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Ion chromatographic separation of metallic ions on a bonded poly-
b-diketone-type non-cyclic crown ether stationary phase
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Abstract

Tetra(oxydimethyl) poly-b-diketone-type non-cyclic crown ether ion chromatographic stationary phase was prepared by
grafting non-cyclic crown ether on silica gel modified previously with g-aminopropyltriethoxysilane. The chromatographic
behavior of this stationary phase was studied. Very good separation was obtained for alkali, alkaline earth and transition
metals on this stationary phase using methanol and water of various proportions as mobile phase.  1997 Elsevier Science
B.V.
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1. Introduction ionic substances but is easier to synthesize, so it is a
ion chromatographic stationary phase of broad pros-

Ordinarily used ion chromatographic stationary pect. The authors have studied mono-, di- and
phases are of resinic type [1,2] and chemically tri(oxydimethyl) poly-b-diketone-type non-cyclic
bonded type [3]. Ion-exchange is their common crown ether stationary phases [6], and have found
separation mechanism, a certain amount of acid, base that the ability of separating inorganic ions increases
or salt has to be added in the mobile phase making with the increase of oxydimethyl group in the
the operation tedious and causing serious corrosion stationary phase. The tetra(oxydimethyl) poly-b-di-
of the instrument. The newly developed bonded ketone-type non-cyclic crown ether ion chromato-
crown ether ion chromatographic stationary phases graphic stationary phase is synthesized [7] and its
[4,5] can overcome the above shortcoming. Using chromatographic behavior studied.
only water or an aqueous solution containing a
certain amount of organic solvent as the mobile
phase, good separation effects can be accomplished 2. Experimental
on these stationary phases. The mobile phase is
simplified and can also match the conductivity 2.1. Instrumentation
detector commonly used in ion chromatography.
However, the synthesis of these crown ethers is The ion chromatograph used for this work was
rather difficult, their cost price is high, thus their composed of a Waters 6000 pump, a DDJ-01 con-
application is limited. The non-cyclic crown ether ductivity detector (Sichuan Analytical Instrument
also possesses selective complexation ability with Plant, China), a Rheodyne 7125 injector (10 ml), a

stainless-steel column (15034.6 mm I.D.) and a
*Corresponding author. XWT-200 recorder (Shanghai Dahua Instrument and
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Meter Plant, China). The chromatographic column
7was slurry packed under 3.85?10 Pa.

2.2. Reagents

g-Aminopropyltriethoxysilane (Gai-xian Chemical
Plant, China), pentaethyleneglycol, ethyl acetoacetate
(chemically pure, Beijing Chemical Plant, China) and
oxalyl chloride (chemically pure, Beijing Xizhong
Chemical Plant, China) were used. The silica beads
were prepared in our laboratory. Pentaethylene-glycol was added to 65–68% nitric

acid the mixture kept at 808C for 1 h. The excess
nitric acid was removed to give the oxidized dibasic2.3. Chromatographic conditions
acid. After introducing a few drops of pyridine into a
toluene solution of the dibasic acid, oxalyl chlorideThe eluent used for separation was methanol–
was introduced under stirring. The mixture was keptwater of various proportions at a flow-rate of 1.0
at 408C to give the corresponding acyl chloride. Atml /min.
the same time, sodium ethyl acetoacetate was pre-
pared. After cooling, the acyl chloride and sodium
ethyl acetoacetate were combined and stirred for 2 h.
The product was washed with water and dried with3. Results and discussion
anhydrous sodium sulfate. The crude product was
further passed through a silica column to give pure

3.1. Preparation of stationary phase tetra(oxydimethyl) poly-b-diketone-type non-cyclic
crown ether.

3.1.1. Modification of silica beads 3.1.3. Grafting of crown ether
The silica beads (661 mm) were added to 2 mol / l In the toluene solution of the non-cyclic crown

hydrochloric acid and the mixture was refluxed under ether, modified silica beads as prepared in Section
stirring for 4 h. The mixture was washed to neutral 3.1.1 were added. The mixture was refluxed for 4 h.
with water and baked to dryness. The beads were The beads were then filtered, washed and dried at
then activated at 1408C. The thus treated beads were 708C. Grafting to give the tetra(oxydimethyl) poly-b-
placed in a toluene solution of aminopropyltriethoxy- diketone-type non-cyclic crown ether stationary
silane and refluxed for 8 h. After cooling, the beads phase is shown as follows:
were filtered, washed with benzene and acetone
successively, then dried to give the bonded amino
phase. The reaction is shown as follows:

3.1.2. Synthesis of tetra(oxydimethyl) poly-b-
diketone-type non-cyclic crown ether

The non-cyclic crown ether was synthesised with
pentaethylene-glycol, oxalyl chloride and ethyl
acetoacetate as the main raw materials. The process
is shown as follows:
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3.2. Chromatographic behavior of the stationary
phase

Fig. 1 shows the retention times of a few common
alkali metal salts, with mobile phases of various
methanol content used. It can be seen that in mobile

1 1phases of different methanol content the Li , NH ,4
1 1 1Na , Cs and K salts of the same acid have

distinctly different retention times. Therefore it is
very easy to separate these metal ions when crown
ether phase is used. Besides, other than the chloride
and nitrate of Li and ammonium, in the same mobile
phase the salts of sodium, cesium and potassium
show increasing retention times when the salt is
changed from chloride, nitrate to sulfate. That is, the
salt type of same alkali metal can be easily judged.

It can also be seen from Fig. 1 that along with the
increase of methanol content in mobile phase, the
retention times of all alkali metal salts increases,
although in different degrees. Therefore the optimum
separation can be reached through adjustment of
their retention times by variation of mobile phase
composition. On the other hand the grafted phase
retains alkali earth and transition metal salts more
strongly than alkali metal salts, the three group metal
salts can well be separated in a short time byFig. 1. Retention time of alkali metal salts versus mobile phase of

different methanol content. 1. LiCl, LiNO ; 2. NH Cl, NH NO ; adjustment of methanol content in mobile phase (see3 4 4 3

3. NaCl; 4. CsCl; 5. KCl; 6. NaNO ; 7. CsNO ; 8. KNO ; 9.3 3 3 Fig. 2). This characteristic is different from the
LiSO ; 10. (NH ) SO ; 11. Na SO ; 12. CsSO ; 13. K SO .4 4 2 4 2 4 4 2 4 crown ether stationary phase reported in the literature

Fig. 2. Selectivity of stationary phase. Mobile phase: (a) methanol–water (95:5); (b) methanol–water (30:70); (c) 100% water.
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[4,5]. On those phases, the retention of some alkali
metal salts is stronger than that of alkali earth metal
salts, so that the elutions of mono- and divalent
metal salts are mingled with each other. But on this
b-diketone-type non-cyclic crown ether stationary
phase the retention order is alkali metal,alkali earth
metal,transition metal, this characteristic makes it
more convenient in chromatographic application.

3.3. Chromatographic separation

3.3.1. Separation of alkali metals
By using methanol–water (95:5, v /v) as mobile

phase the separation of chlorides, nitrates and sul-
1 1 1 1 1fonate of Li , NH , Na , Cs and K can all be4

accomplished within 6–9 min. This phase has special
1 1selectivity to K and NH , whose separation on4

ion-exchange stationary phase is rather difficult. Fig.
3 shows the chromatogram of alkali chlorides.

3.3.2. Separation of alkali earth metals
The chlorides and nitrates of alkali earth metals

Fig. 4. Separation of alkaline earth metals. 1. Mg(NO ) ; 2.have been separated. Using methanol–water (30:70, 3 2

Ca(NO ) ; Sr(NO ) ; 3. Ba(NO ) .3 2 3 2 3 2v /v) as mobile phase, all salts, except Ca and Sr pair,

Fig. 3. Separation of alkali metals. 1. LiCl; 2. NH Cl; 3. NaCl; 4. Fig. 5. Separation of transition metals. 1. Mg(NO ) ; 2.4 3 2

CsCl; 5. KCl. Co(NO ) ; 3. Cd(NO ) ; 3. Zn(NO ) ; 5. Pb(NO ) .3 2 3 2 3 2 3 2
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