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QUANTITATIVE STRUCTURE-RETENTION RELATIONSHIPS IN CATION­
EXCHANGE CHROMATOGRAPHY

FUMIKO MURAKAMI

Department 0/ Chemistry, Faculty 0/ Scien ce, Kyoto University, Kyoto, 606 (Japan)

(First received March 24th, 1980; revised manuscript received June 5th, 1980)

SUMMARY

A study of quantitative structure-retention relationships has been made in the
cation-exchange chromatography of primary monoamines, such as aliphatic amines,
t1-phenylethylamine and amino alcohols. Retention data for twelve amines on three
columns in the K+, Na + and Li + forms were analysed. The relationship between the
Stokes radius of the counter ion and retention was elucidated by comparing the selec­
tivity coefficients of amines for the three different counter ions. The structure para­
meters , T , of methyl , phenyl, hydroxyl and ionized amino groups were obtained as the
increments in the selectivity coefficient of the amine, zlln K~mlne , on replacing a hy­
drogen atom with these groups.

INTRODUCTION

Liquid chromatography has contributed greatly to the separation and analysi s
of various compounds. However, optimization of the elution conditions for new
problems still require much effort and time. Many studies have been made of the
relationship between retention and chromatographic conditions.

In a previous paper' , the chromatographic behaviour of primary amines in
cation-exchange chromatography was investigated . The correlation of the distribution
coefficient with the composition of the mobile pha se was elucidated, and the influence
of the degree of dissociation of the amines on retention was expressed by an experi­
mental equation.

Thi s paper describes the effect of the molecular structure of amines on reten­
tion in ion-exchange chromatography. The contribution of hydrophobic interactions
to the selectivity coefficient is discussed. Hydrophobic properties of amine molecules
with respect to the resin matrix are measured by applying the method of quantitative
structure-activity relat ionships (QSAR). Recently , a study of QSAR, developed by
Hau sch", has been applied to the evaluation of the contribution of substituents to
chromatographic retentiorr':".

0021-9673/80/0000-0000/$02.25 © 1980 Elsevier Scient ific Publishing Company



























254 P. HUBERT, J. PORATH

the binding to copper when free in solution9, ' 3 , ' 9 , 22- 24, our data with immobilized
Cu2+ suggest that the adsorption proceeds mainly via interactions with the hetero­
cyclic bases. Under our conditions a major role of phosphate group in the interaction
with the metal ion seems unlikely. In fact , it is either ruled out by high salt conditions
or cancelled owing to the repul sion by the negatively charged groups borne by the gel.

The fact that the bases arc far more strongly adsorbed than the corresponding
nucleosides and nucleotides emphasizes the negative role played by the sugar and
phosphate moieties. As the formation of the glycosidic linkage to ribose or esteri­
fication at the 5'-ribose position seems to cause no major charge redistribution in the
adenine ring" , it appears therefore that steric hindrance and modification of the
organization of water molecules around the solutes must be the main explanations
for the effect observed.

Recently, Chow and Grushka." have shown that nucleosides and nucleotides
can be separated by high-performance liquid chromatography on columns of silica
with cobalt-complexed ligands. Together with our findings, their study indicates the
potential applications of metal chelate adsorbents for nucleotide and oligonucleotide
fract ionation. As the main interaction involved in the adsorption process concerns
the heterocyclic bases of these compounds, one can reasonably expect an extension
of this system to other small heterocyclic molecules such as vitamins, hormones and
drugs.

From the very high retention observed with dinucleotides one must expect
considerable adsorption of solutes capable of multi -point attachment to the metal
chelate gels. In connection with protein and nucleic acid purification, this may
present difficulties during pH gradient elution , owing to the simultaneous leakage of
metal ions 2,3 ,6 . The study of pre-wa shing conditions, allowing a subsequent enhanced
stability of the chelate over a wide pH range, which is at present in progress, will
complement the present work and provide the basic information required for the
purification of nucleic acids by metal chelate affinity chromatography.
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EFFECT OF SOLVENTS ON THE RESOLUTION OF NEUTRAL LIPIDS ON
CHROMARODS'

J. K. G. KRAMER·, R. C. FOUCHARD and E. R. FARNWORTH

Animal Research Institute, Research Branch, Agriculture Canada, Ottawa , Ontario KIA OC6
(Canada)

