reason for this becomes apparent on inspection of Table 1, which gives 
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some solvent properties of organic modifiers commonly used in RPLC. Among these, 
methanol is the most “water-like” solvent in providing both strong hydrogen-bond 
donor and strong hydrogen-bond acceptor abilities so that the addition of methanol 
to an aqueous mobile phase over a wide range of volume fractions will change the 
ordering of water molecules to a limited extend onlyz4 and will not affect the inter- 
action potential with polar solutes. In contrast, e.g., acetomtrile and tetrahydrofuran, 
two commonly employed modifiers, are comparatively weak hydrogen-bond accep- 
tors only and will therefore exert a much more dramatic influence on the structure 
of the eluent and hence on the energetics of the solvophobic effect30. Further, their 
interaction potential within particular hydrogen-bond acceptor solutes is different 
and, with acetonitrile, selective dipole-dipole interactions between solute and solvent 
may occur3 8 owing to the high dipole moment of acetonitrile (Table 1). 

Indeed, examples of solvent selectivity effects are numerous and it is good 
chromatographrc practice to use ternary mobile phases to exploit these differences 
for the separation of closely related compounds. As far as the determination of hy- 
drophobic parameters by RPLC is concerned, the nature of the orgamc modifier is 
therefore very critical, and does not seem to have received the attention it deserves. 

2.2. Role of stationary phase 
The stationary phase has been introduced above as a uniform layer of cova- 

lently bound alkyl chains that, in terms of the energetics of retention, do not differ- 
entiate between solute molecules. Although there is little doubt that the overall fea- 
tures of retention m RPLC can be described by considermg the solution behaviour 
of sample molecules in the mobile phase, the structure and the properties of the 
hydrocarbonaceous surface do have some important implicatrons on the use of re- 
tention data as hydrophobic parameters. 

It has been argued39-44 that the octadecyl-silylated surface is not a good model 
for either n-octanol or a biomembrane because it is alkane-like and possesses no 
hydrogen-bonding activity. It was therefore attempted to make an RPLC system that 
would behave exactly like the n-octanol-water system by using an n-octanol-coated 
stationary phase and an n-octanol-saturated aqueous phase. With this experimental 
set-up it was possible to obtain retention data that were well correlated with log 
P ocT39-43. As will be shown m this section, the basic assumption concernmg the struc- 
ture and polarity of the stationary phase is not correct 

For steric reasons, it is impossible to couple alkyl chains with all hydroxyl 
groups on the silica gel surface so that, depending on the bonding procedure45,46, a 
variable number of residual silanol sites remain accessible to “silanophilic”4’ mter- 
actions with solute molecules. These may involve dipole interactions with polar or 
polarizable molecules, hydrogen bonding with hydrogen-bond acceptors and electro- 
static interactions with charged molecules due to the acidic nature of the silanol 
groups4*. In water-containing mobile phases, however, the silanol groups are strong- 
ly hydrated so that a mixed retention mechanism, l.e., retention due to both hydro- 
phobic and silanophilic interactions47149-52, is not likely to occur for neutral solutes 
and weak acids. These solute groups generally show lmear plots of the logarithm of 
the capacity factor (log k’) versus the organic modifier content of the mobile phase. 
The dual retention mechanism of protonated bases, for example, is readily apparent 
from the typically U-shaped plots of log k’ versus volume fraction of the organic 
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modifier, which is induced by an increase in retention with increase in modifier con- 
centration at lower water contents (z.e., normal-phase behaviour) and an increase in 
retention with a decrease in modifier concentration at high water contents (i.e., re- 
versed-phase behaviour)49,s3. El Tayar et al. 53 have recently shown that the position 
of the minimum in the plots depends on the pH of the mobile phase and hence on 
the proportion of protonated solute molecules that can participate in silanophilic 
interactions. It is important to note that a mixed retention mechamsm can be con- 
verted into a solvophobic mechanism by the addition to the eluent of, e.g., lipophilic 
amines, which effectively mask the bmdmg sites for silanophilic solutes47+‘. 

The structure of the alkyl-bonded phase is not completely resolved. Depending 
on the functionality of the silane reagents and the bonding procedure, monomeric 
“brush-type”4s and polymeric phases are currently available54. The alkyl chains of 
monomeric phases, often idealized as a homogeneous fur, are not evenly distributed 
on the surface and have a significant proportion of folding in their structure27%52. 
Additionally, their configuration depends on the mobile phase composition. In water, 
the bristles shrink to form a rigid surface layer of dispersively interacting hydrocar- 
bon chains in which solute penetration is limited55. In mixed organic-aqueous 
eluents, the alkyl ligands are solvated by the organic modifier and the bristles are 
more or less extended into the mobile phase56. Slaats et aLs7 have shown that the 
adsorption of methanol from methanol-water eluents reaches a maximum at about 
20% (v/v) methanol and then remains approximately constant. These data have been 
interpreted as indicating that a monolayer of methanol is formed on the surface of 
the bonded phase For acetonitrile and tetrahydrofuran, on the other hand, the vol- 
ume of the extracted layer far exceeds a monolayers6, indicating much stronger 
solvent-stationary phase interactions with these more hydrophobic (Table 1) sol- 
vents. Co-extraction of variable amounts of water has been noted50,56,58 and attrib- 
uted mainly to residual stlanol groupss6. 

The structure of a polymeric phase is difficult to visualize because little is 
known about the degree of polymerization and the extent of cross-linking of the alkyl 
chains. Although the polymeric phase seems to possess a more rigid surface topol- 

ogy 59,60 and hence may interact selectively with rigid polycyclic aromatic hydrocar- 
bonss9 their chromatographic performance resembles in many respects that of mon- 
omeric’ phases. 

In summary, the stationary phase in RPLC should be thought of as a hetero- 
geneous interfacial phase of highly anisotropic character61, composed of (i) a weakly 
acidic sthca gel surface consistmg of unreacted silanol groups that are at least partially 
dissociated, (11) the solvation shell of the silanol groups consisting of water and prob- 

able also the (hydrogen-bonding) organic modifiers8, (iii) patches of interacting alkyl 

chains more or less extended into the mobile phase and (iv) a layer of adsorbed liquid 
the composition of which is different from that of the mobile phase. Additionally, 

the system is m a dynamic state, i.e., re-ordering of the chains and a rapid exchange 

of adsorbed mobile phase components have been shown to occur61. 

2.3. Comparison between static liquid-liquid distrtbutlon and dynamic chromatographic 
retention 

The success of n-octanol as a model solvent for the study of the behaviour of 
bioactive compounds in biosystems has been attributed to its adequate hpophilic- 
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hydrophilic balance brought about by the n-octyl chains, the hydrogen-bondmg hy_ 
droxyl groups and the relatively high water content at saturation (2.3 ~)5,62. The 
above treatment has shown that both dispersive interactions and hydrogen-bonding 
activity are also operating in an RPLC system composed of octadecylsilylated sta- 
tionary phases and methanol-water eluents, so that it is not necessary to coat the 
stationary phase with n-octanol m order to account for hydrogen-bonding effects, as 
has been recommended39-43. 

However, n-octanol is an isotropic liquid so that the size and shape of solute 
molecules are not determinants of the partition process. This is in contrast to the 
strong anisotropic nature of a typical biomembrane for which n-octanol is used as 
a model. The major components of most membranes are phospholipids and choles- 
terol molecules forming a bilayer m whrch proteins and other hpids are incorporated. 
Three structurally different regions constitute the permeation barrier for broactive 
SolUteS, Viz., (1) an outer region exposed to the aqueous phase and composed of the 
charged phospholiptd head groups, which are highly polar, (ii) a water-organic in- 
terface consisting of tightly packed cholesterol rings, glycerol backbones and the first 
few methylene units of the hydrocarbon chains, which is a medium-polar and highly 
inflexible region and (iii) the tall groups of the hydrocarbon chains forming an ex- 
tremely non-polar, flexible and loosely packed region 62. Thus, a membrane will not 
behave as a bulk liquid in its dtscriminative power with respect to solute partitioning. 
Rather, the molecular size and shape and the orientation of functional groups relative 
to the other structural features of the solute will certainly contribute to the “biolog- 
ical” partition coefficient. 

According to the picture developed above for RPLC, tt is obvious that a num- 
ber of similarities exist between the mobile phase-stationary phase interface and the 
membrane-water interface. The chemically bonded phase does not behave as a liquid 
but resembles much more the ordered array of the membraneous hydrocarbon chains. 
The residual silanol groups, some of them being charged at neutral pH, and the 
adsorbed layer of hydrogen-bonding organic modifier and co-extracted water mole- 
cules may be expected to figure the polar, outer membrane regions. Finally, both 
systems are apparently in a dynamic state where true equilibrium is seldom achieved. 

