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INTRODUCTION

Capillary zone electrophoresis (CZE) is a rapid,
high resolution method for the determination of inor-
ganic and organic ions. Ions are separated according to
their relative ionic mobilities in an electric field. This
technique relies on indirect photometric detection,
which can be used for the detection of compounds that
have no optical absorbance. Capillary electrophoresis
with indirect detection  has been applied to the analysis
of inorganic anions,1     cations,2 organic acids,3 alkali
metals,4 amino acids,4 and nucleotides.1,5

When using indirect absorbance methods with
CZE,  an absorbing anion or cation is incorporated in
the electrolyte to produce a background signal. Anions
present in the sample will displace the absorbing anion
in the electrolyte and produce a negative peak.
Similarly, cations in the sample will displace an
absorbing cation in the electrolyte. Unlike direct
absorbance CZE, this technique does not allow for the
simultaneous detection of anions and cations in the
same sample.

EQUIPMENT

Dionex Capillary Electrophoresis System I (CES I)

AI-450 Chromatography Workstation or other data
acquisition system

REAGENTS AND CONSUMABLES

Dionex OnGuard™ A cartridge

Pyromellitic acid (95% or higher)

Hexamethonium bromide

Sodium hydroxide, 50% w/w

Triethanolamine

CONDITIONS

Buffer: 2.25 mM Pyromellitic acid (PMA),
6.50 mM sodium hydroxide
(NaOH), 0.75 mM hexamethonium
hydroxide (HMOH),

1.6 mM triethanolamine
(TEA)

Capillary: 50-µm I.D. x 375-µm O.D. x 50-cm
total length (45 cm to detector)

Injection: Gravity, 100 mm, 30 s

Polarity: (–); detector side anodic

Detection: UV, 250 nm (indirect)

Temperature: Ambient

Control Mode: Constant voltage, 30 kV

PREPARATION OF SOLUTIONS

Electrolyte Concentrate:

22.5 mM PMA, 65 mM NaOH, 16 mM TEA

Add 1.19 g of TEA to approximately 400 mL of
deionized water in a 500-mL volumetric flask and mix
thoroughly. Add 2.58 g of 50% (w/w) NaOH to the
solution and mix. Add 2.86 g of PMA and sonicate the
flask in an ultrasonic bath, swirling frequently, for 10
minutes or until the PMA is completely dissolved. Add
deionized water to bring to a final volume of 500 mL.

Flow Modifier Concentrate:

25 mM Hexamethonium Bromide

In a 100-mL volumetric flask containing about 50
mL of deionized water, dissolve 0.95 g of hexametho-
nium bromide. Dilute to a final volume of 100 mL.
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Operating Buffer:

2.25 mM PMA, 6.50 mM NaOH, 0.75 HMOH, 1.6 mM TEA

In a 250-mL volumetric flask containing 150 mL of
deionized water, add 25.0 mL of the electrolyte concen-
trate. Prepare an OnGuard A cartridge by washing it
with 10 mL of 1 M NaOH followed by 10 mL of
deionized water. Fill a 10-mL syringe with the flow
modifier concentrate and slowly force the solution
through the prepared cartridge, discarding the first 2.5
mL. Slowly deliver the remaining 7.5 mL directly to the
solution in the flask. Dilute the solution to a final
volume of 250 mL with deionized water. Using a
calibrated pH meter, verify that the final pH is 7.5–7.9.
If the pH is outside this range, repeat the preparation.
Vacuum filter this operating buffer through a 0.45- m
filter.

SAMPLE AND CAPILLARY PREPARATION

Samples are diluted with deionized water to yield
concentrations of approximately 10 mg/L or less of the
anion(s) of interest. Sample overloading may lead to
skewed peak shapes. The capillary is initially activated
with 0.5 M sodium hydroxide for approximately 10
minutes, after which the capillary is rinsed at least twice
with operating buffer. To achieve the migration times
given in Figure 1, the capillary must be fully equili-
brated with the buffer. One or two runs are usually
adequate to accomplish this.

