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SUMMARY 

The predictive abilities of some parameters describing the effect of the structure 
of metal chelates on their chromatographic properties in reversed-phase thin-layer 
chromatography are compared. The applicability of corresponding one-dimensional 
equations for an a priori estimation of retention parameters, for optimization of the 
chelating reagent and for studying the mechanism of the interphase distribution of 
metal chelates is demonstrated. The dependences of the capacity factors on molecular 
structure parameters (distribution constant, stability constant, molecular connectivity 
index) are shown to possess the highest correlation factors. The necessity for the 
development of a multi-parametric model for describing the dependence of the 
chromatographic properties of chelates on their structure and the chromatographic 
experimental conditions is substantiated. 

INTRODUCTION 

Metal chelates represent an important analytical form of metals in high-perfor- 
mance liquid chromatography l. The problems of forecasting the chromatographic 
behaviour of chelates at the quantitative level and the choice of the optimum chelating 
reagents for the selective separation of metals are of considerable interest. The 
solutions to these problems can be based on correlation equations relating the 
retention parameters with structural characteristics of metal chelates and applicable to 
other types of compounds. This paper assesses the applicability of one-dimensional 
dependences of such a type for the description of the chromatographic properties of 
metal chelates in reversed-phase thin-layer chromatography (TLC). 

. 

EXPERIMENTAL 

Chelates 
Metal dialkyldithiophosphates were prepared by extraction of metals with 

chloroform solutions of potassium dialkyldithiophosphates or by metal-exchange 
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extraction from nickel or zinc dialkyldithiophosphate and aqueous solutions of metal 
salts’. Metal diethyldithiocarbamates and di-n-propyldithiophosphinates were syn- 
thesized by mixing aqueous solutions of metal salts with sodium diethyldithio- 
carbamate and ammonium dipropyldithiophosphinate, respectively. 

Chromatographic conditions 
The retention parameters were determined by TLC using precoated high-perfor- 

mance TLC plates with octylsilanized silica gel F254 obtained from E. Merck 
(Darmstadt, F.R.G.). For higher reproducibility of RF values the experiments were 
carried out at constant temperature (25 i 0.25”C) with presaturation of the sorbent 
layer by mobile phase vapour. 

Structural parameters 
The chelate distribution constants (Kn) were calculated based on two-phase 

stability constants3 and stability constants in water medium (j$,). The /$, values, needed 
for calculation and correlation, were obtained from the linear dependence of log /3n in 
aqueous-organic solutions4 on the reciprocal of the dielectric constant5. To take into 
account the influence of the medium, the formalism of non-specific solvation 
parameters, IS*, was used6. The IS* values for water-organic mixtures were 
calculated from the tabulated values for individual solvents’. 

The first-order connectivity indices (1) for metal chelates were calculated 
according to Bondi’. The values of 6 (a formal parameter which takes into account the 
size of atom) for sulphur and phosphorus atoms, necessary for calculations, were taken 
from the same paper*. There is no information on any method for estimating 6 for 
metal atoms. Therefore, these parameters were calculated by applying the same logical 
approach, taking account of the variation of configuration of the outer electron shell 
of atoms during the formation of bonds with ligand donor atoms, by the following 
equation: 

6(M) = 
ZV-h 

2+2,-Z’(M)- 1 

where Z is the atomic number of the metal atom, Z” is the total number of electrons 
participating in the formation of metallligand bonds, Z’(M) is the number of 
electrons belonging to the metal atom itself, 2, is the number of vacant d-orbitals of the 
metal atom and h is the number of bonded hydrogen atoms (h = 0 for metals). 
Calculated 6(M) and x(M) values are presented in Table I. 

The molar volumes (V,) were calculated from functional group increments and 
Van der Waals radii of atoms’. 

The induction (G*) and steric (Es) constants were calulated from fragmental 
data” according to the additivity principle or reference values were used’ ‘. The 
hydrophobic constants (rc) and fragmental hydrophobic constants (f) were taken from 
refs. 12 and 13. 

The effective charges on metal atoms were estimated from the electronegativity 
of metal (phi) and donor atoms by using the principle of equalization of electro- 
negativities . l4 The orbital electronegativity values (Klopman parameters, E,,) were 
taken from the literaturer5. The ratios of pM to metal ion radius were calculated from 
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TABLE I 

6 AND x VALUES FOR METAL ATOMS 

Metnl 6 x 

Cd 0.178 10.05 

CU 0.320 7.49 
Hg 0.104 13.15 

Metal 6 x 

Mn 0.320 7.49 

Ni 0.320 7.49 
Pb 0.107 12.96 

Metal 6 II 

Pd 0.186 9.83 

Pt 0.105 13.08 
Zn 0.296 7.79 

reference data14. The metal increments (d,) were calculated as the difference between 
the KD values of the chelates and the chelating reagent. 

