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SUMMARY 

Suppressor and separator column packings for ion chromatography are de- 
scribed. The suppressor consists of fine cationexchange membrane tubing and an 
outer plastic tubing, which allow continuous operation with minimum peak broaden- 
ing without peak height changes or varying water-dip interference. 

The separator packing uses small-anion latex-bonded styrene-divinylbenzene 
copolymer, which gives a high resolution because of a thin superficial macroporous 
construction_ It is also mechanically rigid and chemically extremely stable. 

lNTRODUCTION 

Ion chromatography, first introduced in 1975 by Small et al.l, is a unique 

combination of a separator with low ion-exchange capa-;:y, a suppressor to remove 
most of the background conductance of the eluent, and a conductivity detector to 
locate the peaks. Since its introduction, ion chromatography has become popular and 
is widely used for the analysis of inorganic anions (and certain cations), because of its 
fine resolution and high sensitivity_ 

Although the adoption of a suppressor column enables superior ion-chromato- 
graphic performance, it also causes the following problems. 

(1) The suppressor column must be regenerated periodically to remove the 
accumulated ions from the eluent stream. As the separated species are re-mixed in the 
void volume: of the suppressor, a loss of resolution (peak broadening) occurs. The 
suppressor volume is always a compromise between regeneration frequency and chro- 
matogram resolution. 

(2) Owing to interaction with the suppressor column, the’peak height of the 
nitrite drastically changes as a function of suppressor exhaustion’. Retention time of 
“water dip” also changes accordingly_ 

For the reasons mentioned above, Gjerde et aL3 proposed to eliminate the 
suppressor by using an anion-exchange resin of very low capacity, and by adopting an 
eluent having a very low conductivity_ This approach is of limited use, however, 
hecause of Its low sensitivity and narrow useful concentration range’. 

This paper describes a new type of ion-chromatographic system for the separa- 
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tion and quantitative determination of anions. Instead of a suppressor column filled 
with cation-exchange resin, a new type of suppressor using a cation-exchange mem- 
brane tubing was deveioped, which enablesan uninterrupted anaiysis and lessens the 
band broadening effect. For the separator cohmm packing a small-anion latex was 
bonded to styrenedivinylbenzene copolymer. With this separator and suppressor 
combination. very sharp anion separations could be achieved and changes of nitrite 
peak heights proved to be minimal. 

EXPERIMENTAL 

Suppressor 
A diagrarmn atic view of a suppressor is presented in Fig. I. It consists of two 

coaxial zubes. The inner tube is made of perfluorosulphonic acid cationexchange 
membrane (DuPont Nafion type 81 IX), which was heated to 15O”C, and stretched to 
lengthen it 3.75 times to make a hne tubing of 0.4 mm I.D. and 0.55 mm 0-D. A 5-m 
length of this resultant tubing wds inserted coaxially into a PTFE tube of 1.0 mm I.D. 

Fluent and separated ionic species flow inside the inner tubing whiie a so-called 
scavenger (aqueous acid) flows outside. As the cationexchange membrane is per- 

From Separator 

Eluent ( 
Nai-tCOz 
NaLOz 

Samote r&Cl C+ion- exchange 

Scavenger i 
DBS-H- 
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wmeybrane tubing 

DBS-Na 

DBS-Na +--Na+ 

- DBS-H 

‘- PTFE Tubing 

To Detector 
Fig. l_ Theor] of operation cf a cation~xcbange membnne tubing suppr+mr. DES-H = dodaylben- 
zzszxifonic aci& DBSNa = sodium dcdccylbenzenesulpbonate_ 
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meabIe to cations but is impermeable to anions, cations in the eluent and samples are 
exchanged with hydrogen ions in the scavenger_ 

Separaior re.Hn 
A strong base anion-exchange resin AG l-X8 (200-400 mesh, chloride form, 

Bio-Rad) was ground and a O-6 g fraction was suspended in 300 ml of methanol and 
centrifuged_ The resultant ion-exchange resin latex was added to 5 g of styrene- 
divinylbenzene copolymer MCLGEL CHP-3C (10 W, Mitsubishi), and the methanol 
was evaporated in a 60°C hot bath. Just before all the methanol had evaporated, 0.25 
g of a mixture of chloromethylstyrene and divinylbenzene (95:5) with 1 oA of a,a’- 
azobis-isobutyronitrije as a catalyst was added and stirred thoroughly. Polymer- 
ization then proceeded for an hour in a 80°C drying oven followed by cooling at room 
temperature. After the beads had been separated, they were aminated with trimetnyl- 
amine. 

The final product was washed with methanol. water, 1 &.f HCl. and water. 

