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SUMMARY 

Twelve non-homologous solutes with a wide range of functional groups were 
chromatographed on a series of well-characterized stationary phases with a range of 
methanol-water mobile phases. Retention correlations were found for quantum 
mechanically calculated molecular parameters. These parameters, the total molecular 
energy, and the maximal excess electronic charge difference, were found to be better 
descriptors of retention than the dipole moment or fragmental constants. The im- 
plication of these results in terms of retention mechanisms on reversed-phase mate- 
rials are discussed. 

INTRODUCTION 

At constant temperature, three main variables determine the distribution of a 
solute between mobile and stationary phases in high-performance liquid chromato- 
graphy (HPLC): the chemical structure of the solute, the physicochemical properties 
of the mobile phase, and the physicochemical properties of the stationary phase. The 
solute distribution in HPLC is easily quantified by means of retention parameters, 
usually the capacity factor, k’. If one can numerically measure the properties of the 
solutes, of the mobile phases, and of the stationary phases, one can attempt to derive 
general relationships linking the four quantities together. Such a relationship, if 
found, would be of importance for our understanding of the physicochemical inter- 
actions involved in the chromatographic separation process. 

If the quantitative relationships between the retention data (as dependent vari- 
ables) and the numerically measured properties of the solutes, of the mobile phases, 
and of the stationary phases (as independent variables) are of adequate precision, 
they may be used to predict the retention of a given solute with a given mobile and 
stationary phase composition. The relationships could also be used for computer 
simulation of HPLC separations. 
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Attempts to relate quantitatively retention data determined for a set of solutes 
under constant (or normalized) chromatographic conditions to the solute structure 
have a long history *,*. Based on the extrathermodynamic assumption of linear free- 
energy relationships, correlation analyses have been performed using various reten- 
tion data in relation to the other experimental free-energy related parameters or 
substituent contributions2+. The applications of topological indices for the descrip- 
tion of gas-liquid chromatographic (GLC) retention indices have been especially 
successfu17*8. 

The majority of reports published to date concerning quantitative structure- 
retention relationships (QSRR)4 deal with either homologous or more or less coge- 
neric groups of compounds, chromatographed under fixed separation conditions. 
Correlations reported for several sets of solutes between the GLC Kovats retention 
indices and various molecular descriptors are often very high, especially if the sta- 
tionary phase is non-polar and the solutes are closely related structurally7qg. 

In the case of liquid chromatography the best relationships have been observed 
between retention and data determined by the classical shake-flask method2 or cal- 
culated by means of various substituent or fragmental hydrophobic constantslo. Jin- 
no and Kawasaki” described the logarithm of the capacity factors of two separate 
sets of benzene derivatives, chromatographed on a Cis column, in terms of a hydro- 
phobic substituent constant of the solutes and as a function of the volume fraction 
of the organic modifier in the aqueous eluent mixture. The reported function, derived 
statistically, is rather complex and its physical meaning is difficult to interpret. 

Among members of a homologous series the physicochemical properties that 
determine chromatographic behavior change in a parallel manner relative to one 
another. From the existing theories of chromatography l *-14 it is possible to generalize 
that in reversed-phase HPLC, two types of forces dominate the interactions between 
solute molecules and the molecules of each phase: the polar forces, arising from 
permanent or induced electric fields associated with both solute and phase molecules 
and the non-polar, non-specific forces originating from dispersive interactions. The 
ability of homologs to participate in polar interactions remains constant to a first 
approximation. Such changes in the ability of a solute to undergo non-polar, dis- 
persive interactions are most readily parameterized by common measures of solute 
“bulk” properties, like Van der Waals volumes, surface area, molar refractivity, con- 
nectivity indicies or simply the number of carbon atoms. 

On the other hand, quantitation of molecular polarity is not as feasible. QSRR 
concerning more diverse, non-cogeneric sets of solutes are rare and of limited valueis. 
The good correlations often reported between reversed-phase liquid chromatographic 
retention data and hydrophobic substituent constants for various sets of solutes are 
due to the inclusion of polarity information within the empirically determined sub- 
stituent constants. Unfortunately, such correlations are of rather limited value for 
the understanding of chromatographic phenomena, as the interpretation of one em- 
pirical quantity in terms of other experimentally derived quantities contributes little 
fundamental chemical information. 