RESULTS AND DISCUSSION 

Our objective is to compare the heuristic properties of as large a number of 
structural parameters as possible. In principle, to describe the effect of ligand structure 
one can use all the parameters which are applicable for organic compounds: the 
Hansch’ 2 and Rekker13 constants, the number of carbon atomslO, the molecular 
connectivity indices’, etc. A more complicated situation arises when the influence of 
the nature of the metal and the structure of the chelate molecule as a whole have to be 
taken into account. For this purpose a knowledge of some special aspects of 
coordination chemistry is necessary. 

Distribution constants 
The application of KD values for the determination of the chromatographic 

properties of metal chelates (and of other compounds) is based on the idea that the 
intermolecular interactions in chromatographic systems and in systems of two 
immiscible liquid phases are similar’ 7. The water-n-octanol system is usually 
considered as the optimum liquid-liquid system simulating the distribution of 
substances between a water-organic mobile phase and an alkyl-modified sorbent18. 
The method we applied for the calculation of distribution constants in various media 
allows the manipulation of the KD values of chelates in an octanol-water-organic 
system of the same composition as the mobile phase. This approach makes the 
appropriate calculation of retention parameters more realistic. 

Fig. 1 shows the dependences of log k’ values of metal chelates on the 
liquid-liquid distribution constants (r = 0.85-0.90). These dependences satisfy the 
linearity hypothesis (according to the F-criterion at CI = 0.05) although, in general, the 
correlation between chromatographic and extraction parameters was worse than 
expected. The reasons may be as follows: (i) the absence of reliable distribution 
constant data; (ii) the limited nature of the approach to their evaluation based on the 
principle of a linear free energy relation by using IS* value@; (iii) the convention that 
the alkyl-modified sorbent surface is simulated by the voluminous octanol phase 
(according to our calculations the adsorption of metal chelates takes place without 
their penetration into the volume of the surface layer). 

Nevertheless, the distribution constants can serve well for the determination of 
retention parameters, especially if one takes into account, in addition, a factor such as 
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Fig. 1. Dependences of the retention parameters of (a) metal diethyldithiophosphates and (b) diethyldithio- 
carbamates on distribution constants. (a) Dioxane-water (80:20); (b) acetonitrile-water (80:20). 

the differences between the donor-acceptor properties of an organic mobile phase 
modifier and the water phase of the extraction system by introducing some correction 
factorslg. 

Stability constants 

According to modern ideas’, the character of chelate retention on non-polar 
sorbents from polar eluents is determined to a great extent by the specific 
intermolecular interactions of ligand donor (and other electronegative) atoms with 
electron-acceptor groups and atoms of the mobile phase components. On the other 
hand, in sulphur-containing chelates the metal-ligand bonds have essentially covalent 
character. As a result, owing to easy polarizability of soft ligands, the electron density 
is shifted into the interatomic region. The.more stable the chelate, the stronger is the 
electron density shift to the central atom and, hence, the lower is the effective charge on 
donor atoms and the energy of corresponding specific interactions. In other words, 
more stable complexes should be less mobile than less stable complexes. The 
correlation between capacity factors and stability constants is just of this nature 
(Fig. 2; r = 0.97-0.99, s = 0.04-0.05). 

One should note that stability constant data for many metal chelates are scarce 
owing to the complexity of their experimental determination. Therefore, the solution 
of the reverse problem, i.e., evaluation of stability constants from chromatographic 
data, is worthwhile. 

Molecular connectivity indices 
The concept of quantitative structure-activity interrelation, based on an 

incremental approach and widely used in modern chemistry, allows, in principle, 
chromatographic properties to be estimated on the basis of the molecular topology”. 
The method, which uses molecular connectivity indices as the structural index*, 
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0.6 

Fig. 2. Log k’ values of (a) metal dibutyldithiophosphates and (b) diethyldithiocarbamates vs. stability 
constants. Mobile phases as in Fig. 1. 

occupies an important position among the formal methods of describing molecular 
structure. 

