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Abstract. The simultaneous ion chromatography of mono- and divalent cations, with
non-suppressed conductivity detection, on the cation-exchange column Katieks K is
described. The effect of pyridine-2,6-dicarbonic acid mixtures with tartaric acid eluent
on the retention and separation of cations was studied. The mean efficiency of the
chromatographic system evaluated by the HETP value was 0.15 mm. Optimum elution
conditions were established by measuring the effect of eluent composition on the
resolution of cations. With the combination of 7.5 mM tartaric acid and 0.75 mM
pyridine-2,6-dicarbonic acid as eluent, ions of lithium, sodium, ammonium, potassium,
magnesium and calcium could be completely separated within 20 min.

Key words: ion chromatography, alkali and alkaline earth metal ions, organic com-
plexing acid eluent.

INTRODUCTION

Monovalent sodium, ammonium and potassium ions and divalent mag-
nesium and calcium ions are found together in most water samples, and
often all these species need to be determined. In ion chromatography
(IC), mono- and divalent cations are usually determined under separate
elution conditions. Recently, some methods have been proposed for
handling mono- and divalent species simultaneously by isocratic
elution [*~%]. In the previous paper [*], it has been found that the Katieks
K column is applicable for determining monovalent cations in ground
water samples. Under these conditions, however, divalent cations are
captured in the column and, as a result, the column needs periodical
regeneration. In this paper, the mixtures of tartaric acid and pyridine-
2,6-dicarbonic acid (PDCA) were tested in order to find the optimum
separation conditions for the simultaneous determination of the most
usual mono- and divalent cations in natural waters.

EXPERIMENTAL

Instrumentation. The apparatus used was an IAK-12 analytical chro-
matograph with conductivity detector (INKROM Ltd., Estonia). The
separation column used was an IC cation column Katieks K 3150 mm
(ECOS Ltd., Estonia) with particle size 10 pm.
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Reagents and procedures. All the reagents used were of analytical grade
(Reakhim, Russia). The standard solutions of cations were prepared by
dissolving the weighed amounts of inorganic salts in degassed distilled
water. The test solution contained 1 ppm lithium, 5 ppm sodium, 5 ppm
ammonium, 10 ppm potassium, 10 ppm magnesium, and 10 ppm calcium
ions. Eluents used were prepared from tartaric acid and PDCA as well
as their mixtures without pH adjustment. All eluents were prepared
daily and filtered.

Chromatographic conditions. The chromatographic experiment was per-
formed with a flow rate of 1 ml/min. The sample volume used was
50 pl. The sensitivity of the conductivity detector was set to 16 pS/cm
FS. The column, loop injector and the cell of the conductivity detector
were maintained at 35°C.

RESULTS AND DISCUSSION

The metal cation elution ability of tartaric acid is determined by
its dissociation and complex stability constants (KML), as well as
its concentration. Because of the low values of tartrate complex stability
constants (Na: loggkmr=0.73; K: loggkmL= 0 [?]), the elution of mono-
valent cations depends mostly on the [H+*]-concentration of the eluent.
The elution of divalent metal ions with higher loggkmi values for tartrate
complexes (Mg: logkmr=136; Ca: loggmr=1.80 [3]) is more in-
fluenced by the ligands of the organic acid. When 1 mM nitric acid
eluent [¢] is replaced by 7.5 mM tartaric acid eluent, divalent cations
are no more captured in the column and all cations of the test solution
can be separated in a single run (Fig. 1, A). However, the retention
times for magnesium and calcium ions are considerably larger than that
of monovalent cations, and the total analysis time is quite long. One
way to accelerate the elution of divalent cations is to add a more strong
ligand to the tartaric acid eluent: PDCA, for example. PDCA is char-
acterized by the fact that the complex of Ca—PDCA (loggxmir=4.6) is
remarkably more stable than that of Mg—PDCA (loggmr.=232) [3].
When the concentration of PDCA in the 7.5 mM tartaric acid eluent was
increased from 0 to 0.75 mM, the retention time of Ca ions decreased
more rapidly than that of Mg ions. At the PDCA concentration 0.3 mM,
Mg and Ca ions eluted as a single peak, but the concentration 0.75 mM
PDCA caused the elution of Ca before Mg ions with good resolution
(Fig. 1, B), and the total analysis time decreased to 20 min. This elution
sequence could not be achieved by other conventional organic acid
eluents. To optimize the eluent composition, resolution values (R) for
ion peak pair Ca/Mg were plotted vs. PDCA concentration (C) in the
eluent (Fig. 2). The peaks are completely separated at absolute values
R>1. The corresponding PDCA concentration is below 0.14 mM or
above 0.725 mM, the latter being preferable due to shorter analysis
time. Further analysis time shortening using more concentrated PDCA
modifier in the eluent is limited by the resolution decrease in the group
of monovalent cations. The efficiency of the used IC system was
evaluated by calculating HETP values [5]. The obtained values for all
cations were quite close and ranged from 0.18 mm for sodium to 0.13 mm
for calcium, potassium and ammonium.
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Fig. 1. Separation of cations with 7.5 mM tartaric acid eluent without (A) and with
0.75 mM pyridine-2,6-dicarbonic acid (B). Conditions as in text.
Ions: I — lithium, 2 — sodium, 8 — ammonium, 4 — potassium, 5§ — magnesium,
6 — calcium.
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Fig. 2. The effect of pyridine-2,6-dicarbonic acid concentration (C) on the peak pair
calcium/magnesium resolution (R=(t’ca—t,Mg)/(0)Ca+mMg), where ¢ is the adjusted