Recently, quantum chemical calculations have been used for the quantitative 
description of molecular characteristics of solutes. Correlation analyses of routinely 
calculated CND0/2 quantum chemical parameters and GLC retention indices have 
been reportedg*i 5--l 7. As expected, in the case of structurally similar homologues the 
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correlations obtained are very high 9,16, but significantly lower for a more diverse set 
of solutesls. As with other structural parameters mentioned earlier, the quantum 
chemical data usually change smoothly over a homologous series, thus allowing a 
single parameter, e.g. total energy, to adequately reflect the overall chemical potential 
change within the series. However, when structurally diverse sets of solutes are con- 
sidered, the retention changes can no longer be described by the changes in any single 
molecular descriptor. To relate retention and molecular structure, more than one 
independent structural variable must be considered (assuming constant separation 
conditions and, therefore, that observed retention changes are the result of solute 
structure differences). Such multiparametric regression analyses have been performed 
for a diverse set of phenolic derivatives’ 5, resulting in a two-parameter regression 
equation relating the Kovits indices to both molecular refractivity and the CND0/2 
calculated dipole moment of the solutes. 

In the case of liquid chromatography quite a number of correlations have been 
reported between retention data and substituent or fragmental empirical con- 
stants2~1s,19. No quantitative relationships have been found however, describing ca- 
pacity factors in terms of parameters directly related to the more fundamental abil- 
ities of solutes to participate in polar and dispersive interactions with both phases. 
The purposes of the present study was to investigate the relationships existing be- 
tween quantum mechanically calculated parameters and mobile and stationary phase 
properties. A limited model involving twelve solutes with a range of functional 
groups, and a range of well characterized C is stationary phases using methanol- 
water mobile phases was studied. 

THEORY 

Over range of compositions for a two-component mobile phase, the logarithm 
of the capacity factor, log kfj, for a particular solute i, determined on phase j, depends 
linearly on the mole fraction, X, of one of the solvent components, as described by 
the Soczewinski-Wachtmeister relationshipZo 

log kfj = UijX + bij 

where aij and bij are constants characteristic for a given solute chromatographed on 
a specific stationary phase. In the reversed-phase mode, X usually denotes the mole 
fraction of water in aqueous organic solvent. If the linearity predicted by eqn. 1 is 
actually observed for the series of solutes analysed with a given stationary phase, 
then one may assume that the constants ai and bi are functions of the solute molecular 
structure. 

Assuming linear free-energy relationships, the molecular properties of the sol- 
utes can be expressed as a linear combination of individual structural parameters. 
Using multiparameter regression analysis, it was found that the constants ai and bi 
can be satisfactorily described by a statistical two-parameter equation involving the 
quantum chemically calculated total energy of the solute, ETi, and its polarity param- 
eter, di, proposed by us (see Results). 

Thus, the constants aij and bij determined for a particular iolute, i, at a specific 
stationary phase, j, would be: 
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Uij = “jETi + pj Ai + yi (2) 

bij = OZ; ETi + fl; Ai + y; (3) 

where aj, bj, yj, a;, PI, y; are regression coefficients, derived using the conventional 
least-squares method. Having the aij and bij data for i compounds determined on j 
phases from i x j regression equations in the form of eqn. 1, one can attempt to 
describe them in terms of ETi and di of i-th compound. If eqns. 2 and 3 are statistically 
significant, then eqn. 1 for the j-th phase may be rewritten as follows: 

or 

log k; = UjX + bj (4) 

log kf = (CrjETi + fij Ai + rj) X + (ajET, + fl;Ai + 7;) (51 

The phases under study differ in C is coverage. For a given solute, i, chro- 
matographed with a fixed mobile-phase composition, X, linearity has been found 
between the logarithm of the capacity factor, log kf,,,,j and the C1 s stationary phase 
coverage, Cj, for three of the four phases studied: 

log kf,,,,j = ACj + B (6) 