These arguments should not be taken to indicate a true identity of the two 
systems and, further, it should be stressed that specific interactions between solutes 
and the lipophilic phase are usually outweighed by the hydrophobic effect and do 
not contribute significantly to the free-energy change of the distribution process in 
either liquid-liquid partittoning, membrane permeation or RPLC retention. How- 
ever, a number of instances may exist where minor structural differences within a 
group of related compounds do have some consequences for transport phenomena 
m btosystems, and it is expected (and will be discussed below) that in these instances 
RPLC retention parameters may include additional information about the physico- 
chemical properties of solutes that is not applicable in a liquid-liquid partition system 
such as n-octanol-water. For most systems it is further expected that retention 
parameters may be equally useful in describing quantitatively the hydrophobic nature 
of a bioactive compound. 
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3 DETERMINATION OF HYDROPHOBIC PARAMETERS BY REVERSED-PHASE LIQUID 

CHROMATOGRAPHY 

3.1. Retention parameter 
Retention in liquid chromatography is quantitatively described by the capacity 

factor, k’, given by the normalized retention time (or volume), viz., 

k’ = (tR - to)/to (3) 

where tR is the retention time of a retamed solute and to IS the mobile phase hold-up 
time. The capacity factor is related to the thermodynamic equilibrium constant, &, 
via 

k’ = KR@ (4) 

where @ is the phase ratio of the stationary to the mobile phase. Combination of 
eqns 1 and 4 yields 

AGR Ink’ = _ ~ 

RT 

or 

log k’ = - ST 

Hence the capacity factor is the fundamental parameter for comparison of retention 
data and for the quanttfication of physico-chemical phenomena m terms of linear 
free-energy relattonships. Some workers, however, chose to use retention times or 
volumes directly as a measure of a solute’s hydrophobicity63-70. Although reasonable 
correlations with other hydrophobic parameters have usually been reported, these 
results are dtfficult to compare and to mterpret7’ owmg to the strong dependence of 
retention times on the specific experimental conditions. 

The calculation of the capacity factor requires a knowledge of the mobile phase 
hold-up time, to. In theory, to is equal to the retention time of a solute “identical” 
with the mobile phase72, a value experimentally tmpossible to determine. In practice, 
several approaches have been applied to solve thts problem. The most frequently 
used procedures include (i) the use of pure or labelled mobile phase components, (ii) 
the use of “non-retained” polar solutes, (in) the use of organic or inorganic salts, (iv) 
the linearization of the net retention times for homologeous series and (v) dtfferential 
weighing of the column 72-76. However, each method has its shortcommgs and 1s re- 
garded as a more or less appropriate approximation for measuring to. For practical 
purposes, methods (t)-(iit) appear to be the most suitable and reliable determination 
techmques57,71,76~77. A s many laboratories do not possess the equipment required 
to measure pure, deuteriated or trmated mobile phase components, salts such as 
potassium bromide or sodium nitrate are often used as to markers. In these instances, 
tt 1s of prime importance not to use mobile phases of low to zero ionic strength 
because under these condittons charged solutes are partly excluded from the pores 
by electrostattc repulsion 78 so that the measured retention time in fact represents the 
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exclusion ttme, which is usually much shorter than to and further is strongly concen- 
tration dependent. Similar problems are known to occur with relatively large to 
markers. 

3.2. Correlation between the capacity factor and the n-octanol-water partition coefJi_ 
cient 

Numerous studies have described the relationship between log k’ and other 
hydrophobic parameters in terms of linear free-energy relationships. Mutual &pen_ 
dences have been reported for log k’ and water solubihty79-81, hydrophobic surface 
area(volume)7g~82-85 , molecular connectivity lndices24,8*,83,85-*9 and quantum me&_ 
anically calculated parameters ‘8,Qo Most reports, however, have described the cor- _ 
relation between log k’ and log P OCT (or hydrophobic constants derived therefrom). 
As the above-mentioned descriptors of molecular properties basically reflect the same 
solute physrco-chemical property and hence are strongly interr&ted2-6,1*, the f,-& 
lowing discussion will be focused on the observed log k’-log Pocr relationships for 
which the relevant literature data are collected in Table 2. In order to organize the 
data better, the entries in Table 2 are grouped according to the organic modifier used, 
and within a group are ranked in order of decreasing volume fraction of organic 
modifier in the mobile phase. Note that additional reports have appeared (given at 
the bottom of Table 2) that contain related informatton, but whose style of data 
presentation precluded their mcluston m Table 2. 

Considering first methanol-water eluents, the reported statistical significance 
of the log k’-log PoCT correlations for a wide variety of different solute classes is 
remarkably high. Haky and Youngq8, in a study including 68 different solutes of very 
diverse chemical character, reported an equation that left only 6.6% of the variance 
unexplained by the model, and that could be improved only slightly by omitting the 
strong hydrogen-bonding phenohc compounds from regression analysis. Hammers 
et aLQ9, using acidic chlorophenols, basic chloroanihnes and apolar solutes, and El 
Tayar et al.‘OO, studymg the retention of 48 ortho-, meta- and para-disubstltuted 
benzene dertvatives, obtained regresston equations of similar quality. Obviously, the 
observed mutual relatlonshtp between log k’, measured in methanol-water eluents, 
and log PoCT does not depend on the particular structure of the solute group (Table 
2) but reflects a general correspondence of the nature of the distribution processes. 

The regression equations collected m Table 2 may be regarded as a special case 
of the Collander equation’ 2 ‘, whtch relates the partition coefficients measured in two 
different partttioning systems, VIZ., 

log PI = p log P2 + q (7) 

where p and 4 are constants that are characteristic of the non-polar solvent employed 
in combination with water. If log P OCT IS considered as the reference partition coef- 
ficient, reasonable correlations can be expected only when the Other non-polar solvent 
shows similar hydrogen-bondmg activity 4,6,121. In view of the overall degree of cor- 
relation between log poCT and log k’ shown m Table 2 for methanol-water eluents, 
it is clear that the hydrogen-bonding potency of the RRX system must be very 
similar to that of the n-octanol-water system. This conclusion is further substantiated 

by the findings of Hammers et al. 99 and Hafkenscheld and Tomlinson”‘, who ob- 
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served a poor correlation between log k’, determined in methanol-water eluents, and 
log PA~KANE for polar solutes capable of forming hydrogen bonds. 

For acetomtrile-water eluents, reasonable correlations between log k’ and log 
PoCT have frequently been observed for non-polar solutes possessmg at least some 
structural relationship, i.e., for aromatic hydrocarbons7g, 1-arylpiperazineslo6 and 
halogenated benzeness3 When heterogeneous solute groups are employed, the ca- 
pacity factors seem to be only moderately correlated with the correspondmg log Porn 
values This is readily apparent from the retention data presented by Schoenmakers 
et dg6 for a large set of substituted polar and non-polar benzene derivatives and 
those reported by Hanai and Hubert lo7 for urinary aromatic acids. 

Jim-to and Kawasakls5 have shown that, when using acetonitrile-water eluents 
and polar solutes, the correlation between log k’ and log PoCT (in fact, rc) can be 
improved by introducmg a term that corrects for differential hydrogen bonding: 

log k’ = 0.14 rc - 0.049 (HA - HD) - 0.01 (8) 

where the term HA - HD corrects for hydrogen-accepting (HA) and hydrogen- 
donating (HD) activity. This approach is eqmvalent to the differentiation of solutes 
into hydrogen-bond donors and hydrogen-bond acceptors, as has been proposed by 
Leo et ~1.~ for the appropriate comparison of partition coefficrents measured in sol- 
vent systems that contain dtsparate hydrogen-bonding activities. 

Although the limited data set available for tetrahydrofuran-water eluents pre- 
cludes a detailed discussion, it seems to be clear from the retention data reported by 
Schoenmakers et cd.96 that the range of solute structures for which reasonable cor- 
relations between log k’ and log P OCT can be established is even more restricted. 
Other eluent systems cannot be judged owing to the lack of sufficient data. 