Flow system 
The chromatographic system used is shown in Fig. 2. The sparator, sup- 

pressor and detector are enclosed in a temperature-controlled oven at 40°C to prevent 
temperature fluctuations. 

SV- Waste 

Fis_ 2. Flow diagram. Eluent pump, LDC Model 396 Minipump; damper. Waters low-pressure filter: 
injector, rheodyne 7125: scavenger pump, Iwaki EP diaphragm pump; detector. YEW conductivity de- 
tector: oven temperature, 40°C. 

Unless otherwise noted, the eluent used is 0.004 &I Na&U, and 0.004 &4 
NaHCO,, and the scavenger is 0.05 1ci dodecylbenzenesulphonic acid (DBS). The 
flow-rate is 2 ml/n& for both eluent and scavenger. 

Standard sample solutions were prepared from reagent grade sodium salts 
containing 5 ppm fluoride, 10 ppm chloride, 15 ppm nitrite, 30 ppm phosphate, 10 
ppm bromide, 30 ppm nitrate, and 40 ppm sulphate. 

A conventional Dionex 30829 (100 x 9 mm I.D.) suppressor column packed 
with cationexchange resin was used for comparison_ 
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RESULTS AND DISCUSSION 

suppressor 
The effect of the suppressor was examined without a separator column by 

injecting 100 fi of 200 ppm chloride ion, Crst with water flowing instead of scavenger 
and then with 0.05 M DBS as scavenger. Background conductance decreased sign& 
cantly from 1.5 mS/cm to 30 @,/cm as soon as the scavenger was used, because sodium 
carbonate and sodium bicarbonate were converted into carbonic acid which has low 
conductivity. At the same time, the peak height of the chloride ion increased 2.5 times 
because sodium chloride was transformed into hydrochloric acid (see Fig. 3). 

cr 200~~ 

I / 
mmscavwrqer 

-_-Ii / 
j4 

ii:‘0 Zmljmin 

lmin 
- 

\ 

:I- 200ppm 

Scavenger 
O.OSM DBS-H 

Zmi/min 

I 
L 

Time 

Fig_ 3_ Effzct of the tubin_e suppressor_ 

The dependence of the peak height on the tubing Iengtb was investigated by 
injecting 100 ~1 of 10 ppm chloride ion with a scavenber flow-rate of 2 ml/ruin. The 
resuhs (Fig 4) reveal that 5 XII of tubing are sufficient for an eluent with a flow-rate of 
2 mlimin and that peak broadening occurs with longer tubing lengths. For an eluent 
with higher flow-rate or higher concentration, the flow-rate of the scavenger should 
be changed accordingly. 

The scavenger used can be any aqueous acid as long as &I ideal cation-ex- 
change membrane is used_ But, in practice, the leakage of scavenger into the eluent is 
inevitable, and therefore the molecular weight of the scavenger should be as large as 
possib!e. At the same time, it should not be corrosive, toxic, or dangerous_ 
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Fig. 4. Relationship of peak heigbt to tubing ien_& following injection of IO0 {d of 10 ppm chloride. 

DBS and nitric acid were compared as scavengers in regard to background 
conductance and peak height by injecting 100 ~1 of 10 ppm chloride ion Fig. 5 
illustrates the changes in peak height and background conductance as a function of 
scavenger concentration_ For the same concentration level, nitric acid has higher 
background conductance than DBS. Another experiment showed that hydrochloric 
acid acts the same as nitric acid as a scavenger_ 

Separator 
The ion-exchange capacity of the separator resin was found to be 0.035 

mequiv./g. This can be easily adjusted by changing the amount of latex. The resin was 
washed several times with 1 M HCl, 1 M NaOH, methanol, and acetone, but no change 

in ion-exchange capacity was found. The resin was packed into a column and then 
removed. The procedure was repeated three times but no change in ion-exchange 
capacity was observed_ Thus, the packing resin for a separator column proved to be 
chemically stable and mechanically rigid. 

The resin was packed into a stainless steel column (250 x 4.6 mm I.D.) with a 
dynamic packing technique. A chromatogram combining the separator and sup- 
pressor is shown in Fig. 6. The seven anions were separated within 10 min. Theoret- 
ical plate numbers including suppressor, are 1800 for chloride and 1100 for sulphate. 
Fig. 7 illustrates the relationship between HETP and eluent flow-rate. The HETP 
value includes the suppressor for experimental and practical reasons_ The HETP 
change of the sulphate when the eluent now-rate changes from 2 to 4 ml/min is ca. 
25 %_ This enables fast analysis (7 anions within 5 min) with minimum chromatogram 
deterioration. 