Tables II and III show the general type of capacity factor dependences for metal 
dialkyldithiophosphates with a molecular size expressed via connectivity indices of the 
metal and ligand {the increase in correlation factor from ethyl to octyl derivatives, in 
accordance with the decreasing contribution of the 6 value of the metal atom to the 
overall x value, is obvious). A similar analysis of the retention data of copper 
dialkyldithiocarbamates21 also shows their good correlation with x (log k’ = 
0.224 x - 3.470; I = 0.993). In general, the closest interrelation with the retention 
parameters of metal chelates is observed for the molecular connectivity indices. 
However, the superiority of x values over all other parameters studied is not only due 
to the higher correlation factors. Unlike the other parameters, the topological indices 
allow the contributions to the total retention and the influence of both the metal atom 
and ligand to be evaluated individually. According to the data in Tables II and III, the 
influence of the nature of the metal is most prominently expressed for hexyl and octyl 
derivatives and the influence of the ligand for mercury chelates. 

TABLE II 

DEPENDENCE BETWEEN RETENTION PARAMETERS AND MOLECULAR CONNECTIVITY 

INDICES FOR METAL DIALKYLDITHIOPHOSPHATES 

Mobile phase: dioxane-water (9O:lO). DEDTP = Diethyldithiophosphate; DBDTP = di-n-butyldithio- 
phosphate; DHDTP = di-n-hexyldithiophosphate; DODTP = di-n-octyldithiophosphate. 

Ligand Correlation equation Correlation factor 

DEDTP log k’ = 0.064 x - 1.680 0.939 
DBDTP log k’ = 0.098 x - 2.166 0.941 

DHDTP log k’ = 0.140 1 - 3.467 0.946 

DODTP log k’ = 0.142 x - 3.702 0.965 
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TABLE III 

INTERRELATION BETWEEN LOG k’ AND MOLECULAR CONNECTIVITY INDICES FOR 

METAL DIALKYLDITHIOPHOSPHATES 

Mobile phase: dioxane-water (90: 10). 

Metal Correlation equation Correlation factor 

Hg log k’ = 0.162 x - 4.206 0.951 
Ni log k’ = 0.107 x - 2.760 0.933 
Pb log k’ = 0.111 x - 3.980 0.924 

Molar volume 
One of the most straightforward approaches for establishing the interrelation 

between retention and sorbate structure is the correlation of log k’ and molar 
volumez2. The I’, value is directly related to the thermodynamic characteristics of the 
intermolecular interactions of a metal chelate in the mobile phase and to the area of 
molecular contact with the stationary phase. However, the limiting nature of this 
parameter is revealed by the fact that the estimated increase in molar volume due to 
branching of alkyl substituents was not confirmed experimentally by corresponding 
retention changes. This is related to the supposition that chelate adsorption on 
modified sorbents occurs at the mobile phase-modified layer interface. 

Nevertheless, for metal di-n-alkyldithiophosphates and di-n-alkyldithiocarba- 
mates, the log k’ VS. V, dependence is met fairly well (r = 0.90-0.99). An insufficiently 
good correlation for a series of metal chelates of the same ligand and different metals is 
obviously due to inaccuracy in the evaluation of the metal incrementg. 

Carbon number 
Another topological parameter used for the quantitative evaluation of ligand 

structure is the number of carbon atoms in alkyl substituents (nc)_ Table IV 
summarizes the characteristics of log k’ VS. rzc correlation relationships. High values of 

TABLE IV 

CORRELATION BETWEEN CAPACITY FACTORS AND LIGAND PARAMETERS FOR METAL 
DIALKYLDTTHIOPHOSPHATES 

Mobile phase: dioxane-water (90: 10) 

Parameter Parameters qf correlation equntion /og k’ = ax + h 

Hg Ni Ph 

n h Y a h r a h r 

nc 0.33 -1.14 0.957 0.21 - 1.43 0.927 0.23 - 1.53 0.929 
o* -3.05 -3.39 0.310 -5.57 -5.57 0.816 - 5.72 - 7.09 0.794 

.p 0.16 1.99 - - 1.24 1.25 0.895 0.957 2.63 0.10 - ~ 1.34 1.50 0.899 0.928 0.11 2.73 - - 1.42 1.60 0.905 0.928 
n 0.66 - 1.15 0.956 0.43 - 1.44 0.936 0.45 -1.54 0.931 
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the correlation factors indicate a good predictive ability of retention models based on 
the topological principle of describing the chelate molecule structure. 