In summary, a general relationship between log Pocr and log k’ for a broad 
range of structures of biological interest can only be expected to exrst for capacity 
factors determined in methanol-water eluents. This is exactly what one would expect 
by considering the retention mechanism in RPLC and the organic modifier properties 
shown in Table 1. As only methanol provides both strong hydrogen-donating and 
hydrogen-acceptmg capabilities, (i) the stationary phase-mobile phase interface con- 
tains hydrogen-bonding activity owing to adsorbed methanol (and water122) mole- 
cules and (ii) the water molecule network can incorporate a fairly large amount of 
methanol, thus in principle maintaining the highly ordered array of water molecules 
that IS the driving force for the hydrophobic effect 1,30. For acetonitrile and other 
solvents, the reduced hydrogen-bonding capability of the eluent contrtbutes to a 
solvophobic effect, the energetics of which are different from those operating in the 
n-octanol-water system and in methanol-water eluents. Finally, the participation of 
residual stlanol groups m the retention process seems to be much more pronounced 
in solvents other than methanol, as has been demonstrated, for example, for aceto- 
mtrtle by Hoffman and Ltao 123. Thus, methanol seems to be the organic modifier of 
choice for the determination of RPLC hydrophobic parameters 

Comparing the slope and intercept values of the Collander-type equations cd- 
lected in Table 2, it is evident that there is no single relationship between solute 
retention and log PO,--. Rather, the individual results depend on the nature of the 
solute group, the amount of methanol present in the mobile phase and the particular 
stationary phase used to measure log k’. 
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The slope of the Collander equation is a measure of the solvent system’s sen- 
sitivity to changes in the hydrophobicity of solutes relative to n-octanol, i.e. a slope 
of 1.0 would indicate isodiscriminative behaviouI-4. The reported values vary from 
1.26 to as high as 4.53, indicating that a given change in hydrophobicity is detected 
very differently and less sensitively in terms of log k’. Although there is a trend 
towards lower slopes with decreased organic modifier content in the eluent, the ob- 
served exceptions (e.g., barbituratesa7) also indicate an influence of the structure of 
particular solute groups. 

The intercept of the Collander equation gives a measure of the hydrophobicity 
of the non-aqueous phase relative to n-octano14. Consider, e.g., an equal distribution 
of a solute molecule between the stationary and mobile phases, i.e., Kx = 1, then the 
capacity factor is equal to the phase ratio (see eqn. 4). Assuming a phase ratio of 
0.6-0.7 for reversed-phase material and introducing the resulting capacity factor into 
the regression equations reported in Table 2, most of the corresponding log PoCT 
values would be more or less positive. In other words, a solute that is equally distri- 
buted between the stationary and mobile phases would prefer n-octanol over water 
as a solvent, i.e., the non-polar phase in RPLC in many instances behaves as if it is 
more hydrophobic than n-octanol. The apparent hydrophobicity of the stationary 
phase decreases with decreasing methanol concentration in the eluent (Table 2), and 
addmonally depends on the structure of the solute. This has been clearly demon- 
strated by Haky and Youngg8, who showed that the magnitude of the intercept values 
of the log k’-log PoCT plots was related to the extent to which hydrogen bonding 
was involved in the solute’s distribution process. 

The results obtained indicate that the expression of hydrophobicity in terms 
of log k’ is relative in nature, and that an established log k’-log PoC- correlation for 
a given class of compounds cannot be extrapolated either to different solutes or to 
other separation systems, even if the latter consists of an identical mobile phase and 
a stationary phase of nominally the same composition. The observed variations are 
induced by the stationary phase, the volume fraction of organic modifier in the eluent 
and the structure of the solute, which together constitute a major drawback in com- 
parison with the classical n-octanol-water system, which provides a single, continu- 
ous hydrophobicity scale. Further, the necessity to use reference compounds with 
known log PoCT values to calibrate the log k’-log P OCT plots contains an inherent 
difficulty. From a theoretical viewpoint, as many standards as possible should be 
employed to cover all possible interactions between solute, mobile phase and sta- 
tionary phase, which from a practical viewpoint is impossible to achieve. In practice, 
this problem is sometimes solved pragmatically by selecting a few standards that 
simply cover the expected hydrophobicity range of the solute group under study. An 
inappropriate choice of reference compounds may not only lead to under- or over- 
estimation of the apparent hydrophoblcity, but may also reduce the goodness of fit 
of the data to the log k’-log PoCT correlation equation. 

It has been claimediz4 that the measurement of hydrophobic parameters for 
ionizable compounds is not possible using RPLC. For these solutes, the reference log 
P& refers to the ratio of the non-ionized compound in each phase. What is actually 
observed is the ratio of the concentration, assuming that only the uncharged solute 
can partition into the n-octanol phase, of the neutral species to that of all molecular 
species m the aqueous phase. However, it is known4 that the non-polar phase may 
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contain a considerable fraction of charged solutes owing, for example, to dimer for- 
mation or partitioning of ion pairs formed with the buffer components, so that the 
pH of the aqueous phase is usually adjusted to avoid ionization. In RPLC, this 
approach is applicable to only a limited extent because the silica gel matrix is unstable 
outside the pH range 1.5-7 5. Therefore, many basic solutes cannot be chromato- 
graphed m their non-ionized state 

As has been initially shown by HorvLth et aZ.i5, the capacity factor can be 
corrected for ionization effects by the application of the equation 

k’ = [1 + 10(pX,~PH)m~~]-l k” + [1 + 10(pH-PKJm~b]-l k+ (9) 

where k” and k+ are the capacity factors of the non-ionized and fully ionized solute, 
respectively, and the subscript mob. refers to the actual eluent composition. Hafken- 
scheid and Tomllnson103 measured the p& values of basic drugs under mobile phase 
conditions and where able to calculate k” and to relate it to the correspondmg log 
Gl.X: 

log P& = 1.819 (* 0.078) log k” + 0.597 (& 0.136) 

n = 28; r = 0.977; F = 543; s = 0.298 

(10) 

The observed highly significant correlation shows that RPLC is in principle 
also suited to provide hydrophobic parameters for charged compounds. As the use 
of eqn. 10 requires the knowledge of p&mob ) which is difficult and tedious to deter- 
mine*03~‘25, the authors further developed a simple semi-empirical ion correction 
equation, the solution of which requires only log kkob and log k+. Log k+ can be 
easily determmed by using a mobile phase with a pH at least 2 units lower than the 
pK, values of the bases. 

Recently, Fong et .1.1°6 supplied evidence that the problem of correcting for 
iomzation effects on retention may be handled in an even simpler way. Using basic 
1-arylpiperazines, they found that the capacity factors at each eluent pH was equally 
well correlated with log PO so that the partition coefficient of the neutral species could 
be adequately described by considering only the pH of the mobile phase and the 
resulting capacity factor by 

log PO = 0.029 log k’ - 2.003 PH,,,,~ + 14.923 (11) 

n = 12; r = 0.97 

Additional support comes from the work of Unger and co-workers40,42,43 and 
others53,70,126.127, who also found strong correlations between log k’, whether cor- 
rected or not for ionization, and other hydrophobic parameters so that ionizable 
compounds do not seem to represent an insurmountable problem for the determi- 
nation of hydrophobic parameters by RPLC. It should be stressed, however, that 
much work is still required for the proper assessment of (i) the effects of organic 
modifiers on pK, values of solutes and mobile phase buffer components125, (ii) the 
formation of ion pairs in the mobile phase43 and (iii) changes in the ionization of 
residual silanol groups and their possible participation in the retention process of 
charged solutes, before a general procedure can be established for the appropriate 
handling of such “problem” solutes. 
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Another possibility for circumventing the above-mentioned problem is to use 
ion-pair RPLC, where retention of a charged solute is enhanced by complexation 
with an oppositely charged lipophilic pairing ion (see ref. 128 for a review). For 
example, Riley et al.129 used ion-pair RPLC to measure the retention behaviour of 
s-triazmes, azapurines and benzoic acids on octadecylsilica gel. Functional group 
contributions, calculated from the capacity factors, were linearly related to the cor- 
responding Hansch rc substituent constants. Recently, it has been shown that the 
approach of Riley et al. IS also valid for benzylbenzoic acid derivatives130. 

In order to summarize the presently available evidence for the capability of 
RPLC of providing hydrophobic parameters of general sigmficance, the main dis- 
advantage of log k’ lies not in its possible limitation to particular solute groups such 
as neutral compounds, but in its dependence on the stationary phase properties, the 
organic modifier content of the eluent and the structure of the solute These variables 
lead to log k’-log P ocT relationships of little general significance and may, owing to 
the necessity to use reference log P OCT values, induce considerable errors in the mag- 
nitude of the hydrophobicity of a particular compound and in the relative hydro- 
phobicity within a group of related compounds. 

