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ABSTRACT 

The strategy for planning ion chromatographic separations on a Dionex AS4A column was devel- 
oped on the basis of the examination of the effect of NaHCO,, NaHCO, + Na,CO, and Na,CO, eluents 
on the retention times of chloride, bromide, sulphate, nitrite, nitrate and hydrogenphosphate. The suppres- 
sor limitations of increasing the eluent concentration, the upper eluent concentration limits ofconductivity 
background stabilities, the upper concentration limits above which the anions are no longer well separated 
and the lower limits at which peaks become too wide or asymmetric were determined. On these bases the 

separation of other combination of anions can also be optimized. 

INTRODUCTION 

There are two specific characteristics of the Dionex 4000i ion chromatography 
system, a column and an anion micromembrane suppressor, both protected by a 
patent. 

The first consequence of these characteristics is that one does not fill the col- 
umns with commercially available anion-exchange resins, but buys the column on the 
basis of the manufacturer’s information about anions that can be separated on it and 
a description of the analytical problems that can be solved. For example, for so-called 
hydrophilic anions four Dionex columns, ASl, AS2, AS3 and AS4, are available [l], 
but for anions such as chloride, bromide, sulphate, nitrite, nitrate and hydrogen- 
phosphate present in similar concentration ranges the AS4 column offers the best 
selectivity [2]. 

For work on such a column, the manufacturer provides not only a list of 
suitable eluents [3], but also a specific eluent composition ([NaHC03 + NazC03] = 
1.7 + 1.8 mmol/l) as being the best for the AS4A column. This eluent composition is 
probably an acceptable solution for many applications, but it is impossible for it to be 
the best for all of them. There is no doubt that the separation of all six of the 
mentioned anions is very good under these conditions. However, if the sample con- 
tains only three of them, e.g., nitrite, nitrate and sulphate, the situation is different. 
These anions have very different retention times and there is no reason for the time of 
analysis to be so long, while the anions are not only well separated at shorter reten- 
tion times but also their peaks are sharper, better defined and therefore more suitable 
for quantitative analysis. 
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Applications of the AS4A column using other eluent compositions have been 
reported [4-201, but they are of little practical value when we want to optimize the 
separation of a combination of anions that is not the same as any of those published. 
From particular applications we can only get an idea of trying another eluent and the 
only thing we know after each experimental step is the necessity to try another stron- 
ger or weaker eluent in the next one. However, solving an analytical problem by trial 
and error in this way can be very time consuming and there is no progress in problem 
solving from one combination of anions to another; the starting position remains the 
same all the time. 

The aim of this work was to build up a background for planning the separations 
of different combinations of anions by establishing the effect of the concentrations of 
three eluents (NaHC03, NaHC03 + Na2C03 and Na,CO,) of increasing eluting 
strength on the retention behaviour of chloride, bromide, sulphate, nitrite, nitrate and 
hydrogenphosphate, which are common constituents of many different aqueous sam- 
ples, and therefore to make it possible to solve different analytical problems more 
easily and effectively. 

However, in our system not only the column but also the suppressor determines 
the limits of our examinations. The manufacturer suggests the operating conditions 
for this also. It is certain that the suppressor cannot compensate for the background 
conductivity of any eluent composition. The upper eluent concentration limits at 
which the instabilities of the background conductivity are still of such a magnitude 
that the chromatographic peaks can be recognized were determined for all three 
eluents used. From the methodological point of view this offers the possibility of 
making a decision about the suitability of the AS4A column for the determination of 
a component not previously examined after only one experimental step under extreme 
eluting conditions. 

EXPERIMENTAL 

Apparatus and experimental conditions 
The Dionex 4000i ion chromatographic apparatus consisted of an AG4A guard 

column, an AS4A separation column, an anion micromembrane suppressor, and a 
conductimetric detector, with an injection volume of 50 ~1, eluent flow-rate 2.0 ml/ 
min, regenerant sulphuric acid concentration 12.5 mmol/l and regenerant flow-rate 
2.8 ml/min. A Spectra-Physics SP 4290 integrator was used. 