The physical meaning of the correlation between retention parameters and alkyl 
substituent chain length consists in increasing the solvophobic effect in the mobile 
phase and the total energy of hydrophbbic interactions with the stationary phase, 
leading to an increase in retention. The selectivity of the separation of metal 
dithiophosphates increases monotonously from methyl to octyl derivatives. 

Induction constants 
The induction effect of substituents must directly influence the electron density 

of donor atoms and, hence, their capability to participate in the specific interactions in 
the mobile phase. A linear correlation of log k’ values with C* is observed for 
small-sized substituents only, however, because, as the alkyl chain length grows, (i) the 
induction effect rapidly attenuates and (ii) the contribution of hydrophobic adsorption 
becomes significant. Therefore, the application of this parameter for an a priori 
evaluation of the retention of metal chelates with alkyl substituents is limited by the 
comparatively small number of carbon atoms in a ligand. 

Steric constants 
This parameter is of interest mainly due to the influence of steric effects on the 

energy of specific interactions in the mobile phase. Of importance also is the decrease in 
contact area between a chelate molecule and the alkyl-modified layer and the 
probability of entry of a molecule into the sorbent surface layer when the branching of 
substituents increases (for steric reasons). For example, according to published data2 ‘, 
copper dialkyldithiocarbamates with branched substituents have slightly higher 
mobilities than their linear analogues. 

The data in Table IV demonstrate a good interrelation between the retention 
parameters of metal dialkyldithiophosphates and Es values. However, as the number 
of carbon atoms increases, the effect of this parameter levels off (Fig. 3). This is 
explained by two factors, in our opinion. First, the contribution of substituent 
hydrophobic interactions with the stationary phase to retention becomes prevalent 
and for non-linear substituents with larger Es values k’ does not increase, but remains 
almost unchanged (curve 1). Second, the steric effect itself ceases to change beginning 
from n-butyl derivatives, and the chelate retention continues to increase (curve 2). 

Hydrophobic and frugmentary hydrophobic constants 

Like the distribution constants considered above, both of these parameters 
describe the hydrophobic nature of a molecule. The difference lies in the fact that the 
Hansch (z) and Rekker cf) constants allow the hydrophobic nature of structural 
fragments to be estimated individually. There is no difference in the physical meaning 
of these parameters, The 7~ andfvalues are obtained in the same manner, namely by 
correlation with the experimental values of log KD with the subsequent isolation of the 
contribution of some particular structural fragment to the integral value of the 
hydrophobic parameter13. By using the Rekker constants one can, however, more 
accurately evaluate the hydrophobicity (the Hansch method does not differentiate the 
contributions of methyl and methylene groups). 

Hence, one can reasonably expect the correlation between log k’ andfor 71 values 
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Fig. 3. Dependence of the capacity factors of mercury dialkyldithiophosphates on the steric effect of the 

alkyl substituents. Dioxane-water (80~20). For curves 1 and 2, see text. 

to be not worse, in any case, than that between log k’ and log K,,. This is seen from the 
data in Table IV. Note that there is a large body of,fand x data for functional groups in 
the literature. 

Effective charge of metal atom 
It is generally accepted that the greater the effective charge on a metal atom, the 

higher is the effective charge on donor atoms and the higher is the ability of the chelate 
to undergo specific intermolecular interactions in the chromatographic systeml. 
However, the values of the correlation factors obtained for dependences between k 
and pM have shown that the latter parameter (while possessing good heuristic functions 
in normal-phase chromatographyZ3) has only limited application for predicting the 
chrornatographic properties of metal chelates in reversed-phase TLC. This may be 
related to the fact that the relative contribution of specific interactions, especially for 
the chelates of the &S-type, is less significant in this variant of liquid adsorption 
chromatography. 

Ratio qf electronegativity to metal ion radius 
This parameter characterizes the degree of electron density transfer from donor 

atoms of the ligand to the metal atom, i.e., the energy of their specific interactions in 
the mobile phase. However, this parameter also showed low applicability to the 
chelates studied (I < 0.6), although it can be applied to metal chelates with more polar 
donor atoms (e.g., porphyrinatesz4). 