3.3. Orlgm of the variability of log Pocrlog k’ correlations 

3.3.1. Stationary phase effects 
The lack of uniformity of retention data obtained with identical mobile phases 

and stationary phases of nommally the same composition for a given solute series is 
caused by differences in the stationary phase properties45’131. Although in water-rich 
eluents homoenergetic retention, i.e., identical intrinsic thermodynamical behaviour, 
is observed for most solute classes on many alkyl-bonded phases132, absolute solute 
retentions may differ significantly This is shown in Fig. 1 for benzene, the capacity 
factors of which were determmed on six reversed-phase packings at dtfferent mobile 
phase compositions133. The variability of absolute retention is the result of differ- 
ences in the phase ratios per unit volume of the columns45 so that, depending on the 
characteristics of the startmg material and the bondmg procedure used by the manu- 
facturer, a variable number of alkyl chains per unit area are accessible to stationary 
phase-solute interactions Such differences affect the Collander equation relating the 
capacity factor to log P OCT by changing the apparent hydrophobicity of the stationary 
phase and hence the corresponding intercept value. This is readily apparent by com- 
parison of the Collander equations reported by Smiths2 with that reported by Koop- 
mans and Rekkergl for alkylbenzenes (Table 2). 

As long as no standardized procedure for bonded-phase synthesis is employed 
by the suppliers, column-induced differences in absolute retention will be large. For 
example, the log k’ values for benzene show an absolute variation of 0.16 (on the 
logarithmic scale), which, considering the relatively narrow range of experimentally 
available log k’ values of - 0.5 to + 1 .O, will produce a variability in log k’ of at least 
16%, but usually much more. 

3.3.2. Composition of the mobile phase 
The results presented in Table 2 indicate that the slopes and the intercepts of 

the log k’-log PoC- plots were dependent on the organic modifier concentration in 



Th. BRAUMANN 206 

log k' 

intercept b 
slope (4 

3 

2 

.I - 

o- 

O- 

0 -’ 

P 02 04 06 08 Y 

Fig. 1 Plot of log k’ versus 9, the volume fraction of methanol m the mobile phase, for benzene Log k’ 
was determmed on SIX different n-alkyl-bonded stationary phases’33 

Fig 2 Dependence of the slope (A) and the Intercept (A) of the equation relatmg log k’ to the n- 

octanol-water partition coefficxmt log PoCT (log PO cT = a log k’ + b) on the volume fraction of methanol, 

cp, at which log k’ was measured The data were taken from ref 96 

the eluent. In order to shed light on the supposed dependences, we have related the 
capacity factors presented by Schoenmakers et al. 96 for benzene derivatives to their 
log PO,-- values as given by Hansch and Leo 2. Using fourteen solutes with log Porn 
values from 1.10 (benzyl alcohol) to 4.07 (biphenyl), the capacity factors measured 
in the methanol volume fraction range 0.3-0.9 were used to calculate the relationship 
between the slopes and intercepts of the individual Collander-type equations and the 
methanol content of the eluent (Fig. 2). It is apparent, and indicated by the dotted 
line in Fig. 2, that the values of the slope converge to 1 0 and that the intercept values 
converge to zero for a pure aqueous eluent. The same has been shown by Harnisch 
et aI.‘j4 to apply to a series of n-alkylbenzenes and seven structurally unrelated 
OECD (Organization for Economic Cooperation andDevelopment) reference com- 
pounds. 

In terms of the Collander equation, these findings indicate that the capacity 
factor obtained m 100% water 1s identical with log PoCT, and that addition of meth- 
anol to the eluent leads to a reduced sensitivity with respect to changes in hydro- 
phobicity (slope > 1.0) and to an enhanced hydrophobicity of the stationary phase 
(intercept usually > 0.0). 

3.3.3 Solute-solvent mteractions 
Selective solute-solvent interactions are revealed by Fig. 3, which shows a plot 

of log k’ versus the volume fraction of methanol, cp, for adenine, adenosine and 
adenosine 3’,5’-monophosphate. This particular example was chosen in order to dem- 
onstrate the effect of solute size and polarity differences on the slope of the log k'- 
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log k’ 

05 

Fig. 3 RelationshIp between the capacity factors of nucleic acid components, log k’, and the volume 
fraction of methanol, q, m the mobile phase The aqueous part of the bmary eluent conslsted of 100 mM 
phosphate buffer @H 6.6). a, Ademne, 0, adenosine, 0, adenosme 3’,5’-monophosphate. 

q plots1 3 5. Regarding the use of the capacity factor as a hydrophobic parameter and 
considering the data shown in Fig. 3, one would come to completely different con- 
clusions whether log k’ is measured at q = 0.35, 0 25 or 0.10 owing to the intersec- 
tions shown in Fig. 3. Although this example is an extreme case, large slope differ- 
ences have been also observed for more closely related solutes99,136. Thus, selective 
solute-solvent interactions, if not accounted for, will affect the slope and intercept 
of the Collander equation and, at worst, will adversely affect the overall correlation 
owing to the possibility of accldently selecting the “wrong” mobile phase composition 
(cJ, Fig. 3). 

We have shown95*g7 that selective solute-solvent interactions can be eliminated 
by using log k,, the capacity factor obtained by extrapolation of retention data from 
binary eluents to 100% water, as a hydrophobic parameter. Thus, the discussion of 
the limitations of log k’ indicates log k, as a possible candidate for overcoming the 
restncted applicability of RPLC capacity factors for the assessment of the hydro- 
phobic nature of solute molecules. 

4 THE LOG k, CONCEPT 

The possibility of using log k, as a hydrophobic parameter was first envisaged 
and demonstrated by Hulshoff and Perrin 136 for a series of benzodiazepines. More 
recent studies have added strong evidence that log k, is more closely related to log 
Pot- than isocratic capacity factors. However, log k, values are usually too high to 
obtain experimentally, and therefore have to be calculated using extrapolation tech- 
niques. 

According to the solubllity parameter concept 25, the relationship between sol- 

ute retention and the composition of the mobile phase can be described by 

log k’ = log k, + Aq2 - Srp (12) 
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where A and S are constants for a given solute-eluent combination and p is the 
volume fraction of the organic modifier in the aqueous eluent. Schoenmakers et al.28 
have recently shown that the vahdity of eqn. 12 is restricted to mobile phases that 
contain less than 90% water. When more water was used, the quadratic eqn. 12 
turned out to be insufficient and required the inclusion of a correction term. Further, 
the curvature of the log k’-q plot, as described by eqn. 12, was mainly caused by 
capacity factors measured at the upper or lower end of the volume fraction range. 
These findings refer to a discontinuity of the retention mechanism at very high or 
low water concentrations in the eluent. In the first instance, the extended n-alkyl 
chains shrink to form a rigid surface of interacting hydrocarbon chains that are 
poorly wetted by the eluent28,s s, whereas at very low water concentrations the mobile 
phase change from a water-like structure to an organic modifier-determined structure 
that exerts its own solvophobic effect 24 Hence it is only the intermedlate volume . 
fraction range for which the discussed similarities between retention, n-octanol-water 
partitioning and membrane permeations hold, i.e., a hydrogen-bonding non-polar 
phase and a water-like polar phase. If methanol 1s regarded as the most sultable 
organic modifier, its minimum concentration can be derived from the studies of Slaats 
et a1.57 and Scott and Simpson60, who showed that a sufficient solvation of the 
bonded phase is attained at cp values of 0.1-0.2. For the upper limit, practical ex- 
perience concerning the curvature of the log k’-p plots indicate a value of 0.849 
as being appropnate. Therefore, it is not necessary to describe exactly the retention 
over the whole volume fraction range 25J8, but to find an adequate expression for 
the dependence of log k’ on q over a volume fraction range of at most 0.14.9. 
Snyder et al.34 showed that in this instance a linear version of eqn. 12 can be used 
as a good approximation, VIZ., 

log k’ = log k, - Scp (13) 

Owing to the restrlction to the intermedlate volume fraction range, log k, values 
calculated by means of eqn. 13 are usually lower than those either measured exper- 
imentally or calculated using the quadratic eqn. 1225J8,137. Further, log k, is not a 
solute constant but, owing to the participation of the organic modifier in the retention 
mechanism, depends on the hydrophobicity of the modifier, being largest m 
methanol-water eluents and being gradually reduced m more lipophihc solvents such 
as acetonitrile and tetrahydrofuran g5. As far as the capability of log k, in describing 
the hydrophobic nature of solutes is concerned, the above considerations do not 
indicate a weakness of the approach, but rather reflect that a hypotheticaZ RPLC 
system composed of an alkyl-bonded phase and an aqueous eluent 1s different from 
the real aqueous system. 