(First received April 8th, 1980; revised manuscript received June 3rd, 1980)

SUMMARY

The chromatographic behav ior of neutral lipids on chromarods, used for the
Iatroscan TH-IO analyzer, was evaluated and compared to that observed in adsorption
thin-layer chromatography on silica gel. Various proportions of hexane, diethyl
ether and formic acid were used in the developing solvent to determine changes in
RF values of the neutral lipid classes. In addition, acetic and propionic acids were
investigated as substitutes for formic acid in the developing solvent. A knowledge of
the chromatographic behavior of the neutral lipid classes, with systematic changes in
the concentration of individual solvents in the developing solvent mixture, allows
maximum resolution to be obtained. The RF values of some lipid components change
with extensive use of the chromarods (25 to 30 uses); however, the life of the chro­
marods can be extended by changing the proportion of the solvent components in
accordance with the chromatographic characteristics determined in this study.

INTRODUCTION

The Iatroscan' is an instrument that combines the resolution capabilities of
thin-layer chromatography (TLC) with the possibility of quantitation by using a
flame-ionization detector. The application of this method is still in the experimental
stages, and new developing solvents are continually reported.

The apparent similarity bet ween the use of chromarods and adsorption TLC
on plates coated with silica gel has tempted many workers to apply solvent systems
successfully developed for TLC on silica gel directly to chromarods. However , it is
evident from recently published data on the resolution of neutral lipids with chro­
marods, that the effects of solvent systems are quite different':" from those applicable in
adsorption TLC. The solvent systems containing hexane, diethyl ether and organic
acid are either low in acid2 ,3 or have no acid at all' , giving the same separation se­
quence as with TLC, or are low in diethyl ether", which results in an inversion of the

• Contribution No. 919, Animal Research Institute.
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Fig. 1. Chromatograms showing the separation of neutral lipid classes on chromarods with solvents
containing hexane-diethyl ether-formic acid in the proportions 95:5 :1 (1) ; 95:5 :0.04 (2) ; 90:10:1 (3);
90 :10:0.04 (4); 85: 15:1 (5) ; 85 :15: 0.04 (6) ; R F values are indicated . CE = cholesterol ester;
ME = methyl ester ; TG = trigl yceride; FFA = free fatt y acid ; C = cholesterol.
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MOLECULAR WEIGHT DISTRIBUTIONS OF CARRIER AMPHOLYTES 313

these compounds. Firstly, we presume that the statement x = 2, 3 or 4 in conjunction
with the above-mentioned formul a is meant to cover the presence of ampholytes in
which some, but not all, x values are different from 2. Secondly, if substantial amounts
ofampholytes with x = 3 or 4 throughout were present, one would expect Ampholines
to show adsorption on hydrophobic materials. We did not find, however, any ad­
sorption in hydrophobic interaction chromatography on octyl-Sepharose under con­
ditions (I M sodium chloride) where the tripeptides GlyGlyVal , GlyGlyLeu and
LeuLeuLeu, containing isopropyl and isobutyl chains, are significantly retarded",

Therefore, another explanation must be found for the coincidence of most
elution peaks in the chromatograms for different pH ranges . Inasmuch as relatively
small peaks or shoulders are concerned (e.g., peaks I for the neutral and acidic Am­
pholines and shoulder 5 for the basic Ampholines) they could be due to PEHA
ampholytes with an isoelectric point outside the stated pH range. As Ampholines are
fractionated, subsequent to their synthesis, by isoelectric focusing at high concentra­
tion, some species could remain in the "wrong" pH range as a result of association
with the main constituents. Upon dilution, as in our experiments, such complexes
dissociate and the constituents would appear individually in the elution pattern. This
explanation cannot apply , of cour se, to the prominent peaks in Fig. 6, as substantial
amounts of such "wrong" ampholytes would adversely affect the pH gradient obtained
in isoelectric focusing.

