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Determination of inorganic and organic anions in one run
by ion chromatography with column switching
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ABSTRACT

A method for the simultaneous determination of low-molecular-mass organic and inorganic anions in aqueous solutions was devel-
oped using isocratic ion chromatography (IC) with suppressed conductimetric detection and column switching. Owing to the large
differences in distribution coefficients between sulphate, nitrate and phosphate and the other species, these ions are separated in the first
stage on a medium-capacity anion exchanger, whereas the other anions are led through a second column packed with a high-capacity
anion-exchange resin via a column-switching valve. After optimization of the switching procedure a spiked drinking water sample was

analysed. Fluoride, acetate, butyrate, formate, nitrate, nitrite and phosphate could be determined in addition to the main anions
(chloride and sulphate). The time for a complete analysis is less than 20 min and the method can easily be automated. The precision and

detection limit are ag nsual in IC with bhackoround sunnrecsion
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INTRODUCTION

In the last decade, ion chromatography (IC) has
undergone significant changes. Initially IC was fo-
cused primarily on the determination of inorganic
anions [1]. Nowadays it has a much wider scope,
which ranges from the determination of morgamc
and organic cations to that of inorganic and organic
anions [1,2].

The introduction of a membrane suppressor [3]
with improved suppression capacity and reduced
void volume permitted the use of high concentra-
tions of hydroxide as eluent and therefore the elu-
tion of more strongly retained anions. The high
suppression capacity also opened the door to gra-
dient elution in IC using suppressed conductivity
detection [4]. This is one way to separate species
with widely varying affinities (capacity factors, k')
for the stationary phase in a reasonable time. Gra-

dient elution starts with an eluent of low ionic elu-
tion strength for the resolution of the most weakly
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retained species. Increasing the concentration of the
eluent during the run leads to the elution of the
more strongly retained ions in a reasonable time.
Using sodium hydroxide as an eluent component
results in water as the suppression product. One ex-
ample of the benefit of an ion strength gradient is
the resolution of fluoride and early-eluting organic
anions (most notably acetate and formate) under
isocratic conditions, which caused serious problems
in the routine determination of anions in environ-
mental and power industrial samples [5,6].
Gradient elution is not without problems. One is
the build-up of eluent impurities (mostly carbonate)
in the separation column and their subsequent re-
lease as the eluent strength is increased. This prob-
lem can be minimized by using a trap column and
very pure reagents (carbonate free sodium hydrox-
ide and 18 MQ cm water). Nevertheless, there re-
mains a baseline drift caused by these impurities

which complicates the integration of the peaks. An-
tha ~nl.
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umn must be returned to its initial state, which leads
to a longer analysis time.
An alternative to this technique resulted from the
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introduction of a new high-capacity macroporous
resin for anion exchange, which made it possible to
separate fluoride from the early-eluting organic
acids and to elute the more strongly retained anions
isocratically. One drawback of this method is the
long time of 40 min for the elution of nitrate and
phosphate with a wide time window of non-used
baseline. A final solution of the problem can be ex-
pected by applying column switching, combining
this new high-capacity column with the low-capac-
ity column used in previous work.

Column switching was first used in liquid chro-
matography in the low-pressure mode [7,8] and lat-
er in the high-pressure mode [9-21]. In IC one of the
approaches to cation determination uses column
switching to determine mono- and divalent ions in
one isocratic run [22]. Another application of this
technique in IC is the rapid analysis of pulping li-
quors [23].

This paper discusses the use of the column-
switching technique for the determination of inor-
ganic and organic anions by IC. After optimization
of the system the method was tested with drinking
water samples.