In addition, the use of quadratic or even more complex functions28 for extra- 
polation purposes requires the determination of a large number of capacity factors 
per solute, particularly at low values of cp, owing to a greatly increased uncertainty 
in the intercept value log k, on introduction of a q* term, so that practical reasons 
also point to the use of the linear eqn. 13. It should be noted that the linear extra- 
polation of retention data to 100% water in chromatographic partition-like systems 
was first suggested and theoretically verified by Soczewihski and Wachtmeister138 
and subsequently applied with much success to thin-layer chromatography by Blagi’s 

group 139,140, so that log k, is equivalent to R& . 
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The magnitude of the slope, S, of the log k’-9 plots has been interpreted as 
the number of water molecules removed from the solute on its exclusion from the 
mobile phase . 138,141 S therefore depends on the size of the solute and the number 
and structure of polar functional groups. Hafkenscheid and Tomlinson142 and Brau- 
mann et aI. found that, usmg methanol-water eluents, S is strongly correlated with 
log k, for a broad range of different solute structures. This is not so for eluents 
containing acetonitrile95p142, ethanol143 or tetrahydrofuran (unpubhshed results), 
and thus adds support to the previous conclusion that, as far as non-congeneric 
solutes are concerned, the retention mechanism in methanol-water eluents is unique. 

4.1. Correlatron between log k, and the n-octanol-water partition coeficient 
The judgement of any potential relationship between log k, and log PO,-- suf- 

fers from one principal difficulty. In view of the fact that published log PoC- values 
often differ by up to 50°h2, and that for many highly hydrophobic solutes and more 
complicated structures no reliable partition coefficients, either determined experi- 
mentally or calculated, are at hand, the reason for a possible lack of correlation with 
log k, may equally be the result of a failure of the RPLC model or erroneously 
determined log POCT. To exclude, as far as possible, the latter possibility, we shall 
discuss first those studies which have dealt with solutes of well established partition 
behaviour m the n-octanol-water system. 

El Tayar et al. * ** used 49 ortho-, meta- and para-substituted toluenes, anilines, 
phenols, nitrobenzenes and chlorobenzenes to calculate log k, by linear extrapolation 
of retention data from methanol-buffer eluents containing 0.2% (v/v) of the silan- 
ol-masking n-decylamine. An excellent correlation between log k, and log PO,-- was 
obtained as 

log k, = 0.899 (f 0.051) log POCT + 0.226 (f 0.111) 

n = 49; r = 0.982; F = 1249; s = 0.168 

Eqn. 14 proved to be superior to the corresponding correlation between the 
isocratic log k’ and log PoCT (cf, Table 2), the reason for which was related to an 
under- or overestimatton of the hydrophobicity, in terms of log k’, of in polar solutes 
particular. El Tayar et al. additionally observed that adjacent substituents having 
hydrogen-bond donor and/or acceptor capabilities behaved differently in RPLC than 
m the octanol-water system. According to the formation of intramolecular hydrogen 
bonds which compete with intermolecular solute-solvent hydrogen bonds, such or- 
tho-substituted compounds should have a higher log PocT than their meta- and par- 
a-isomers. This was indeed observed for the log k, values of such compounds, but 
usually not for the corresponding log PoCT values. El Tayar et al therefore concluded 
that extrapolated log k, values are more accurate estimates of hydrophobicity and 
provide a more consistent and precise data set, which they subsequently used to 

analyse substituent interactions and their possible lack of additivity in terms of hy- 
drophobic constants. 

Hammers et ai.9g also noted an improved correlation between log k’ and log 
Pocr by using the linearly extrapolated log k, values from methanol-water eluents 
for alkylbenzenes, fused arenes, polyphenols and chloro-substituted benzenes. ani- 
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lmes and phenols. They attributed the better data fit to the fact that both log PoCT 
and log k, were strongly related to the solute’s activitv 
formulated the following Collander-type equation: 

r’ coefficient in water. They 

log POCT = 0.91 (k 0.02) log k, + 0.28 (& 0.06) 
(15) 

n = 36; s = 0.11 

Most interestingly, the statistical sigmficance of eqn 15 dramatically decreased 
when log P values from n-alkane-water, in particular for polar solutes, were used 
Instead of log Pea values. This findmg strongly supports the previous conclusion 
that the stattonary phase-methanol-water interface must not be regarded as &a- 
ne-like but certamly has hydrogen-bonding capability. Hammers et a1.99 emphasized 
that, although the solute series incouded acidic chlorophenols, basic chloroanilines 
and non-polar compounds, the log k, values could be adequately described with a 
single regression equation on log P OCT They concluded that the sparingly available 
silanol groups were not readily accessible to solute molecules and adsorption at these 
sites could be ignored. 

Harnisch et a1.134 compared log k’ and log k,, measured in methanol-water 
eluents, as potential hydrophobic parameters for OECD reference substances Again, 
log k, proved to be superior to log k’ in the correlation with log PocT. 

log Pm = 0.90 (f 0.01) log k, + 0.08 (& 0.09) 

n = 46; Y = 0.983; s = 0.39 

(16) 

As the experimental error in log k, determinations was usually much smaller than 
that for log PoCT, in particular for very hydrophobic compounds, they recommended 
using log k, directly as a hydrophobic parameter in studies on the bioaccumulation 
of potentially hazardous compounds. 

Thus and Kraak144 determined log k, values for 29 non-congeneric solutes on 
octadecyl- and phenyl-silylated silica gel using methanol-buffer eluents. While the 
correlation between log k, and log P ocT was comparable to those reported in eqns. 
1416, some results and conclusions deserve comment. They measured only three 
different log k’ values m a very narrow volume fraction range (0.55 I c~ < 0.75) 
and calculated log k, by linear extrapolation. Owing to this small data base, the 
correlation between log k’ and cp was poor in comparison with the usually reported 
correlatton coeffictents and therefore a high uncertainty in the log k, values resulted 
because even a small error m S will produce a large error in log k,. Finally, the 
reported log k, values of the polar compounds are unreliable because even at the 
highest water content (cp = 0.55) used the retention of these compounds is weak and 
at the hmit of accurate measurement. For example, Thus and Kraak144 reported a 
log k, for phenol of 0.09, which IS more than one unit lower than those reported in 
many independent studies (see later in Table 4). Hence the final comment of the 
authors that phenylsilylated silica gel is a better stationary phase for the determi- 
nation of hydrophobic parameter may also not be valid (see, e.g., the recent work of 
Antle et aZ.131). 

Butte et al.‘45 correlated experimental log k, values for 29 mono- to penta- 
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substituted phenols with their corresponding log Pot. values and found 

log k, = 0.848 (f 0.034) log PocT - 0.311 (& 0.073) (17) 

n = 29; r = 0 979, F = 636; s = 0.149 

They noted that the good correlation deteriorated when z substituent constants were 
employed instead of measured log P OCT values and therefore concluded that substit- 
uent constants are applicable only to give an approximately orientation and do not 
replace an exact evaluation. However, the log k, values reported by Butte et aZ.145 
were consistently lower than those usually observed (see Table 4), which is caused by 
the relatively large negative intercept of eqn. 17. Butte et al. employed 0.01 A4 hy- 
drochloric acid in methanol in order to suppress ionization of the phenols, whereas 
usually water or buffer at near neutral pH is used as the aqueous component of the 
eluent At pH 2, however, the structure and polarity of the stationary phase are 
different from those at pH 7. Owing to the weakly acidic character of the residual 
sllanol groups, an eluent of pH 7 induces a surface with much higher net charge and, 
concomitantly, with a greater number of water molecules bound to the silica sur- 
face146. This may result in forcing the partly aggregated n-alkyl chains into more of 
a bristle-type surface whereas at pH 2 the surface consists of more strongly interacting 
hgands and less water present in the stationary phase-mobile phase interface. Hence 
the overall polarity of the stationary phase is lower at pH 2 and gives rise to the 
negative Intercept observed for the Collander eqn. 17. 

If methanol-water eluents of comparable ionic strength at near neutral pH are 
used to measure retention, the stationary phase-induced variance of the resulting log 
k, values is small. This was demonstrated by Braumann et aZ.133 for SIX reversed- 
phase packings dlffermg in the structure of the bonded phase (monomeric/polymeric), 
the surface area, the carbon loading and the number of residual silanol groups. From 
these and additional literature data for solutes of very diverse chemical characters, 
they obtained an excellent correlation between the mean log k, values and the n- 
octanol-water partition coefficient, Viz., 

log k, = 0.986 (f 0.022) log PoCT + 0.078 (f 0.069) (18) 

n = 2.5, r = 0.9938; F = 1915; s = 0.130 

In view of the regression coefficients of the Collander-type equation indlstinguishable 
from 1.0 and 0.0, respectively, Braumann et a1.133 concluded that log k, can be used 
a prlorl as a hydrophobic parameter and needs no additional reference system such 
as log PWT. 

