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CHROMSYMP. 2730

Retention model for the separation of anionic metal
EDTA complexes in ion chromatography

Peter Hajos* and Gabriella Revesz
Department ofAnalytical Chemistry, University of Veszprern, P.O. Box 158, 8201 Veszprem (Hungary)

Corrado Sarzanini, Giovanni Sacchero and Edoardo Mentasti
Department of Analytical Chemistry, University of Turin, Via P. Giuria 5, Turin (Italy)

ABSTRACT

A retention model is derived for complex anions eluted from an anion-exchange column with multiple ionic eluents containing
hydrogencarbonate, carbonate, and hydroxyl species and the sample solution, containing transition metals, anions and complexing
ligand. The theory is based on the generalized ion-exchange equilibrium, protonation and complex-formation equilibria. The unknown
parameters of chromatographic ion-exchange equilibrium constants for sample and eluent species are determined from the experi
mental retention data by iterative minimization, using a non-linear regression algorithm. The model was utilized to predict the retention
behaviour of CdEDTA2 -, CoEDTA2 -, MnEDTA2 - and NiEDTA2 - ions. The capacity factors of complex ions were determined for
wide ranges of pH values and eluent concentrations. Good agreement was obtained between the observed and predicted retentions.

INTRODUCTION

Complexing eluents have been used to improve
the selectivity of the chromatographic separation of
metal ions [1]. When a basic solution contains an
excess of a strong complexing anion of high charge
such as ethylenediaminetetraacetate (EDTA) ion,
most metal ions will occur as anionic complexes. The
metal-EDTA complexes (MEDTA2

-, MHEDTA-)
are anions and can be separated by anion exchange.
Hence this method provides simultaneous metal and
anion separation [2-4].

Multidentate chelating ligands can form strong
complexes with alkaline earth metal, transition
metal and lanthanide ions and have an important
role in ion chromatography. The chromatographic
separation will depend on the charge of the com-

* Corresponding author. Present address: Department ofChem
istry, Swiss Federal Institute of Technology, lOIS Lausanne,
Switzerland.

plexes, the stability of the complexes, the ion-ex
change behaviour on the ion exchanger [5] and the
eluent type and concentration.

The problem ofthe prediction ofretention and the
optimization ofeluent composition can be solved on
the basis of valid models of retention [6,7]. If the
eluent contains only a single competing anion, a
relatively straightforward model can be derived
[1,8-10]. A system that contains several ionic spe
cies, such as Co~-, HC03 and OH- in the eluent
and different complex forms of analytes in the
sample is very complicated. This is probably due to
its theoretical complexity and the lack of a common
ly accepted model of simultaneous equilibria. At the
eluent pHs used, three eluent species will be present
and simultaneous ion-exchange equilibria will take
place. In order to have a reliable retention model all
the eluent species in the system must be considered.

The aim of this work was to develop a theoretical
model for the retention of complex anions. Until
some definitive study of retention behaviour has
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TABLE I

COMPARISON OF THE PROPERTIES OF THE PACKING MATERIALS IN COLUMNS C, AND C2

Property

Support

Diameter
Cross-Link
Pore Size

Layer
Diameter
Cross-Link
Functional group

Ion-exchange capacity
Column dimensions

Pellicular
Poly(styrene-divinylbenzene)
15 jlm

4%
<IA
Latex
200 nm
0.5%
Alkanol
Quaternary amine
20 jlequiv.
250 mm x 4.6 mm LD.