DISCUSSION

The speed of the separation of anions is dependent
on:  1) choosing an absorbing background ion, such as
pyromellitate, that is highly mobile; 2) using reverse
polarity (i.e., (–) polarity, detector side anodic); and 3)
protecting the silanol groups of the capillary wall with a
cationic flow modifier, such as hexamethonium.
Without the modifier in the buffer, anions would
migrate much more slowly due to the opposing
electroosmotic flow. Hexamethonium salts are
commercially available as either the chloride or
bromide. The presence of chloride or bromide in the
buffer will compromise the quantification of that anion.

Peaks:

1. Dithionate 3 mg/L

2. Thiosulfate 5

3. Bromide 8

4. Chloride 3

5. Sulfate 3

6. Nitrite 3

7. Nitrate 3

8. Molybdate 5

9. Azide 4 mg/L

10. Thiocyanate 3

11. Chlorate 3

12. Fluoride 0.5

13. Bromate 3

14. Formate 2

15. Phosphate 3

16. Phthalate 10

Figure 1 CZE profile of anion standards.
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Figure 2 CZE profile of common anions.

Peaks:

1. Bromide 1 mg/L

2. Chloride 1

3. Sulfate 1

4. Nitrite 1

5. Nitrate 1

6. Fluoride 1

7. Phosphate 1



To avoid this problem, hexamethonium bromide is con-
verted to the hydroxide form by using the OnGuard A
as described in Preparation of Solutions.

Figure 1 illustrates the application of this technique
to a variety of anions. Figure 2 illustrates the separation
of seven common anions at 1-mg/L concentrations.

Efficiencies range from a low of 44 000
for fluoride to a high of 165 000 for sulfate. Figures 3
and 4 are electropherograms of the analyses of drinking
water and waste water, respectively.

Gravity injections are used throughout because this
mode of injection has the high precision of
electromigration, but is nondiscriminatory, unlike
electromigration where the relative amounts of anions in
the injection differ from the sample. Under the injection
conditions used here, approximately 10 nL of a dilute
aqueous sample is introduced. An analyte concentration
of 1 mg/L represents about 10 pg of analyte actually
injected. Electromigration may also be used for injec-
tion, but in addition to preferential injection of the more
mobile anions, the mass injected of a given anion
depends on the total ionic strength of the sample (i.e.,
on the concentrations of other ions present).

The reproducibility in migration time for CE is
typically less than 0.5% RSD. The r2 value was 0.999 or
better for bromide, chloride, sulfate, nitrite, nitrate,
fluoride, and phosphate when measured from the
minimum detection limit (MDL) to 10 mg/L. Above 50
mg/L, peaks tended to broaden and adjacent peaks were
poorly resolved. Detection limits for these anions are
0.1 to 0.6 mg/L with the direct injection procedure
listed in Conditions. Concentration detection limits can
be lowered by using a higher or longer gravity injection.

REFERENCES

1. Gross, L.; Yeung, E. J. Chromatogr. 1989, 480,
169-178.

2. Kuhr, W.; Yeung, E. Anal. Chem. 1988, 60,
1832-1834.

3. Foret, F.; Fanali, S.; Ossicini, L.; Bocek, P.
J. Chromatogr. 1989, 470, 299-308.

4. Gross, L.; Yeung, E. Anal. Chem. 1990, 62, 427-
431.

5. Kuhr, W.; Yeung, E. Anal. Chem. 1988, 60,
 2642-2646.

Peaks:

1. Chloride 39 mg/L

2. Sulfate 27

3. Nitrate 1.2

4. Unknown –

Figure 4 CZE analysis of a waste water sample diluted to 1/
20 with deionized water. Concentrations are for the diluted
sample.

Peaks:

1. Chloride 15 mg/L

2. Sulfate 8

3. Nitrate 3.0

4. Unknown –

5. Phosphate 1.5

Figure 3 CZE analysis of a drinking water sample.
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