Table 3 summarizes the dlscussed and additional work on the relationship 
between log k, and log POCT. In comparing the reported regression coefficients, it is 
evident that mean values of 1 .O and 0.0 for the slope and intercept, respectively, can 
be expected. This proposal is verified by considering the data collected in Table 4. 
Here, reported and, in some instances, subsequently calculated log k, values for 60 
different solutes are shown for which a minimum of two different values were avail- 
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able in the literature. From the reported data the mean (log k,) and, whenever four 
or more individual results were available, also the standard deviations of the mean 

were calculated. The log k, values were subsequently correlated with measured log 
P OCT values given mainly in ref. 2 to yield 

log kw = 0.988 (* 0.051) log PocT + 0.020 (k 0.060) (19) 

n = 60; r = 0.988; F = 2456; s = 0.176 

which is shown graphically in Fig. 4. As the solutes employed m the analysis covered 
a very wide range of possible structures, from very hydrophobic (p,p’-DDT) to very 
polar (aniline), from mono- to multi-substituted compounds, the regression coeffi- 
cients and the degree of correlation clearly indicate the equivalence of log k, and log 
PoC- for chemically very distinct solute classes. 

However, there are some exceptions from this general agreement. As noted 
already, o&o-substituted aromatic compounds capable of forming intramolecular 
hydrogen bonds consistently showed enhanced log k, valuesloo, in accordance with 
the expected decreased ability to form hydrogen bonds with the mobile phase. In 
contrast, log PocT values of, e.g., o-nitroaniline and o-aminophenol were consider- 
ably lower than those of their meta- and para-substituted counterpartsloo. Similar 
observations have also been made for or&-substituted benzamides14’. These find- 
ings prompted El Tayar et al. loo to postulate the superiority of log k, over log Pea 

5- 

L- 

3- 

2- 

,I 
I' 

,' 
,' I 1 I 

1 2 3 

Ftg 4. Relattonshtp between the n-octanol-water partttton coefficient, log POCT, and the extrapolated 
capactty factor, log k,, for 60 solutes The sohd hne represents the regression line accordmg to eqn 19 

Ftg 5 Relattonshtp between the group contrrbutron constant to retentton, T,, and the Hansch x constant 
(A) C-2-substttuted cychc nucleotides. (B) C-6-substituted cychc nucleotides, (C) C-S-substttuted cychc 
nucleottdes Outhers are denoted by open squares The sohd lines represent the regresston hnes according 

to the equattons shown Data were taken from ref 147 
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TABLE 4 

LITERATURE LOG k, DATA AND MEASURED n-OCTANOL-WATER PARTITION COEFFI- 
CIENTS 

Log k, values were calculated by lrnear extrapolation of retenhon data from methanol-aqueous eluents 
of low to zero lomc strength and near neutral pH, and were mamly from refs 80, 82, 95, 99, 100, 133 and 
134. Log Pm mamly from ref. 2 

Compound Log k, reported Mean f SD* Log POCT 

Alkylbenzenes 

H 
CH3 

211 1992.38216205208218 2 14 f 0.13 
2 74 2 71 2.60 3 02 2 72 

1,2-CH3 3 19 309 
1,3-CH3 330319 
1 ,4-CH3 3 29 3.18 3 20 3 29 
CH2CH3 3 27 3.46 3 52 3 18 3 25 
n-Propyl 3 97 4.16 3 82 3 99 

n-Butyl 4.57 4.77 4 75 4.32 
Halogenated bemzenes 

F 228231 

Cl 2 80 2 84 2.71 2.80 2 70 2 79 

1,2-Cl 3 36 3 32 3 60 3.26 

1,3-C] 349341 

1,4-Cl 3 43 3.32 3 26 3 33 
1,3,5-C] 451 426 
Hexachloro 5 90 5 96 

Andmes 
H 1050.98139121111 

2-NO1 1 75 1.70 
3-NO2 1 42 1.19 
4-NO2 1 39 1 52 
2-Cl I89 1.71 
3-Cl 1 90 1 78 
4-Cl 1 92 1 75 

Fused arenes and polyphenyls 
Naphthalene 348326331 3223.28 
Phenanthrene 4 30 4 54 

Blphenyl 4 17 4.12 4 26 3 89 4 03 

Anthracene 4 46 4 73 
Pyrene 489 5 10 

Phenols 
2-Cl 202 2 19 

3-Cl 2 29 2 40 
4-Cl 2 27 2.33 2 15 2.21 
2,3X1 2 81 3.12 

2,4-Cl 2 90 3.23 
2,5-Cl 290319 
2,6-C] 2 59 2 92 

3,4-Cl 304341 
3,5-Cl 3.27 3 68 
2,4,5-Cl 3 67 3 96 
3,4,5-C] 3 81 4 19 

H 1 27 1.26 1 27 1 34 1 37 

3-CH3 175 1.81 
4-CH3 1 85 1.80 

2-NO2 1 90 1 75 
3-NO1 1.91 180 
4-NO2 1 77 1 77 2 00 1 68 1 97 

276 f 0.16 
3 14 
3 25 

3 24 f 0 06 
3.34 f 0 15 
3.99 f 0 14 
4.60 f 0 21 

2.14 
2.76 

3 12 
3 20 
3 15 
3 15 
3 63 
4.26 

2 30 2 27 
2.77 f 0 06 2 84 
339 f 015 3 38 
3 45 3 38 
3.34 f 0 07 3 39 
4.39 4 31 
5.93 5 50 

1 15 i 0 16 0.91 
1 73 1 83 
1 31 1 37 
1 46 1 39 
1 80 1 91 
1 84 1 89 
I 84 1 83 

3 31 f 0.10 3 38 
4 42 4.53 
4.09 f 0.14 4.06 

460 4 63 
5 00 4.88 

2 11 2 16 

2 35 2.50 
2 24 i 0 08 2 40 

2 97 3 15 

3 07 3 21 

3 05 3.24 

2 76 2.84 

3 23 3.44 

3.49 3.56 

3 82 4 10 

4 00 4 36 

1 30 i 0 05 1 48 

1 78 2 00 

I 83 1.93 

1 83 1 76 

1 86 2 00 
1.84 f 0 14 191 
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TABLE 4 icontmued) 

Compound 

Nltrobenzenes 

Log k, reported Mean f SD* Log Pocr 

H 1.91 1 91 1 81 203 1.93 I 94 
2-Cl 2.32 2 31 
4-Cl 
Z-NO2 
3-NO2 
4-NO* 
4-CH3 

Polar benzenes 

Acetophenone 
Benzyl alcohol 
Benzaldehyde 
COZCH3 
Benzomtrde 

Mtscellaneous 

p,p’-DDT 
Dmron 
LLnuron 
Chloroxuron 

2 35 2.33 2 42 2 31 
1.96 I 72 2.02 
I 66 I 91 
1.48 I86 181 172 
235240246 

1.78 192 
1391301471.29127 
I 74 1.65 1 80 
2 44 2.45 
1 83 1 77 

6 70 6.06 
3.02 2 82 
281 307 
391 360 

* Standard deviation of the mean 

192 f 0.07 1.84 
231 2.30 
2 35 f 0.05 2.42 
190 1.58 
1 79 1.49 
1.72 f 0 17 1.46 
2 40 2 42 

1 85 1 63 
1.34 zt 0.08 1 10 
I 73 1 45 
245 2 18 
1 80 1.56 

6 38 6 19 
2.92 2 85 
2.94 3.00 
3 76 400 

for such solute groups. Although the molecular basis for the appropriate disc&& 

nation between isomers, which can form intramolecular hydrogen bonds, by RPLC 
retention parameters is not yet clear, the sensitivity of the RPLC system to such 
molecular properties could be related to the highly anisotropic character of the 
eluent-stationary phase interface. 

It has been proposed above that retention in RPLC, similarly to transport in 
biomembtanes, is sensitrve to the shape of the solute molecule owing to the more or 
less ordered n-alkyl chains of the stationary phase. Indeed, polycychc aromatic hy- 
drocarbons (PAL-Is) were successfully separated on octadecylsilica5g, although they 
contained the same number of rings and hence the same molecular weight. Addi- 
tionally, Jmno and Kawasakt ‘8s were able to correlate the retention data of PAHs 
with their length-to-width ratio and a correlation factor F. Ruepert et aE.*Q showed 
that the isocratic capacity factors of seven pentacyclic PAHs were significantly dif- 
ferent, while the calculation of log P oCT according to RekkeF resulted in identical 

partition coefficients for the isocychc solutes. These results clearly demonstrate the 

ability of the stationary phase to discriminate between solute molecules with different 

shapes, in the case of PAHs between rod-like and disc-like shapes. Additional support 
comes from the work of Wells et a/.84, who showed for n-alkylbenzamides that the 

bulk, branching and site of hydrocarbon branching were controlling factors for re- 
tention in RPLC and, further, that retention data could be predicted by using a 
topology descriptor, i.e., molecular connectivity indices. Thus, log k, can be expected 
to mclude also sterrc effects on the overall hydrophobicity, which are not applicable 
in a liquid-hquid distribution system such as rz-octanol. However, the experimemal 
basis for this conclusion is incomplete, and it is highly desirable not only to collect 
more log k, values for non-polar isomeric solutes, but also to analyse the abrlity of 
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log kW to predict transport phenomena in biosystems of differently sized and shaped 
molecules. 