EXPERIMENTAL

Chemicals

All chemicals were of analytical-reagent grade:
50% sodium hydroxide (J. T. Baker, Deventer,
Netherlands), sodium carbonate, sodium nitrate,
sodium nitrite, 96% sulphuric acid, formic acid,
acetic acid, butyric acid and sulphate, chloride,
phosphate and fluoride Titrisol standards of 1000
mg/l (E. Merck, Darmstadt, Germany). All work-
ing standard solutions were prepared by appropri-
ate dilutions of stock standard solutions. The
eluents, regenerants and standards were prepared
using ultra-pure 18 MQ cm HPLC-grade water.

Apparatus

A Model 4500i ion chromatograph (Dionex, Sun-
nyvale, CA, USA) was used, equipped with an elec-
trical conductivity detector with integrated back-
ground suppression via an anion micro membrane
suppressor (Dionex). The instrument was modified
by the plumbing of an additional high-pressure
multi-port valve (Dionex) allowing column switch-
ing.
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In position 1 of the switching valve the effluent is
first led through the first column C, and then via the
switching valve to the second column C; and final-
ly, after suppression of the ion background, to the
conductivity detector cell. In position 2 of the col-
umn switching valve the column sequence is re-
versed, maintaining the direction of flow within the
columns. The chromatograms were monitored and
processed by a Model AI-450 data station (Dionex).
The injector and the switching valve were activated
by the pump control.

The conditions for analysis were as follows:
eluent, 75 mM NaOH solution; flow-rate, 1 ml/min;
columns, C; = AS4A anion exchanger (Dionex)
(250 x 4.6 mm I.D.) and C, AS10 anion exchanger
(Dionex) (250 x 4.6 mm [.D.); column switching, 3
min after injection; injection volume, 50 ul; detec-
tor, electrical conductivity with chemical ion sup-
pression; micro membrane suppressor continuously
regenerated with 25 mM H,SO, at 4 ml/min.

RESULTS AND DISCUSSION

Retention characteristics of columns C, and C,

Table 1 compares the properties of the packing
materials in the two columns. Owing to the higher
capacity of column C, compared with C; the
anions are generally eluted later under the same
chromatographic conditions. Compared with the
elution sequence with column C,, there is a differ-
ence in selectivity. On column C; carbonate co-
elutes with nitrite whereas on column C, there is
co-elution of carbonate with chloride.

Column-switching sequence

Fig. 1 shows schematically the principle of sep-
aration. (a) The sample is injected on to column C,
and the flow is directed from C; to C,. (b) After a
certain time the different species start to separate
according to their differential retention. All inor-
ganic anions, except fluoride, chloride and
carbonate, have a higher affinity than the low-mo-
lecular-mass organic species for the anion ex-
changer. Therefore, they move slowly in column C,
whereas the other anions elute from column C, and
are directed via the switching valve to column C,,
where separation continues. (c) Now the switching
valve is activated and the column sequence is re-
versed. The eluent flows first through column C,
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COMPARISON OF THE PROPERTIES OF THE PACKING MATERIALS IN COLUMNS C, AND C,

Property AS4A(C)) AS10(C,)
Support Pellicular Macroporous
Poly(styrene—divinylbenzene) Ethylvinylbenzene-divinylbenzene
Diameter 15 ym 8.5 um —
Cross-Link 4% 55%
Pore Size <1A 2000 A
Layer Latex Latex
Diameter 200 nm 65 nm
Cross-Link 0.5% 5%
Functional group Alkanol Alkanol
Quaternary amine Quaternary amine
Ion-exchange capacity 20 pequiv. 170 pequiv.

Column dimensions 250 mm x 4.6 mm LD.

250 mm x 4.6 mm 1.D.

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;. Phosphate as the most retained anion of
the sample is passed by fluoride and the low-molec-
ular-mass organic acids coming from column C,
(peaks 1-3 in Fig. 2). The situation before the elu-
tion of phosphate is shown in Fig. 1d. Phosphate
elutes from C,, followed by chloride, carbonate and

a Injection Ty . |

all anions

¢ Switching valve
at position 2 CIIZI:I:III}—|
other anions
PO4 NO3 SO4
d Before PO4-
elution

Lm—

NO3 CO3Cl PO4

Fig. 1. Elution sequence during column switching

nitrite, which, like the organics, first pass through
column C,, then through C, and finally once again
via the switching valve through column C,.