Orbital electronegativity of metal atom 
The orbital electronegativity values (or the softness parameters) are well 

correlated with the extraction, distribution and stability constants of metal chelates 
formed by sulphur-containing reagents and soft (by Pearsonz6) metals. Hence, it is also 
logical to use E, for calculating the retention parameters for a given type of chelate. 
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The respective correlation dependences for metal diethyldithiocarbamates and 
diethyldithiophosphates, described by the equation 

log k’ = -aE, + b 

are shown in Fig. 4. 
The analysis of these dependences showed that the greatest influence of the 

nature of the metal on the chromatographic properties of dialkyldithiophosphates (in 
terms of a values) is observed for hexyl and octyl derivatives. Hence, one can 
recommend dihexyl- and dioctyldithiophosphoric acids for practical purposes. 

The high values of the correlation factors and the accessibility of E, values make 
it possible to calculate the chelate retention parameters based on the preliminary 
experimental determination of these values for three or four complexes. 

Metal increment in distribution constant 
The distribution constant, having an additive character, can be presented as 

a sum of contributions of the groups and atoms in a molecule of a given compound. 
With chelates, the metal contribution (increment), AM, can be calculated to a first 
approximation as 

AM = log Is$fLn - n log @j” 

where ELn and GL are distribution constants of the metal chelate and chelating 
reagent, respectively. It follows from this equation that, together with the existence of 
a linear dependence between log k’ and log gLn, the dependence 

log k’ = ad, + b 

must be met. Indeed, the correlation between log k’ and AM for chelates presented in 

f3 

-0.2 
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c 
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Erl -4 -2 0 

Fig. 4. Log k’ vs. E,, relationships for (a) metal diethyldithiophosphates and (b) diethyldithiocarbamates. 
Mobile phases as in Fig. 1. 
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Fig. 5. Plots of log k’ and metal increment for (a) diethyldithiophosphates and (b) diethyldithiocarbamates. 
Mobile phases as in Fig. 1. 

Fig. 5 is confirmed. It is important to note that the metal increments can be found by 
calculations based on known characteristics of metal chelates (effective metal charge, 
effective polarizability of metal and donor atoms)‘. 

Comparison of various parameters 
The parameters considered can be subdivided into three groups: (i) parameters 

characterizing the chelate molecule as a whole (Kb, fin, x, V,,,); (ii) parameters related to 
the ligand structure (n,-, G*, Es, E, f); and (iii) parameters describing the metal atom 

properties (PM, XM/~, E,, AM). 
As one would expect, the chromatographic behaviour of metal chelates in 

reversed-phase TLC is best described by parameters in the first group. An advantage of 
molecular parameters is that they allow both relative and absolute retentions to be 
estimated and the influence of both the nature of the metal and the ligand structure to 
be characterized. However, the most useful parameters, in our opinion, are molecular 
connectivity indices, for which the highest correlation coefficients with the retention 
parameters were obtained. The predictive ability of x values was additionally 
confirmed with another class of chelates, metal dialkyldithiophosphinates. The 
comparison of experimental and calculated capacity factors showed a satisfactory 
reliability of such a prediction (Fig. 6; P = 0.91, s = 0.04). 

It should be noted that x parameters can be obtained by computational methods 
irrespective of the molecule complexity. The empirical calculations of distribution and 
stability constants are still a non-trivial_pocedure. 

The range of problems solved by using fragmental parameters (groups ii and iii) 
is narrower, however. These parameters allow the prediction of the elution sequence 
for a single type of chelate of the same metal or for chelates of the same class only. 
Nevertheless, these parameters help in solving some practically important problems 
such as the optimization of the chelating reagent. 

The applicability of induction and steric constants for metal chelates with alkyl 
substituents is limited, as in normal-phase chromatography23, by compounds having 
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Fig. 6. Prediction of the retention of metal dipropyldithiophosphinates based on the log k’ = a~ + b model. 
Dioxane-water (9O:lO). 

a small number of carbon atoms. These parameters, however, can hopefully be used 
not only independently, but also simultaneously, if one applies two-dimensional 
models of the type 

log k’ = a + h* + cEs 

Note also that c* and Es values are sensitive to isomerism of the alkyl chain. 
In contrast, n,-, f and z are not sensitive to branching of the molecular structure, 

but describe well the chromatographic properties of chelates with linear substituents 
with any number of carbon atoms. Hence, the ligand parameters supplement each 
other well. The correlation between retention and ligand structure parameters allows 
the conclusion that the retention of metal chelates is determined to a great extent by the 
size and hydrophobic nature of a molecule, which is in good agreement with the 
solvophobic theoryz5. 