Fig 5 shows the relationship between r,, the substituent hydrophobic constant 
derived from log kw129, and the Hansch 7c substituent constant for cyclic nucleo- 
tides14’. The purine base of these compounds contams four nitrogen atoms, so that 
strong electronic interactions between polar substituents and the base are expected 
to OCCW. This was indeed the case, as is indicated by the necessity to treat each 
substituent position (C-2, C-6, C-8) separately in the correlation analysis, and to 
exclude a significant number of outliers (open squares in Fig. 5). For CAMP (6-NHz) 

and cIMP (6-OH), for example, it is known that the additional electrons donated to 
the ring are effectively delocalized, resulting in different tautomeric forms of CAMP 

and cIMP in solution148, which, by an increase in the (hydrophobic) surface area, 
enhance the overall hydrophobicity of the purme base. The r, correctly modelled the 
expected increase in hydrophobicity while the corresponding rc values suggest the 
opposite to be the case. This example clearly demonstrates that the rr (orJ) approach 
is not readily applicable to the description of the hydrophobicity of complex struc- 
tures where strong perturbing effects are exerted by substituents on the electrons of 
the heterocychc rmg. 

The retention behaviour of cyclic nucleotides is also noteworthy m another 
respect. These compounds are charged at any pH and therefore cannot be chro- 
matographed m their unionized form. Braumann and Jastorff*49 showed that the 
negatively charged phosphate moiety of the nucleotides interact with metal cations 
m the mobile phase to form nucleotide-metal ion complexes with reduced electronic 
charge and thus enhanced retention. They further demonstrated that two different 
solute species can be used to determine experimentally the hydrophobicity of the 
solutes, vzz., the charged nucleotide in the absence of cations in the eluent, and second 
the cyclic nucleotideemetal ion complex at saturating cation concentrations with re- 
spect to complex formation. This approach may be regarded as being equivalent to 
ion-pair RPLC with lipophilic counterions, which has been applied, for example, by 
Riley et aZ.129 to the measurement of log k, of benzoic acids, azapurines and triazines. 
These results indicate that the hydrophobicity of permanently charged solutes can, 
at least in prmciple, be assessed by RPLC, which is very difficult to achieve with the 
n-octanol-water system owing to the high solubility of water m n-octanol and the 
uncontrolled distribution of ion pairs that may be formed between solute ions and 
buffer components. 

In summary, RPLC makes several important solute groups accessible to the 
experimental determination of their hydrophobicity. These include (i) complex struc- 
tures of unknown partition behaviour for which the additivtty of hydrophobic sub- 
stituent constants may not hold, (ii) permanently charged solutes and (iii) hydro- 
phobic compounds with log PocT > 4 whose partition coefficients cannot be deter- 
mined with sufficient accuracy. Hence the comparatively weak correlations sometimes 
observed between log PoCT and log k,’ 12,150,1 51 may be the result of limitations of 
the n-octanol-water partition system for such “problem” solutes. 

Pietrogrande et al. 113 have related the log k, values of benzodiazepines to the 
measured log PoCT values and found, apart from a reasonable data fit, a surprising1Y 
large negative intercept value of the resultmg Collander-type equation. In contrast, 
a small intercept close to 0.0 was reported by Hulshoff and Perrin136 for a similar 
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set of benzodiazepines (see Table 3). Whereas Pietrogrande et a1.‘13 determined log 
k, for the basic solutes in an eluent of pH 7.4, Hulshoff and Perrmi36, neglectmg 
the instability of the matrix above pH 7.5, used an eluent of pH 9. Thus, different 
solute states with respect to ionization were related to log POCT, referring by definition 
to the partition coefficient of the non-ionized species. This example clearly shows the 
importance of ensuring that the same physico-chemical state of the solute is employed 
in such correlation studies. 

Finally, some limitations of the log k, approach should be mentioned. Very 
small polar solutes often yield much higher log k, values than would be expected 
from their n-octanol-water partitioning93. This phenomenon may be explamed by 
the tendency of these solutes to be included in the salvation layer of the stationary 
phase. Similar problems may also arise with surface-active solutes. For very large 
compounds, the pore size of the matrix becomes a limiting factor and may lead to 
exclusion phenomena. Further, solutes that may undergo silanophilic or metallo- 
philicls2 interactions with the bonded phase often show poor peak shapes or may 
even be irreversibly adsorbed on these sites. Although some of these effects can be 
eliminated by mobile phase additives such as lipophilic ammes, it still has to be 
established whether this procedure is generally applicable. Finally, the range of hy- 
drophobicity covered by the log k, approach is not unlimited. Considering (i) the 
accessible volume fraction range of methanol for which the model holds, i.e., 0.1 
I q I 0.9, (ii) the limited magnitude of the capacity factor that can be accurately 
measured (usually 0.5 I k’ < 50) and (iii) the minimum volume fraction range of 
0.25 unit that 1s required for the appropriate extrapolation of retention data to 100% 
water, the maximum range of reliable log k, values is approximately 0.0-7.0 Exten- 
sion of this range is possible when either isocratic log k’ values measured at high 
values of cp are used directlys9 or less polar organic modifiers are employed to cal- 
culate log k,. In both instances, selectivity effects on retention, as has been discussed 
m Section 3, have to be taken mto consideration, and a reference system is required 
in order to calibrate the RPLC hydrophobic parameters. If this can be done suc- 
cessfully, upper limiting partition coefficients of approximately 1 I-12 are within ex- 
perimental reach. 

4.2. Comparison between log P oCT and log k, as hydrophobic parameters 
The log k, values collected m Table 3 for 60 different solutes were extracted 

from studies using different experimental conditions. Temperature, ionic strength and 
pH of the eluent, mobile phase additives, structure of the bonded phase, mobile phase 
hold-up time determination and accuracy of the reported data were not the same and 
contributed to the variability of the log k, values Nevertheless, the standard devia- 
tions from the mean are small. This findmg is in contrast to the usual variability of 
measured log PoCT values, as was demonstrated by several interlaboratory compar- 
ison tests (see, e.g., ref. 134). For example, reported log PoCT values for benzene 
varied from 1.56 to 2.34133, and even larger discrepancies have been noted for strong- 
ly hydrophobic compounds such as p,p’-DDT, for which values of 3.98-6.36 have 
been reported. 

The limited accuracy and agreement of log P OCT values measured by the con- 
ventional shake-flask techmque IS the result of the necessity to measure the solute 
concentration m at least one of the phases. Problems may arise from (i) hydrophobic 
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compounds with log PoCT > 4 owing to the required precision and sensitivity of the 
analytical technique, (ii) the formation of micelles and microemulsions in the aqueous 
phase, (iii) the presence of impurities which, if they are e.g., strongly UV-absorbing, 
may seriously interfere with the quantitative determination of the solute, (iv) msta- 
bility of the solute in aqueous media, (v) dissociation/association of polar solutes and 
(vi) volatility of the solute. The latter point has been recently analysed by El Tayar 

et al.ls3, who showed that log P OCT for benzene was strongly affected whether or not 
the volatility of the solute was adequately considered. Using equipment that reduced 
the escape of benzene to a minimum, they measured a log Pm. of 2.03, which is 
considerably lower than the “best” value (2.13) usually assumed2,6. Thus, the par- 
tition coefficient of the cornerstone of many hydrophobic fragmental systems may 
not be correct. 

The calculatton of log POCK from hydrophobic constant?,6 is a valuable tool 
for the establishment of hydrophobic parameters, in particular for those solutes 
whose log PoCT values are at the extremes of, or outside, the normal measurable 
range. Despite the great success of this approach, a number of imperfections have 
also been noted. Strictly, the hydrophobic substituent constants apply only to the 
solute classes from which they were derived, so that numerous corrections are neces- 
sary when calculatmg log P ocr f or non-related structures154 that are not necessarily 
unambiguousls5. Further, non-additivity has been found for some multi-substituted 
solutes, e.g., polychlorinated phenols* 56, and also intra- and mtermolecular hydrogen 
bonding and electronic interactions between neighbouring substituents result in large 
discrepancies between measured and calculated partition coefficients. Hence the cal- 
culation of log PoCT should be regarded as an approximation and cannot completely 
replace experimental determinations. 