In such a situation it seems probable that the coefficients aij and bij of eqn. 1 or the 
coefficients aj, flj, yj, a;, &, and y; of eqns. 2 and 3 depend not only on solute structure, 
as described by the individual ET, and Ai descriptors but also on the stationary phase 
properties, expressed by the Cl8 stationary phase coverage, Cj. Thus, the most gen- 
eral relation describing capacity factors in terms of solute structure, mobile phase 
composition and stationary phase surface properties is 

log kfj = (Crj ETi + Bj Ai + YCj + S)X + 

(a; ETi + /?[i Ai + Y’Cj + 6’) 

(7) 

To derive the regression coefficients a, /I, y, 6, a’, /I’, y’ and 6’ the variable matrices 
of (i .J) . 4 dimension are considered: 

a11 % Al Cl 

a21 4 A2 Cl 

a31 % 43 Cl 

ai1 ETA ’ Ai ’ Cl 

a12 4 Al c2 

a22 ET* A2 c2 

a32 ET, 43 c2 
(8) 

ai ETA ‘Ai ‘C2 

Ulj ET1 Ai 

aij ETA ‘Ai ‘Cj 

and analogously for bij coefficients. 
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Stationary phase synthesis 
All bonded stationary phases were prepared using Whatman Partisil 10 sup- 

port material (Whatman, Clifton, NJ, U.S.A., batch number 100591). Appropriate 
quantities of dimethyloctadecylchlorosilane (Petrarch Chemical, Bristol, PA, U.S.A.) 
were refluxed with ca. 5 g of dry silica gel for 12 h in freshly distilled toluene, with 
1 ml of pyridine. Bonded phases were extensively washed with toluene, methanol and 
water. No trimethylmonochlorosilane (TMS) or “capping” agent was added and 
therefore a monofunctional C1s stationary phase was produced. 

The parent silica gel support material was analysed by the BET method for 
surface area and pore volume. BET surface area using nitrogen was 404 mz g-l. 
Nitrogen pore volume was 0.72 cm3 g- l. The average pore diameter, assuming a 
cylindrical model, was 68 A. 

The bonded stationary phases were analyzed using a hydrofluoric acid diges- 
tion followed by gas chromatographic analysis on an SE 30 capillary columnz6. Anal- 
yses were performed in triplicate, and were confirmed using elemental analyses. Sta- 
tionary phases were packed into 250 x 1 mm (“microbore”) glass-lined columns, 
using previously published procedures*‘. 

Instrumentation 
The chromatographic system consisted of a Brownlee MPLC microbore gra- 

dient pump (Brownlee Labs., Santa Clara, CA, U.S.A.), with a nominal 150~~1 
packed mixing chamber, a Rheodyne (Rheodyne, Cotati, CA, U.S.A.) Model 7413 
variable sample loop injection valve set at 0.5 ~1, and a Kratos (Kratos Analytical 
Instruments, Ramsey, NJ, U.S.A.) Model SF 769 UV detector with a 0.5~~1 flow cell 
which was operated at 254 nm. The analog output of the detector was recorded using 
a strip chart recorder (Kipp en Zonen, BD-40 series), and was simultaneously passed 
into an Apple II+ computer, equipped with a 12 bit A/D converter, and with a 
integration/control software package (Dynamic Solutions, Ventura, CA, U.S.A.). 

Chromatography of test solutes 
A selected group of aromatic test solutes containing substituents of various 

polarities were chromatographed using a range of methanol-water mobile phases on 
all stationary phases. HPLC grade methanol (Baker, Phillipsburgh, NJ, U.S.A.) was 
used to prepare the mobile phases. All mobile phases were prepared volumetrically 
using double-distilled, deionized water and were sparged with helium before use. 
Solvent proportioning in all cases was made by the Brownlee MPLC pump. The 
flow-rate throughout the entire study was kept constant at 50.0 ~1 min-‘. 