retention time and o is the peak width at its half height).
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CONCLUSIONS

Non-suppressed IC with Katieks K separation column, using the
mixture of tartaric acid and PDCA as eluent with conductivity detection
recommends itself, due to its good separation efficiency, for the simul-
taneous separation of alkali and alkaline earth metal ions. This IC
method can compete with other analytical methods, such as flame photo-
metry, titrimetry, ionometry etc., for the analyses of alkali and alka-
line earth metals.
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LEELIS-, LEELISMULDMETALLIDE JA AMMOONIUMIOONIDE
IOONKROMATOGRAAFILINE LAHUTAMINE
KASUTADES KONDUKTOMEETRILIST DETEKTORIT
JA ELUENDINA KOMPLEKSOONHAPPEID

Jiiri IVASK, Jaan PENTSUK

On kirjeldatud iihekolonnilist ioonkromatograafilist siisteemi {ihe- ja
kahelaenguliste katioonide lahutamiseks kationiitkolonni Katieks K abil
ning uuritud viin- ja piiridiin-2,6-dikarboonhappe segudest eluentide moju
katioonide retentsioonile ja lahutumisele. Kromatograafilise siisteemi
efektiivsus véljendatuna HETP iihikutes oli keskmiselt 0,16 mm. On lei-
tud optimaalsed elueerimistingimused wuurides eluendi koostise moju
katioonide lahutatusele. Kasutades eluendina 7,5 mM viinhappe ja 0,75
mM piiridiin-2,6-dikarboonhappe kombinatsiooni, on voimalik 20 minuti
jooksul lahutada liitium-, naatrium-. ammoonium-, kaalium-, magnee-
sium- ja kaltsiumioonide segu téielikult.
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HOHOXPOMATOIPA®UYECKOE PA3JIEJIEHUE
WOHOB HEJIOYHbIX U WEJIOYHO3EMEJIbHbBIX METAJIJIOB H
AMMOHHUS C UCHNOJIb3OBAHUEM KOHAYKTOMETPUYECKOIO
JNETEKTOPA U KOMIJIEKCOOBPA3YIOUHUX OPFAHHYECKHX
KHUCJIOT B KAYECTBE 3JIKOEHTA

IOpu UBACK, flan TIEHUYK

Onucan noHoxpomartorpadHyeckKuii MeTOJ] INOCJeJ0BAaTEJbHOIO aHaJH3a
OJHO- M JBYX3apAJAHbIX KaTHOHOB Ha KaTHOHOOOMeHHO# KoJsoHKe «KaTtuekc
K» ¢ ucnosb3oBaHHeM KOHAYKTOMETPHYECKOro AeTekTopa 6e3 cympeccop-
HO#i cucreMbl. M3yueHo BaHsHHe cMecell NMHPHAHH-2,6-1HKapOOHOBOH KHC-
JIOTHI ¢ BHHHOKHCJ/IBIM 3JIIOGHTOM Ha yJepKHBaHHe U Da3jiesieHHe KaTHOHOB.
Cpennsis 3b¢peKTHBHOCTL XpoMaTorpadHueckoil CHCTeMbl, BbIpakeHHas B
eaunnuax BITT, cocraBasina 0,15 MM. OnTuMaJjibHble YCJIOBHS 3JIOHPOBA-
HHSl HalileHbl TIpH M3yYeHHH BJIHSHHS COCTaBa 3JI0EHTAa Ha pasjeseHHe
KaTHOHOB. Mcrosb3yss B KauecTBe 3Jl0eHTa pacTtBop 7,5 MM BHHHOH KHC-
gotel U 0,75 MM nupHAHH-2,6-1HKapOOHOBON KHCJOTH, MOXKHO pPa3fiesHThb
HOHBI JIMTHsI, HATpPH$, aMMOHHS, KaJHsl, Mar{usi H KaJblUHs B TeueHHEe
20 muH.
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