Macroporous
Ethylvinylbenzene-divinylbenzene
8.5 jlm

55%
2000 A
Latex
65 nm
5%
Alkanol
Quaternary amine
170 jlequiv.
250 mm x 4.6 mm LD.

and then through column C, without changing the
flow direction within the columns. At first the more
strongly retained anions, sulphate and nitrate, are
eluted from column C, and detected (peaks 7 and 8
in Fig. 2). These species are separated only on col
umn C l . Phosphate as the most retained anion of
the sample is passed by fluoride and the low-molec
ular-mass organic acids coming from column C2

(peaks 1-3 in Fig. 2). The situation before the elu
tion of phosphate is shown in Fig. Id, Phosphate
elutes from C l , followed by chloride, carbonate and

nitrite, which, like the organics, first pass through
column Cj, then through C2 and finally once again
via the switching valve through column C2 •

Switching time optimization
To find the optimum switching point first a chro

matogram was monitored by injecting a nine-anion
standard solution only using column C, (AS4A)
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Fig. 1. Elution sequence during column switching

Minutes

Fig. 2. Chromatogram of a nine-anion standard solution using
column switching. Peaks: 1 = 2 mg/I fluoride; 2 = 10 mg/I ace
tate; 3 = 10 mg/l formate; 4 = 3 mg/l chloride; 5 = 100 mg/l
carbonate; 6 = 10 mg/l nitrite; 7 = 5mg/J sulphate; 8 = 10 mg/I
nitrate; 9 = 15 mg/l phosphate; S = switching peak.
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CHROMSYMP. 2706

Simultaneous separation of alkali and alkaline-earth
cations on polybutadiene-maleic acid-coated stationary
phase by mineral acid eluents

Lakshmy M. Nair*, Raaidah Saari-Nordhaus and James M. Anderson, Jr.
AI/tech Associates, Inc., 2051 Waukegan Road, Deerfield, IL 60015 (USA)

ABSTRACT

The simultaneous separation of alkali and alkaline-earth cations on polybutadiene-maleic acid-coated silica columns can be achieved
with mineral acid eluents. Simple ion-exchange retention mechanisms and the high selectivity of eluent hydronium ions towards the
carboxylate group are the basis for the separation. Use of mineral acid eluents allows using this column in both single column and
suppressor-based IC systems. Both types of ion chromatography systems provide detection limits in the low-ng/ml range with excellent
linearity.

INTRODUCTION

Since the introduction of ion chromatography
(IC) in 1975, the technique has been widely applied
for analyzing various aqueous samples such as
waste and drinking water, food and beverages,
pharmaceuticals, metal plating solutions, etc. Alka
li, alkaline earth, and ammonium cations are often
found together in these samples and the demand for
determining these species is increasing. Convention
alIC methods for the analysis of these cations are
time consuming and complicated. Alkali metal ions,
ammonium and cations of several monovalent
amines are separated by low capacity sulfonic acid
cation-exchange columns along with dilute solu
tions of inorganic acids such as nitric acid or hydro
chloric acid [1]. The divalent and trivalent cations,
due to their affinity to the resin, will not be eluted
with monovalent acid eluents. Divalent cations are
separated by divalent cations such as m-phenylene
diamine or ethylenediamine [1]. An effective, iso
cratic separation of both monovalent and divalent

* Corresponding author.

cations in one run by single column IC was not es
tablished until recently [2].

In suppressor-based IC, a gradient separation
has been shown to be useful for the simultaneous
separation of monovalent and divalent cations [3].
A gradient of 7 to 100% of the 40 mM RCI-20 mM
DAP (2,3-diaminopropionic acid) . RCl eluent and
water is able to separate monovalent lithium, sodi
um, ammonium and potassium, and divalent mag
nesium, calcium and ethylenediammonium in one
run. Even though gradient elution is useful for the
initial investigation of unknown samples, it faces
disadvantages such as the need for a scavenger col
umn to remove the impurities from the eluent, base
line shift due to changing eluent composition, long
retention times and lengthy re-equilibration periods
between runs. The overall operational cost is also
higher because of the expensive eluents, regenerants
and gradient pumps. Stillian et al. [4] reported an
isocratic separation of mono/divalent cations on a
sulfonic acid cation-exchange column using 60 mM
hydrochloric aicd-6 mM DAP eluent by suppressed
conductivity. This method simplifies the mono- and
divalent cation analysis by suppressor-based IC.

A column switching (dual column) technique was
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