RESULTS 

Structural analysis 
Molecular parameters of orbitals were calculated with complete neglect of dif- 

ferential overlap, CND0/221~22. Standard bond lengths and angles were assumed. 
The calculations were performed on conformations for which the steric interactions 
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between parts of the molecule were minimized. Among the variety of quantum chem- 
ical indicies, the total energy (ET), dipole moment (p), and polarity parameter (d) 
were found to be meaningful for calculating chromatographic capacity factors by 
correlation analysis. The numerical data are listed in Table II. 

Keeping in mind the observations by Karger et a1.13 and Scott’* that com- 
pounds such as dioxane or 1,6dichlorobutane, have total dipole moments near zero 
(the two dipoles in opposition cancel) but behave as polar solutes, we attempted to 
study a submolecular measure of polarity reflecting the largest molecular local dipole. 
The quantum chemical polarity parameter A, as proposed by us, is the largest dif- 
ference in individual atomic electronic excess charge in a given molecule. To deter- 
mine A, first the electron densities on particular atoms in the molecule are calculated 
and then the atom with the highest electron excess and the atom with the highest 
electron deficiency are located. The difference between the two is calculated as A (see 
Fig. 1 for illustration). 

Analysis of retention data 
Two of the fourteen benzene derivatives chromatographed under varying con- 

ditions were excluded from correlation analyses after preliminary attempts. These 
two were toluene and chlorotoluene, highly hydrophobic non-polar solutes, for which 
the mechanism of chromatographic distribution seemed to be different from that of 

TABLE I 

CHROMATOGRAPHIC RETENTION DATA OBTAINED ON COLUMN OF VARYING C,s COVERAGE 

Other conditions as listed in the Experimental section. 

No. Compound Retention time (min) 

Coverage (mollg) 

1.54 IF 

Water-methanol 

65:35 55:45 45:55 35:65 

3.18 IO-4 

Water-methanol 

65:35 55:45 45:55 35:65 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Phenol 
Acetophenone 
Nitrobenzene 
Methylbenzoate 
p-Cresol 
p-Ethylphenol 
p-Propylphenol 
4-see-Butylphenol 
Aniline 
N-Methylaniline 
4-Chloroacetophenone 
3,CDichloroaceto- 

phenone 

7.0 5.7 4.8 4.2 8.6 6.2 4.8 4.0 
12.7 8.3 6.2 4.9 17.5 10.2 6.7 5.0 
13.4 9.3 6.8 5.3 18.2 11.4 7.5 5.5 
20.9 12.0 7.8 5.6 33.4 16.6 9.3 6.1 
10.6 1.5 5.7 4.6 14.9 9.2 6.2 4.8 
17.5 10.6 7.1 5.3 28.‘3 14.2 8.6 5.6 
34.6 17.5 9.7 6.2 63.4 26.6 13.3 7.4 
57.0 25.4 12.4 7.2 113.3 42.5 18.5 9.1 
_ 6.9 5.7 4.7 8.6 6.5 5.1 4.3 
_ 9.9 7.2 5.4 16.5 10.4 7.2 5.3 
- 14.5 8.9 6.0 44.8 20.7 11.1 6.8 
_ 27.7 14.1 8.1 112.8 44.2 19.9 10.3 

Uracil 3.8 3.7 3.6 3.6 3.4 3.2 3.1 3.0 
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Fig. 1. Excess electronic charge distribution in acetophenone, and calculation of the polarity parameter, 
A. 

the remaining polar compounds. The experimental retention data are shown in Table 
I. 

Each of the compounds under study was chromatographed at four 
methanol-water mobile-phase compositions on four stationary phases with different 
dimethyloctadecylsilane ((2,s) coverage. Thus, a total of 191 experimental retention 

4.96 IV 

Water-melhanol 

65:35 55:45 

13.3 8.9 
30.8 16.3 
32.6 18.9 
65.1 30.3 
_ 14.8 
- 26.8 
_ 56.4 
- 97.0 
_ 9.0 
_ 16.8 
_ 38.6 
- 91.0 