Reagents and procedures 
All solutions and eluents were prepared from analytical-reagent grade chem- 

icals using deionized water obtained from a Mini-Q water purification system (Milli- 
pore, Bedford, MA, U.S.A.). All salts were in the sodium form to avoid any effect of 
different cations. 

Six stock solutions, each with an anion concentration of 1 g/l, were used and all 
the working solutions listed in Table I were prepared from them. 

A comparison was made between the retention times of all six anions obtained 
with solutions prepared from only one salt and a solution with a mixture of all six 
anions. No significant differences were found so all subsequent experiments were 
nerformed with a mixture of all six anions. 
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TABLE I 

WORKING SOLUTIONS 

Solution Cl- 

(w/l) 

Br- 

(w/l) 

SO:- NO, 

(w/l) (mkd) 

NO; 

(mdl) 

HPO:‘ 

(mdl) 

A 2.5 - _ - - _ 

B - I - - - _ 

C - - 1 - - _ 

D - - - 4.5 - _ 

E _ - - _ 6 - 

F _ - - _ - 15 
G 2.5 I I 4.5 6 15 

Two stock eluent solutions, 100 mmol/l NaHC03 and 100 mmol/l Na2C0, 
were used. All other eluent compositions were prepared in the chromatographic sys- 
tem by mixing these two solutions with deionized water obeying the microprocessor 
program. 

RESULTS AND DISCUSSION 

The results of examination of the effects of NaHCOs, NaHCOs + Na2C03 
and Na2C03 eluent concentrations on the retention times of chloride, bromide, sul- 
phate, nitrite, nitrate and hydrogenphosphate are presented in Figs. l-3. It is evident 
that the retention behaviour of anions is much more alike when Na2C03 or NaHC03 
+ Na2C03 is used, than with NaHC03 as the eluent. With the first two eluents the 
retention times of all six anions are very similar and relatively short after a small 
increase of eluent concentration, whereas with NaHCOs the anions remain well sep- 
arated at all concentrations. Hence already from the graphical presentation of the 
results it can be concluded that the usable eluent concentration range is the widest 
when using NaHCOs as eluent, but on the basis of the chromatograms and integrator 

2 4 6 6 10 12 14 16 18 20 22 24 26 28 
c (mmol/l) 

Fig. 1. Effect of Na,CO, eluent concentration on the retention times (RT) of anions. + = Cl-; a = 
NO;; 0 = Br-; x = NO;; V = HPO;-; 0 = SO:-. 
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Fig. 2. Effect of NaHCO, + Na,CO, eluent on the retention times of anions. The concentrations represent 
the total concentration of the two constituents, which were always present in equal amounts. Symbols as in 
Fig. I. 

baseline codes fairly specific concentration limits for all three eluents can be deter- 
mined. 

Eluent concentration limits for the separation and determination of all six anions 
In the Introduction it was mentioned that the suppressor determines the limit of 

increase in eluent concentration while above this limit the background conductivity 
becomes completely unstable, the chromatograms become unrepeatable and peaks 
can no longer be recognized. However, the concentration limit under which an eluent 
can be used is also eluent dependent. From Fig. 4, which shows the effect of eluent 
concentration on the background conductivity, the upper limits of usable concentra- 
tion ranges for all three eluents can be determined as 16 mmol/l for Na2C03, 22 
mmol/l for NaHC03 + Na2C03 and 28 mmol/l for NaHC03. 