As for most solute classes log k, is equivalent to log PoCT (Table 4), the prac- 
tical advantages of the chromatographic system clearly favour the use of log k,. 
Retention time measurements are simple, rapid, and reproducible, and require only 
extremely small amounts of the solute. The average error of log k, determinations 
is approximately f 0.05 unit, which is at least three times better than can be expected 
for careful log PoC- measurements by the shake-flask technique. There is no need to 
quantify solute concentrations and to use ultrapure substances because the solute 
peak in the chromatogram can be easily identified. An important advantage 1s the 
possibility of accurately determining the hydrophobicity of very non-polar com- 
pounds that were previously inaccessible to expertmental techniques. As the inter- 
laboratory reproducibtlity is reasonable (Table 4), log k, may enhance data com- 
patibility for, in particular, many “problem” solutes. Finally, unstable, assoclation- 
forming and dissociable compounds cause fewer problems in RPLC owing to the 
speed of operation, the possibility of reducing the oxygen concentration in the eluent 
by degassing, the microgram amounts required and the possrbihty of accounting for 
ionization effects on retention. 

There 1s now substantial evidence that, apart from the practical advantages, 
the specral features of the chromatographic interface also indicate the dynamic chro- 
matographic technique as the method of choice for the quantitative determination 
of hydrophobic parameters. As retention in RPLC is sensitive to size and shape 
differences in the solute molecules, log k, includes additional mformation about 
topological solute properties which may also control the behaviour of bioactive com- 
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pounds in biosystems. This proposal, however, has to be verified by careful studies 
on the QSAR of isomeric compounds. 

5 QUANTITATIVE STRUCTURE-ACTIVITY RELATIONSHIPS 

Despite the ease of operation and the well established correspondence with 
other hydrophobic parameters, comparatively few workers have employed RPLC 

retention data in studies on QSAR This is in obvious contrast to thin-layer chro- 
matography11’17~1s and may be related to a general uncertainty concerning the ap- 
propriate choice of the RPLC system and the experimental conditions. It is hoped 
that this review may help to break down existing barriers and to exploit fully the 
capability of RPLC of providing highly accurate hydrophobic parameters 

Table 5 gives some of the pertinent data for reported relationships between 
biological activity and chromatographic retention. It can be seen that very few studies 
have employed log k,, which, as has been shown above, is the most appropriate 
parameter. Nevertheless, the overall impression is that log k’ could completely re- 
place log Pocr in describing the dependence of the biological activity on the hydro- 
phobic nature of compounds. There are some important exceptions, however. Baker 
et al. l 5 7 found that a retention mdex scale based on the relative retention of the drug 
and a series of C&23 2-ketoalkanes gives higher correlations with biological activ- 
ities of propranolol and barbiturate analogues than was found between log PO,-- and 
biological activity. They argued that the superiority of the retention index was not 
simply the result of a higher precision in the measurements but was a better model 
for biological interactions than the liquid-liquid partitioning model. This argument 
was based on similar considerations put forth in Section 2.3, E.e., that the ordered 
array of n-alkyl chains and the residual silanol groups better represent the structure 
of biomembranes. 

Braumann et a1.95 related log k, values for several groups of herbicides to log 
PoCT values and their inhibitory action on photosynthetic electron transport. 
Whereas log k, was strongly correlated with log P OCT for phenylureas and phenox- 
ycarbonic acid derivatives and thus could be equally well employed in studies on 
QSAR, a lack of correlation was observed for s-triazines. This was caused by the 
methylthio substituent, which, if present instead of a chloro substituent, should in- 
duce a small decrease in the overall hydrophobicity of three different analogues ac- 
cording to the rc values of +0.71 for Cl and +0.67 for SCHJ. What was actually 
observed was a large increase in retention of the SCH3-substituted derivatives with 
a corresponding A log k, of 1.5, indicative of an additional propyl substituent at- 
tached to the trlazme ring. Thus, a specific non-polar substituent exerted selective 
effects on retention that were not observed m the classical liquid-liquid distribution 
system. Using an improved procedure for the calculation of log POCT as developed 
by the Hansch group*62, the correlation between log PoCT and log k, increased over 
that initially reported 95. However, if related to the biological activity of the s-tria- 
zincs, log k, was still much better m describing the dependence of the inhibition of 
the photosynthetic electron transport on the hydrophobic nature of the s-triazines 

With the limited data available, it is not possible to generalize these observa- 
tions to other solute classes. It is expected from the unique retention mechanism in 
methanol-water eluents, however, that a substantial experimental basis for the PO+ 
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tulated superiority of log k, over other hydrophobic parameters may be available in 
the near future. 

6 CONCLUSION 

Followmg the application of thin-layer chromatographic retention data in 
studies on QSAR by Boyce and Mtlborrow163, numerous experimental data now 
suggest the usefulness of a dynamic chromatographic system for the assessment of 
the hydrophobic nature of bioactive compounds. In particular, HPLC on n-alkyl- 
bonded stationary phases with methanol-water eluents offers a powerful tool for 
such purposes. Apart from the empirically found excellent correlation between log 
PoCT and RPLC retention data, substantial theoretical work has also indicated that 
attempts to relate chromatographic retention to liquid-liquid distribution are ther- 
modynamically valid23,24~164,165. 

However, the acceptance of RPLC for official and standard methods has been 
hindered by the strong dependence of the capacity factors on the particular experi- 
mental conditions employed, making it difficult to compare results from different 
laboratones. Therefore, the capacity factors have to be calibrated by relating them 
to log PoCT of standard compounds. As has been discussed, this approach contains 
inherent limitations related to (i) selective effects resulting mainly from solute-solvent 
interactions in the eluent, (ii) the appropriate choice of reference compounds and (iit) 
the uncertainty of many published log P OCT values for, in particular, strongly hydro- 
phobic compounds. Alternatively, retention index scales similar to those used in 
gas-liquid chromatography 166,167 have been introduced to unify retention data, 
These scales are based on the relative retentions of homologous series such as 2- 
ketoalkanes168 or alkyl aryl ketones 169. However, as noted by Brent et a1.1z5, it 
seems doubtful whether a single homologous series can account for all interactions 
between the solute and stationary and mobile phases that would be experienced by 
molecules bearing the full range of possible functional groups. 

Log k,, the extrapolated capacity factor for an aqueous eluent, may also be 
regarded as a means of normalizing retention because the magnitude of log k, is 
determined by a change in retention induced by a change in the mobile phase com- 
position, rather than on merely absolute retention under fixed chromatographic con- 
ditions. At present, log k, appears to be the most appropriate RPLC hydrophobic 
parameter because, on extrapolation, selective effects exerted by the stationary and/or 
mobile phase on solute retention are partly eliminated. For a broad range of solute 
structures, log k, is doubtless equivalent to log P o,-- m tts ability to describe the 
hydrophobic nature of bioactive compounds so that the practical advantages of 
RPLC retention time measurements should strengthen the position of RPLC in the 
field of QSAR, especially if the observation that in some instances RPLC parameters 
appear to correlate better with biological data than log PocT could be substantiated 
by more experimental studies. Here, compounds with comparable hydrophobicities 
but different molecular sizes and shapes should be employed because, as pointed out 
by Tulp and Hutzmger l 55 there may be an optimal steric configuration and molec- 
ular size for biological pro;esses such as membrane transport. As retention in RPLC 
is sensitive to the topology of the solute molecule, the question raised by Tomlinson’ ’ 
more than 10 years ago may turn out to be answered, viz., “. . . is it possible that the 
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chromatographic process, being a dynamic one producing a parameter derived from 
a non-steady-state function, is more analogous to the biological state than those 
parameters derived from steady-state measurements?“’ l. 
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8 SUMMARY 

The use of RPLC retention parameters as descriptors of the hydrophobic 
nature of bioactive compounds has been evaluated. The relationship between the 
capacity factor, measured on n-alkyl-bonded stationary phases using binary eluents, 
and the n-octanol-water partition coefficient has been illustrated experimentally and 
theoretically. It is suggested that retentton parameters, in particular the capacity 
factor (log k,) obtained by extrapolation of retention data from binary eluents to 
100% water, could successfully replace the n-octanol-water partition coefficient m 
studies on quantitative structure-activity relationship, and that their use may result 
in a better correlation with biological data. 
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