45:55 40:60 35.65 

6.4 5.6 5.0 
9.7 7.8 6.5 

11.4 9.1 7.5 
15.4 11.4 8.9 
9.6 7.2 6.1 

13.6 10.1 8.0 
23.6 15.8 11.5 
35.2 22.3 14.9 

6.6 5.8 5.2 
10.6 8.5 7.2 
18.5 13.2 10.1 
37.0 24.1 16.8 

6.6 IF 

Water-methanol 

55:45 50:50 

10.0 8.1 
18.7 14.4 
23.0 17.3 
40.3 27.2 
17.4 13.1 
33.9 23.3 
76.8 48.1 

139.3 81.6 
9.5 7.8 

20.0 14.9 
51.1 32.9 

130.0 77.4 

45:55 35:65 

6.8 5.3 
11.1 7.3 
13.4 8.4 
19.4 10.5 

10.1 6.8 
16.6 9.4 

31.0 14.3 
49.0 19.9 

7.0 5.5 
12.0 7.9 

23.1 11.9 

49.5 21.3 

3.7 3.5 3.4 3.4 3.4 3.5 3.4 3.5 3.3 
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times were involved in the regression gnalysis. The capacity factors, k’, were calcu- 
lated from the relationship, k’ = (fR - to)/to, where tR is the retention time of the 
solute and to was determined for the unretained tracer uracil under the same con- 
ditions. 

For each of the compounds chromatographed on all four phases a relation of 
the form of eqn. 1 was derived by least-squares, yielding 48 air and 48 bij coefficients. 
In every case, very high correlation coefficients (r > 0.99) between log kfj and mole 
fraction, X, of water in the mobile phase were observed. These data are presented in 
Table II. 

Studies of the relationship between the log k’ for a given solute at a fixed 
mobile-phase composition and the C is coverage of stationary phase show that lin- 
earity is observed between the lowest C rs surface concentration of 1.54 . lop4 and 
4.96 . 10e4 mol/g. There was a marked deviation from linearity at the highest Cl8 
coverage (see Fig. 2 for illustration). The reason for this non-linearity at high cov- 

'X,0& 
log K 

0.B 

0.6.. 

2 3 4 5 6 7 

c,g co”rrog6 (mole/g ) 

Fig. 2. Plot of log k’ versus Cl8 coverage for solutes 2, 3, 5 and 6 (see Table I) with a mobile phase of 
water-methanol (65:35). 

erage is not known; however due to this deviation, this stationary phase was excluded 
from further correlation analysis. 

It was interesting to test the validity of the relation described by eqn. 5 for a 
particular stationary phase. For example, the coefficients aj and bj determined for 
the phase having 3.18 . 10W4 mol/g Cl8 coverage (j = 2) are 

Uj = 0.0534 (* 0.0122)&, + 3.3473 (* 1.5866)41 

- 0.4034 (f 0.9334) (9) 

n = 12, s = 0.2481, r = 0.9616 

bj = -0.0415 (f 0.0068)&, - 2.3986 (& 0.8663)Ai 

- 0.9429 (& 0.5083) (10) 

n = 12. s = 0.1353. r = 0.9805 
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where n is the number of data considered for deriving the regression equations, s is 
the standard deviation from the regression and, r is the multiple correlation coeffi- 
cient. In parentheses are the 95% confidence limits as determined by the Student’s 
t-test. 

The equation obtained by substitution of aj and bj (calculated from eqns. 9 
and 10) into eqn. 4 for the stationary phase having a Crs coverage of 3.18 . 10e4 mol/g 
was then used to calculate log kf for a particular solute at a given mole fraction, X, 
of water in the mobile phase. The calculated capacity factors, log kf,calc., were com- 
pared with the previously determined experimental values. Satisfactory agreement 
was observed, as can be illustrated by the statistical equation: 

log k&s. = 0.9766 log k&. + 0.0058 (11) 

n = 48, s = 0.772, r = 0.9868 

Next, we attempted to derive statistically a general equation relating retention 
to solute structure, mobile-phase composition, and stationary-phase properties. To 
derive coefficients arj and bij of eqn. 1 as expressed in eqn. 7, the variable matrices 
of dimension (12 x 3 x 4) (eqn. 8) were considered. Thus the final equation is 
obtained in the form: 

log kfj = [0.0454( f 0.0071)ET + 2.6493( f0.9187)Ar - 
0.1053( f 0.0672)Cj - 0.4946( f 0.5828)1X + 
[-0.0381(f0.0039)& - 2.1659(f0.4919)4i + (12) 