The background conductivity also becomes unstable below these concentra- 
tions, but it has no effect on peak recognition; however, it is important because it 
impedes the accurate determination of anion concentrations. These eluent concentra- 

Fig. 3. Effect of NaHCO, eluent concentration on the retention times of anions. Symbols as in Fig. 1. 
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c (mmol/l) 

Fig. 4. Dependence of the background conductivity on the concentrations of the three eluents. The bands 
are divided into three parts. From left to right there is a range of stable background conductivity, a range of 
small instability and a range of completely unstable background conductivity. Solid line, NaHCO,, dotted 
line, Na,CO,; dashed line, NaHCO, + Na,CO,. 

tion limits of unstability of the background conductivity which can be seen from Fig. 
4 are 13 mmol/l for Na*COs, 18 mmol/l for NaHC03 + Na2C03 and 24 mmol/l for 
NaHC03. 

However, for the successful separation of the six anions two eluent concentra- 
tion limits already mentioned are not very important, because at such high eluent 
concentrations the anions are no longer well separated. Hence the limit which has to 
be considered now is not the limit of the available eluent concentration range but the 
limit of the suitable eluent concentration range. From this point of view it can be seen 
that Na2C03 is unsuitable for the separation of this mixture as sulphate and hydro- 
genphosphate are unseparated over the whole eluent concentration range. In con- 
trast, all the anions can be successfully separated using NaHC03 + Na2C03 below 6 
mmol/l and NaHC03 below 18 mmol/l. 

There is also a lower limit to the eluent concentration because the peaks become 
too wide or very asymmetric and their determination becomes unreliable. The lower 
limits of eluent concentrations for different anions and also previously mentioned 
upper limits of usable eluent concentration ranges are shown in Fig. 5. The results 
offer the possibility of planning a successful separation and determination of all six 
anions in mixtures under different conditions. 

Possibilities for planning the separations of other combinations of anions 
There are generally two cases of other combinations of anions, one when the 

mixture contains only some of above-mentioned anions and the other when the mix- 
ture contains not only some of these anions but also other anions that have not been 
examined. Before describing the methodology for solving these two types of analyt- 
ical problems, two approaches that were developed for this purpose should be de- 
scribed. Fig. 6 offers the possibility, for a combination of anions, of answering the 
question of whether they are separated under selected eluting conditions. Further, on 
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Fig. 5. Usable concentration ranges for the separation of all six anions (B). A, Peaks are too wide or 
asymmetric; C, not all of the six peaks are separated. 

the basis of Fig. 7, the elution sequence of anions under these conditions can be 
predicted. 

On these bases, the separation of any combination of examined anions can 
easily be optimized and the separation conditions can be simply predicted. Na2C03 
will probably be more suitable for the elution of anions with very long or very differ- 
ent retention times. On the other hand, NaHCOs will probably offer the best possibil- 
ities for the elution of anions with very short or very similar retention times. Because 

HPO:- NO; Bi NO; Cl- 1 Cl- NO; Br- NO; HPO:- 

NO; 

Llr- 

NO; 

HPOf- 

Sti- 

xl- 

lIPOf_ 

NaHC03 

NO; 

Br- 

NO; 

lIPOf- 

so.- 

sd- 
HP$- 

NO; 

Br- 

NO; 

HP@ NO; Bi NO; Cl- 1 Cl- NO; Br- NO; HPO:- 

Fig. 6. Eluent concentrations at which the combinations of anions are not separated. Empty boxes repre- 
sent anions that are well separated over the whole eluent concentration range. Numbers in boxes represent 
eluent concentrations (mmol/l) at which two ions are not separated. The basis for the decision as to 
whether ions were separated and not separated were the integrator’s baseline codes (BC) present in each 

chromatographic report (BC : 01 - separated). 
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Fig. 7. Effect of eluent concentration on the elution sequence of anions. 

of its very wide usable concentration range, it could also be the most suitable for 
planning gradient elution separations. 

The results can also be helpful for the optimization of a mixture that also 
contains other anions, but some additional experiments would be necessary. First the 
usability of the AS4A column for the determination of an anion has to be established, 
suitable eluting conditions for this anion have to be determined and then combined 
with the optimum separating conditions for other anions. 
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