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. 2. Chromatogram of a nine-anion standard solution using
column switching. Peaks: 1 = 2 mg/l fluoride; 2 = 10 mg/l ace-
tate; 3 = 10 mg/l formate; 4 = 3 mg/l chloride; 5 = 100 mg/l
carbonate; 6 = 10 mg/l nitrite; 7 = 5 mg/l sulphate; 8 = 10 mg/1
nitrate; 9 = 15 mg/l phosphate; S = switching peak.
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under the optimized mobile phase conditions for
column C, (AS10). Compared with the conditions
optimized for column C; (NaHCO;-Na,CO;
eluent), different sensitivities and a different elution
sequence can be observed. The inorganic anions
elute in the order fluoride, chloride, nitrite, sul-
phate, nitrate, phosphate. Acetate and formate co-
elute with fluoride and carbonate interferes with ni-
trite. The complete elution of nitrite from column
C; marks the earliest switching point, whereas the
start of the elution of sulphate indicates the latest
switching point.

The chromatograms obtained during the optimi-
zation of the switching point are shown in Fig. 3.
Choosing the switching point between 3.1 and 2.8
min after injection (b to e), nitrite as the last-
switched peak is transferred quantitatively on to
C,. Fig. 3a shows a decreased nitrite peak and an
increase in the switching peak due to a non-quanti-
tative transfer of the nitrite peak. The optimum
switching point in this case is 3.00 min after injec-
tion.
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Fig. 3. Chromatograms of a nine-anion standard solution using

column switching at different times. Switching point after (a) 2.7,
(b) 2.8, (c) 2.9, (d) 3.0 and (e) 3.1 min.
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Fig. 4. Chromatogram of a nine-anion standard solution on col-
umn C,. Peaks 1-9 as in Fig. 2.

One of the advantages of this method is that ob-
serving these limits there normally is a wide time
window where the switching action can take place.
Hence the control of this command does not need
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Fig. 5. Chromatogram of a drinking water sample using column
switching. Peaks: 7 = sulphate; 8 = nitrate; 4 = chloride; 5 =
carbonate; S = switching peak.
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Fig. 6. Chromatogram of a spiked drinking water sample using
column switching. Peaks: 7 = sulphate; 8 = nitrate; 4 = chlo-
ride; 5 = carbonate; S = switching peak. Spikes: 1 = 0.1 mg/l
fluoride; 2 = 0.1 mg/l acetate; + = 0.1 mg/l butyrate; 3 = 0.1
mg/l formate; 6 = 0.3 mg/] nitrite; 9 = 0.1 mg/l phosphate.

to be very exact and can also be done manually just
using a watch.

Compared with the separation on column C,
alone (Fig. 4), there is a time saving of almost 50%
and additionally the separation of chloride and
carbonate, which may be very important, e.g., in the
application discussed in the following section.

Application

After optimization of the switching procedure,
several drinking water samples were analysed. A
representative sample is shown in Fig. 5. There is no
interference between chloride (peak 4) and
carbonate (peak 5). The spiked sample (Fig. 6)
shows a good separation of fluoride (peak 1, 0.1
mg/1 spike) from the organic acids acetate (peak 2,
0.1 mg/1 spike), formate (peak 3, 0.1 mg/l spike) and
butyrate (peak 2*, 0.1 mg/1 spike). Phosphate (peak
9, 0.1 mg/1 spike) and nitrite (peak 6, 0.3 mg/1 spike)
can also be measured with no problems in less than
20 min.
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CONCLUSIONS

The example shown in this paper demonstrates
the usefulness of column switching in ion chroma-
tography. There are no significant adverse effects
from the additional switching device and the very
easy set-up, optimization and automation make this
method very practical.
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