0.1696( &O.O359)Cj - 1.2963(*0.3120)] 

The statistics are: for coefficient aij, n = 36, s = 0.2756, r = 0.9251 and for coefficient 
bij, n = 36, s = 0.1476, r = 0.9715. When the two hydrophobic solutes, toluene and 
4-chlorotoluene, are included, the statistics deteriorated: For the term aij the corre- 
lation coefficient was 0.9035 and for bij it was 0.9285. 

For the sake of comparison, a similar regression analysis was done replacing 
the polarity parameter, dr, with the CND0/2 calculated dipole moment. The statistics 
obtained were significantly lower: for aij, calculated in terms of ET,, pi, and Cj the 
correlation coefficient is equal to 0.8710, and for bij the corresponding value is 0.9040. 

The correlation between the dipole moment, pi, and the polarity parameter, 
di, for the 12 solutes is not high: r = 0.7689. This means that the two quantities 
provide different structural information. However, their use together in one regres- 
sion equation is unjustified statistically. For the same reason energies of the highest 
occupied and lowest empty molecular orbitals were not included in the regression 
analysis. The intercorrelation between ETi and Ai is only r = 0.4879, this means that 
less than 25% of the structural information may be mutually contained in both 
parameters. 

In deriving eqn. 12 the data obtained on the stationary phase having a Crs 
coverage of 6.6 . low4 mol/g were not included as this phase shows a marked deviation 
from eqn. 6. For all the remaining data a good correlation was found between re- 
tention data observed experimentally and those predicted by eqn. 12: 
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Fig. 3. Correlation of predicted (kf,,J and observed (&J k’ values for the twelve test solutes over all 
mobile and stationary phases examined. Correlation coefficient was 0.9862, n = 144. 

log k;j,obs = 0.9524 log kfj,caic + 0.0142 (13) 

n = 144, r = 0.9862 

The relation is presented graphically in Fig. 3 and the numerical data are collected 
in Table III. 

DISCUSSION 

As is evident from eqn. 13, the general relationship given in eqn. 12, relating 
retention to changes in solute structure, mobile phase composition, and stationary 
phase coverage, yields quantities that are in a good agreement with the experimental 
data. For the reversed-phase system studied, good linearity was observed between 
solute retention on a given phase and the composition of the binary methanol-water 
eluent within the concentrations investigated. Linearity was also found between the 
logarithm of capacity factor, determined for a given mobile phase composition and 
the Cis surface coverage of stationary phase between 1.54. 10e4 and 4.96. 10e4 mol/g. 
Higher Cis coverage lead to an observed deviation from linearity. This could be due 
to the rather narrow pore size of the support material (70 A), and/or to other causes. 

The above mentioned linearities observed in the chromatographic systems 
under study made the derivation of eqn. 12 simpler than it would be in the case of 
non-linear dependencies. The derivation of a general relationship, such as eqn. 12, 
was possible by virture of the ability of a linear combination of the CND0/2 cal- 
culated structural indices to accurately mirror changing solute properties. The best 
descriptors of solute structure were found to be the total energy, ET, and the sub- 
molecular polarity parameter, A. This finding tends to support the common assump- 
tion12’13 that during a chromatographic separation, to a first approximation, two 
types of intermolecular forces are active, i.e. non-specific, non-polar, dispersive forces 
and structurally specific, polar, Coulombic forces. 