The correlation dependences for metal parameters have the lowest correlation 
factors. This is due to the fact that, together with the specific interactions with polar 
components of the mobile phase, the retention of the metal chelates studied is also 
influenced by hydrophobic interactions. The latter are not related directly with the 
electron-acceptor properties of metal atoms. 

A more detailed analysis of structural parameters and separation of the most 
meaningful ones should allow the retention mechanism for metal chelates in 
reversed-phase TLC to be studied more thoroughly. 

CONCLUSION 

We have shown the possibility of using one-dimensional relationships for the 
apriuriestimation of chelate retention. However, despite the good predictive ability in 
most instances, dependences of such a type cannot be considered to be universal. This 
is due to the limited nature of the approach itself, which takes advantage of only one of 
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the possible parameters. No one parameter considered takes into account completely 
enough all chelate structure effects. A complete quantitative mddel of the reversed- 
phase TLC of metal chelates must be based on a multi-dimensional approach to the 
dependence of chromatographic properties on structure and on chromatographic 
experimental conditions. The development of such a model is our next task. 

REFERENCES 

I A. R. Timerbaev and 0. M. Petrukhin, Zhidkostnaya Adsorbtsionnaya Khromatographiya Khelatov, 
Nauka, Moscow, 1989. 

2 A. R. Timerbaev and 0. M. Petrukhin, Araai. Chim. Arta. 159 (1984) 229. 

3 I. E. Panfilova, Ph.D. Thesis, Kazan State University, Kazan, 1987. 
4 A. E. Martell (Editor), Stability Constants of Metal-Ion Complexes, Part II, Organic Including 

Macromolecule Ligands. Chemical Society, London, 1970. 
5 Ya. Yu. Akhadov, Dielektricheskie Svoxstva Binarnikh Rastvorov, Nauka. Moscow, 1977. 
6 K. A. Rybakov, Ph.D. Thesis, Mendeleev Moscow Institute of Chemical Technology, MOSCOW, 1984. 
7 V. V. Salov, Ph.D. Thesis, Vernadsky Institute of Geochemistry and Analytical Chemistry, Moscow, 

1986. 
8 L. B. Kier and L. H. Hall, Molecular Connectivity in Structure-Activity Analysis, Wiley, New York, 

19X6. 
9 A. Bondi, J. Phys. Chem., 68 (1964) 441. 

10 J. A. MacPhee, A. Panaye and J. E. Dubois. Tefrahedron, 34 (1978) 3553. 
11 Z. I. Nikolotova and N. A. Kartashova. Spravachnik po Ekstrakt.G, Atomizdat, MOSCOW, 1976. 
12 C. Hansch and A. J. Leo, Substituent Constantsfor Correlation Analysis in Chemistry andBiology, Wiley, 

New York, Chichester, Brisbane, Toronto, 1979. 

13 R. F. Rekker, The Hydrophobic Fragmental Constant, Its Derivation and Application -A Means qf 
Characterizing Membrane &stems. Elsevier. Amsterdam. Oxford. New York, 1977. 

14 S. S. Batsanov, Elektrootritsatelnost Elementov: Khimicheskaya Svyaz, Academy of Sciences of the 
U.S.S.R.. Novosibirsk, 1962. 

I5 0. M. Petrukhin and N. A. Borsch, Koord. Khim., 8 (1982) 22. 

16 N. J. Mockel, G. Welter and H. Melzer, J. Chromatogr., 388 (1987) 255. 
17 A. R. Timerbaev, I. G. Tsoi and 0. M. Petrukhin, Zh. Anal. Khim., 44 (1989) 1847. 

18 T. Braunmann, J. Chromatogr., 373 (1986) 191. 
19 K. Jinno and K. Kawasaki, J. Chromatogr., 316 (1984) L. 

20 E. Tomlinson, J. Chromatogr., 113 (1975) 1. 
21 W. Schunck and G. Schwedt, Chromatographia, 1 (1983) 37. 
22 K. Jinno and K. Kawasaki, Chromatographia, 17 (1983) 445. 

23 A. R. Timerbaev, V. V. Salov and 0. M. Petrukhin, Zh. Anal. Khim., 40 (1985) 237. 

24 M. Kobayashi, K. Saitoh and N. Suzuki, Chromatographia. 20 (1985) 49. 

25 Cs. HorvBth, W. Melander and I. MolnBr, J. Chromatogr., 125 (1976) 129. 
26 R. G. Pearson, J. Am. Chem. Sot., 85 (1963) 3533. 