We think that for these prominent peaks the explanation is provided by the
presence of ampholytes derived from the different PEHA isomers . It has been shown
by Vesterberg'? that upon the substitution of amine hydrogens of a polyamine with
alkyl carboxylic acid groups the pKvalues of the amine groups are virtually unchanged .
Thus , the pK values of the amine groups in the original polyamine can be used in a
rough estimation of the pI values of ampholytes derived therefrom provided that the
degree of substitution is low enough that the pK value of the carboxylic acid plays no
role in determining the isoelectric point. In Table I the four steric isomers of PEHA
are schematically depicted ; also indicated are the number of primary, secondary and
tertiary amine groups.

It can be seen that with increasing branching the number of primary amine

TABLE I

THE FOUR STERIC ISOMERS OF PENTAETHYLENEHEXAMINE (PERA)

PEHA isomer Number of amine groups

Primary Secondary Tertiary

a : 0--0-0-0-0-0

{J :0-0-0-0-0

I
o

y : 0-0-0-0-0

I
o

U:O-O-Q-O

o 0
-----. _- _ .. ..

2
3

3

4

4
2

2

o

o
I

2
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Bullivant and Pattenden? applied direct photolysis to the major constituents of
pyrethrins by exposing the material to a 100-W medium-pressure mercury-arc quartz­
filtered light and monitored the reaction by gas chromatography (GC). Elliott'?noted
that new isomers were formed when cis-pyrethrolone and related compounds were
heated , and he confirmed the tentative findings of Brown et al.' that isopyrethrin I
and isopyrethrin II were found in heat-treated pyrethrin extracts. Recently , the
formation of isopyrethrin I and isopyrethrin J] were confirmed by gas chromato­
graphy-mass spectrometry (GC-MS) of the pyrethrin extracts in heat-treated sealed
tubes" .

In this study, extracts of pyrethrins and allethrin exposed to sunlight through
clear window glass were examined by GC and GC-MS. Supporting data was obtained
by GC , N M R and solid probe mass spectrometric anal yses of isolated pho toproducts
of jasmolin I and allethrin which had been exposed to a 100-W mercury lamp .

EXPERIMENTAL

Chemicals
Refined natural pyrethrin extracts from Kenya, Tanzania and Ecuador were

supplied by Dr. Dean Kassera of McLaughlin Gormley King Co. , U.S.A. ; the sample
of Fumakilla Brand pyrethrin extract was received from T. Takano, Japan Pyrethrin
Institute, Kyoto, Japan ; and the World Standard pyrethrin extracts were supplied
by V. M. Shah , Pyrethrum Marketing Board, Nakura, Kenya.

Two grams of each refined extract (20 % pyrethrins) were weighed into a
50-ml volumetric flask and diluted to 50 ml with kerosene. Equal parts of the solution
were transferred into an 8-oz Owens clear glass bottle and a 50-ml brown bottle.

Jasmolin I was isolated from a pyrethrum extract (66.5 %, Dainippon Jotyugiku,
Osaka, Japan).

Allethrin , 0.1 g (purity 90 %, supplied by Sumitomo Chemical , Osaka, Japan),
was weighed into a 50-ml volumetric flask and diluted to 50 ml with kerosene. The
solution was divided in the same manner as described above.

Bioallethrin, d-trans-chrysanthemate of d,l-allethrolone (>93 %), was supplied
by Maruwaka Kagaku, Osaka, Japan.

Chromatography and analytical procedure
TLC of the mercury lamp-exposed jasmolin and allethrin was performed on

0.25-mm pre-coated silica gel 60F 254 glass plates (Merck, Darmstadt, G.F.R.). The
plates were developed with n-hexane-ethyl acetate (4 :1). Detecti on was accompli shed
by spraying the plates with saturated ethanolic molybdophosphor ic acid solution
and heat ing at 110°C for 3-4 min. Dark blue spots were observed under 253.6-nm
UV light .

Pure jasmolin I was isolated by column chromatography through two column s.
The first column, 50 cm X 43 mm 1.0., was slurry packed with 36.5 cm of 100-200­
mesh silica gel (Kanto Chemical, Japan) in n-hexane. The Dain ippon extract
(6 g) was then added and eluted with 800 ml of 95:5 and 1200 ml of 90 :10
n-hexane-ethyl acetate. Fractions of 7.8 g were collected and monitored by TLC for
jasmolin J. Approximately 430 mg of crude jasmolin I were collected in fractions
22-28. The crude jasmolin I was purified on a second column, 100 em X 20 mm J.D.,
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