Dispersive forces are additive, and their magnitude decreases with the 6th 
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power of distance. This means that if one considers an interaction of a solute molecule 
with a fixed point on a phase and if the dispersive forces between that point and the 
closest atom of the solute are important, then the interactions with any other’atom 
of the solute are negligible. During the chromatographic process, individual solute 
atoms (or groups of atoms) are for approximately equal time exposed to dispersive 
interaction in both phases. Thus, submolecular contributions to dispersive interac- 
tions tend to be additive. As expected, various measures of the molecular ability of 
a solute to undergo dispersive interactions have been successfully applied for corre- 
lations with the retention of homologous series, e.g. the sum of bond refractivities 
and the number of carbon atoms. The CND0/2 calculated total energy, Er, has also 
been applied in the case of homologs for correlation with GLC datagJ6. As for the 
calculation of ET which we have used in our correlation analysis, only the structural 
formula of the solute is required; the parameter seems to be more reliable than the 
parameters obtained by summation of fragmental constants. 

The Coulombic forces in the case of the HPLC systems considered could result 
from the dipole-dipole and dipole-induced dipole interactions. These forces are of 
special importance in the case of correlation analysis of polar solutes and either on 
polar or non-polar stationary phases. Their quantitation is much more difficult than 
that of dispersive forces. This explains the fact that there are few published reports 
concerning QSRR of non-homologous sets of solutes. The success of correlation 
analysis of GLC data of homologs is due to the fact that their Coulombic interactions 
with the stationary phase are closely similar and may usually be assumed to be con- 
stant for a given series. It is a well known observation that the line describing the 
relation between retention and dispersive properties of one homologous series is shift- 
ed parallel to the analogous line obtained under the same conditions for another 
homologous series14J3,24. The shift is assumed to be the result of differences in the 
ability of a solute to participate in Coulombic interactions. As a measure of the 
polarity of a solute, the total dipole moment has thus far been considered. Karger 
et ~1.‘~ determined a relationship between the total dipole moment of a solute, and 
a GLC retention parameter normalized to the same dispersive properties of the sol- 
utes. The authors found a linear dependence for the data considered, but the total 
dipole moment of the solute determined in solutions differed from the chromato- 
graphic “effective” dipole moment. Similar conclusions may be drawn from other 
reports12,15. 

The total dipole moment determines the net properties of the solute as a whole. 
Actually, a solute in specific contact with a stationary phase has at least one of its 
fragments close to the interacting surface, whereas the other submolecular fragments 
are farther away from it. For example, 1,Cdioxane has a total dipole moment near 
zero, but its local dipoles makes the solute behave chromatographically like a polar 
substance. Thus, the polar interactions of a solute would logically be better described 
by local, rather than total molecular dipoles. 

The magnitude of Coulombic forces decreases with the 2nd power of the dis- 
tance. Thus, not only the dipole formed by the two atoms closest to the interacting 
surface will count, but also the other, more distant dipoles. It may be extremely 
difficult, if even possible, to quantify precisely such submolecular increments to the 
overall polar interactions. In such situations, we have assumed, to a first approxi- 
mation, that the largest submolecular local dipole will predominate, fully recognizing 
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the failure of such a simple model to account for the numerous subtleties of confor- 
mation and neighboring electronic contributions. 

Other sources of error may be deviations from linearity described by eqns. 1 
and 6. The independent variable in equations of the type given by eqn. 1 is the mole 
fraction, X, of water in the binary solvent. Probably the substitution of simple mole 
fraction X by a precise function of physicochemical properties of the mobile phase 
(if found) would reduce the error. 

One must also realize that the definition of the capacity factor, k’, involves 
some error since the marker substance, uracil, may be either partially retained or 
excluded from the column25. The quantum-chemical calculations are also approxi- 
mate to some extent, especially as the standard molecular geometry assumed may 
differ from the actual one. Due to the high correlation between total energy and the 
energies of lowest empty and highest occupied molecular orbitals it was statistically 
unjustified to consider these indices together in a correlation analysis. However, there 
is a change, that charge-transfer complexes between a solute and mobile phase may 
be playing some role in retention. 

Keeping in mind all these approximations and limitations the derived relation- 
ship describing the HPLC retention in terms of solute structure and properties of 
both stationary and mobile phases is encouraging. The predicting power of eqn. 12 
is probably not sufficient to discriminate precisely between structurally similar sol- 
utes. On the other hand, it supplies information relevant to a general theory of HPLC 
separations. 
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