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SUMMARY 

It has been found possible to correlate chromatographic retention parameters 
directly with molecular electronic structure by means of a linear relationship. The 
empirical parameters used are total energy and localized charge. calculated by the 
method of Del Re. They are deduced directly from the molecular structure and they 
permit the retention index to be calculated theoretically with an acceptable error. 

INTRODUCTION 

Many attempts have been made to establish a relationship between moleculur 
structure and chromatographic retention parameters. Some of the results appear to 
be very hopeful. especialljl the system of characteritation of stationary phases clevel- 
oped by McReynolds’ and Rohrschneiderz, the techniques based on factor analysis”. 
and particularly the work of Takacs and co-workers J--4 for the assignment of structural 
parameters of the solutes. 

In general, the above methods involve the expression of retention as the sum 
of structural contributions, or as a function of different physical properties, by means 
of a multilinear correlation technique (boiling point. rl H,,. parachor, dipole moment, 
refractive index, etc.“-‘ii ). All the methods described in the literature are a useful 
contribution to the n priori determination of chromatographic retention parameters, 
However, in spite of the utility of the results obtained. a general method for possible 
application to different stationary phases and to compounds of different structures is 
not yet available. 

The optimum solution would be the development of a method that fulfils the 
following requirements: (a) applicability to any type of molecular structure; (b) ca- 
pable of being used as a basis for a physical explanation of retention phenomena: 



338 M. GASSIOT, E. FERNANDEZ, G. FIRPO, R. CARB6, M. MARTIN 

(c) satisfactory accuracy; and (d) starting data determined by direct evaluation. 
Therefore, the parameters used in the determination of the retention index must be 
calculated independent of the experimental chromatographic determination, i.e., 
from the actual molecular structure. 

EXPERIMENTAL 

In the proposed method, the starting point is that a molecule will be cluted 
more or less quickly according to (n) its volatility, which can be related to its molecular 
volume or size, and (b) the interaction forces upon the molecule during the elution 
process, i.e.. interactions with the stationary phase or support (Van der Waals, 
Keeson, Debye, London, electrostatic, hydrogen bond, dipole moment, etc.), which, 
in a first-order approach. will depend on the distribution of electronic charge in the 
molecule. For this reason, in the present work the possibility of applying one of 
the methods developed in quantum chemistry, allowing the calculation of this charge 
distribution, as well as some parameters that are directly related to the steric effect 
of the substituents. is considered. 

The method used in this work was proposed by De1 Rer2-*” and CarbUs and 
is an extension to non-conjugate systems of the LCAO-MO method in the HiickelrG 
approach; it has been widely applied in other areas such as pharmacology and drug 
design17-Z2. In this system, for a given stationary phase at a fixed temperature the 
retention index can be expressed as 

RI = E*n -I- ZQ, * c, -t- b (1) 

where Q. b and c1 are coefhcients that can be calculated by multilinear correlation, E 
is a dimensionless parameter that is a function of the molecular volume, and the total 
electronic energy (E) selected in this work is obtained by De1 Re’s method, and Q, 
is the effective charge located on the ith atom of the molecule. 

The summation in eqn. I refers to the set of charges {Q1} that presents the 
most appreciable a priori variations. due to some structural change in the molecular set. 

RESULTS AND DISC&ION 

The charge distributions in 59 compounds derived from cholestanol acetate 
were calculated by means of an IBM 1130 computer. Bibliographic retention data 
were taken for the family of sterol acetates from a paper by Pattersonz3, ‘who gave 
retention times relative to cholesterol acetate for 92 sterol acetates in four different 
stationary phases. The retention indices were deduced for each molecule and in each 
of the stationary phases, removing the isomers with identical properties. 

Fig. I summarizes all the functional groups for the 59 structures studied. The 
carbon atoms whose effective charge will give greater differences in molecular structure 
for the whole group considered may be easily observed. 

In accordance with the above considerations, we have selected the carbon 
atoms indicated by spots in Fig. 2 (positions 4, 5, 6, 7, 8, 9, 14, 15, 22, 24, 25 and 26). 
as being highly significant centres related to the variations in the retention index. 

In Fig. 3 are given the Q, and E values, obtained for e:tch sterol acetate, that 
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Fig. 1. Summary of all functional groups for the 59 structures studied. 

Fig. 2. The carbon atoms which are the significant centres in relation with variations in the rctcntiorl 
index. 
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Fig. 3. Computer outprint giving Q, and E values for cnch stcrol acetate. 
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Fig. 4. Computer outprint giving RI and CI VU~LICS and rclativc errors with diffcrcnt stationary phases 
and column temperatures for each stcrol acetate. 
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Fig. 5, Conlputcr outprint giving RT and CT values and relative errors for each sterol acetate. 
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were used to calculate the coefficients in eqn. 1 by means of a multilinear correlation 
teclinique2J-26, an d these coefficients are given in Fig. 4. By means of eqn. 1, values 
of the retention inclex (CI) were calculated and compared with the literature data (RI) 
(see Fig. 4). A correlation coefficient of the greatest significance was obtained in all 
instances (>99.99 %). and the errors were acceptable from the chromatographic point 
of view (cu. 3’;/,) for most of the compounds. 

Structure (1) -* Dcl Re mcthod’L-‘5 --b cJ* {Q~)J 
For a chemical family + {RIJ: E,;, {Q, }J} -• Multilincar corrclation2J-26 -* (1, b, cl 
For another structure. X, belonging to this chemical family 

RIx = a& -I- 2 Qra cl -I- h 
I=1 

Fig. G. Schcmc of calculation method. 

Some molecules were eliminated from the first correlation (marked with 
asterisks in Fig. 4) as they gave a greater error than the mean residual deviation of 
the distribution. The coefficients in Fig. 4 were obtained from a second correlation, 
in which these molecules .were excluded, but their values have been included in the 
figure after re-calculation. No relationship between the structures of thcsc compounds 
and their anomalous behaviour was found. Fig. 4 gives the values of the coeflicients 
for each phase, as well as their significance. 

The changes in the significance, and also the value of the coefiicients for each 
stationary phase, may be the starting point for suggesting a model of an electrostatic 
type in order to describe the interactions of the molecules with the stationary phase. 

Fig. 4 also gives the absolute mean error, relative mean error and mean error 
with respect to the range. for each distribution, as well as the regression coefficients 
obtained. the total percentage variance (P), the values of 1. F and its significance. and 
the value of the Exner function. 

This system has been applied. with analogous results (see Fig. 5), to the 
prediction of TRR, dZ, SN, ATRR and changes in the coeficients, but not their 
significance. In the case of TRR, for SE-30 a mean absolute error of 0.03 unit was ob- 
tained. 

ABBREVIATIONS 

CI 
CT 
dl 

E 
EM 

ER 
F 
LCAO-MO 
Qf 
R 

Retention index calculated from eqn. 1. 
Calculated retention time relative to cholesterol acetate, from eqn. I. 
Difference between index values ol’ two compounds on the same 
column. 
Total molecular energy. 
Percentage relative error of calculated retention index related to 
Patterson’s experimental index range. 
Relative error (‘;/,). _ -; 

Fisher’s function, 
Linear combination of atomic orbitnls-molecular orbitals. 
Localized charge on the ith atom. 
Regression coefficient. 
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RI Retention index according to Patterso@. 
RT Retention time relative tocholesterol acetate according to Patterso@. 
SN Steroid number. 
t Student’s function. 
TRR Relative retention time, isothermal. 
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