Fig. 8 illustrates a chromatogram for seven anions at low concentrations. The 
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Fig_ 7. Relationships between height equivalent to a theoretical plate (HETP) 2nd eluent flow-rzzte_ 
Measurements include tubing suppressor. 

0 2 4 6 8 10 mic 

Fig. 8_ Chromatogram with low concentrations oi anions. injection volume_ 100 @I_ 
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Concentrarion [ppmj 
Fig- 9. Calibration curves for chloride. nitrite. and sulphate- Injection volume, 100 d_ 

I I 1 1 I 
0 1 4 6 8 10 & 

Fig. IO. Chrornatogram for a=tatc and fxmate. Elucnt, 0.015 M Ba?B,O,; flow-rate 2 ml/~&; injection 
volume, 1al ‘ul_ 



Fig_ 11. Change of retention times with eluent pH. The pH of the eluent was adjusted by adding sodium 
bicarbonate or sodium hydroxide to 0.004 M Na2C0,_ 

sample was diluted with an eluent to avoid a “water dip”. Detection limits are 5 ppb* 
for chloride and 20 ppb for sulphate, when the signal-to-noise ratio is set to 2. Fig. 9 
shows the linearity and dynamic range of some typical anions. 

Eluents 
Eluent with O.ClU4 M Na,CO, and 0.004 M NaHCO, was used under standard 

conditions because of its intermediate afhnity for the separator resin and safety as- 
pects. For species with high affinity such as chromate or iodide, the eluent concentra- 
tion was increased by a factor between 2 and 10 with increased scavenger flow-rate. 
Organic auions with Iow- afhnity that elute between fluoride and -chloride can be 

. 
* Throu&out this article, the American billion (lo!?) is meant. 
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Fig_ iZ_ Chromaro_m of seven anions using a conventionai packed suppressor just after regeneration. 
Conditions are the same as Fig_ 0 except the suppressor. 

. 
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Time UIOWI 

Fig_ IL (a) Changes of peak heights of chloride. nitrite, phosphate, and suiphate with the tubing sup- 
pressor. Injection vo!umc, 100 fl. (b) Chanp of peak heights of the same four anions with a conventional 
suppressor from regeneration to full exhaustion_ (Full exhaustion occurs only with the conventional sup- 

p=sW 
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separated with eluents of low eluting power. Fig. 10 shows the separation of acetate 
and formate using O-0 15 M Na,B,O, as an eluent. 

The effect of retention time changes were investigated by varying the pH of the 
eluent (Fig. 11). The pH was adjusted using NaOH and NaHCO, while the concen- 
tration of Na&O, was held constant. ‘ 

Comparison with comentional suppressor 
A comparison was made between an ion-exchange membrane tubing sup- 

pressor and a conventional suppressor packed with cation-exchange resin, while 
using the same separator, eluent, standard sample solution, and flow system. Chro- 
matograms are shown in Fig. 6 for a tubing suppressor and in Fig. 12 for a conven- 
tional packed suppressor. Note that peak broadening with a tubing suppressor is 
minimal while peak heights showed a 50% increase. 

Fig. 13 illustrates the change in peak heights for each suppressor under identi- 
cal conditions. The change of nitrite peak with a conventional packed suppressor is so 
large that it is almost impossibIe to quantify the nitrite ions. This phenomenon is due 
to interaction of the sample with cationexchange resin in the unexhausted portion of 
the suppressor column. This interaction is a function of suppressor exhaustion_ in a 
tubing suppressor, equilibrium between exhaustion and regeneration is established 
and peak heights remain resonably constant for a considerable time. 

Changes in retention time of the water dip (negative peak against a baseline of 
carbonic acid) are plotted in Fig_ 14 for a conventional and a tubing suppressor. With 
a conventional suppressor, the water dip moves and interfere with nitrite, chloride 
and fluoride peaks as a function of suppressor exhaustion. This upsets the quantifi- 
cation of those ions especially when the concentration is low. In a tubing suppressor 
the water dip interferes with the fluoride peak but this interference remains constant. 
In both cases, the water dip can be avoided by adding the same amount of sodium 
bicarbonate and sodium carbonate as eluent to the sample solution_ 

Time (hour) 

Fig- 14. Change of conventional sappreshr water-dip retention time in relation to tubins suppressor. 



CoNCLI_sION 

An ion-exchange membrane suppressor enables cuntinuoul chrclmato_m 
operation_ Wide choice of eluent, eluent concentration and eluent flow-rate become 
possible without the annoying problems related to regeneration such as time d--pen- 
dence of water dip and nitrite peak height changes. 

The thin superficial macroporous packing resin cor_lbined with a tubing sup- 
pressor allows fast analysis. 

An anion suppressor for cation anaiysis is now under development. 
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