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dilution of the stock solution in the eluent being used. The limited stability of the
bisulfite ion in aqueous solutions [8] required that the standards containing this ion
also contain a preservative. In the low pH eluent studies the bisulfite ion was preserved
by the addition of formaldehyde to give a final concentration in the sample of 0.2%
(v/v). Under these conditions, the bisulfite ion is chromatographed as the hydroxy-
methanesulfonate ion. .

RESULTS AND DiSCUSSION

Selection of analytes, eluents and stationary phases
In order to systematically evaluate the suitability of linear retention models for

predicting solute retention times, an experimental design was formulated to permit the
acquisition of extensive retention data for a variety of anions, eluentsand stationary
phases. Table I shows the scope of this study. The range of analytes covers most of the
common inorganic anions, and includes some species (such as phosphate, oxalate,
carbonateand nitrite) which show changes in form as the pH is altered. Similarly, the
eluents cover most of those commonly used in non-suppressed IC and include those
which can be expected to show prominent pH effects (such as phthalate, benzoate,
carbonate/bicarbonate and phosphate). The stationary phases are representative of
the three main types of substrate used in columns for non-suppressed IC, namely silica,
polystyrene-divinylbenzene and polymethacrylate. It was necessary to impose some
limitations concerning the various combinations of eluents and stationary phase that
could be used. For example, high pH eluents were unsuitable for use with the silica
based column. Table I details the combinations of eluents and stationary phases that

TABLE III

RETENTION TIMES FOR ANIONS USING CARBONATE ELUENT ON A WATERS IC PAK A COLUMN

Concentration (mM): 0.49 0.99 1.49 1.49 1.99 1.98 2.49 2.48 2.99 2.98
pH: 10.3 8.5 8.5 10.3 8.5 10.3 8.5 10.3 8.5 10.3

Fluoride 3.85 7.75 5.76 3.09 4.60 2.46 4.01 2.26 3.70 2.01
Chloride 6.03 12.11 9.47 4.91 7.49 3.94 6.51 3.58 6.01 3.15
Bromide 10.66 24.06 17.42 9.60 13.71 7.14 11.83 6.61 10.86 5.61
Iodide 30.09 53.02 38.62 27.37 26.72 21.31 21.91 18.82 20.56 16.23
Chlorate 11.18 26.68 19.41 10.31 14.99 7.64 12.93 7.07 12.01 6.02
Bromate 5.37 12.61 9.30 4.51 7.33 3.46 6.35 3.34 5.90 2.92
Iodate 3.04 7.42 5.14 2.61 3.72 2.13 3.27 2.00 3.48 1.81
Nitrite 7.95 18.03 13.12 7.77 10.38 5.81 8.92 5.42 8.43 4.64
Nitrate 12.73 26.65 19.72 11.93 15.02 8.65 12.92 8.01 13.35 6.82
Bisulfite 4.20 9.76 7.24 3.53 5.70 2.84 4.98 2.51 4.64 2.32
Sulfite 41.90 49.35 37.34 29.77 24.47 16.81 20.14 14.42 18.97 10.41
Sulfate 42.16 51.51 34.59 29.78 24.08 16.82 19.43 14.39 18.41 10.41
Thiosulfate 79.16 139.98 54.25 82.93 30.60 61.32 27.23 53.05 18.97
Phosphate 36.75 51.05 32.14 23.90 20.62 13.60 16.64 11.49 18.33 8.45
Thiocyanate 57.73 57.33 40.73 50.58 29.83 40.94 24.79 38.32 23.02 20.47
Acetate 3.59 8.92 6.22 3.09 5.53 4.16 2.30 4.10
System 9.23 7.06 5.28 4.65 3.86
Void vol. eq. 0.85 0.81 0.79 0.85 0.80 0.86 0.80 0.84 0.81 0.86
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were employed. Since retention times for each analyte were measured in triplicate,
more than 8500 data points were acquired in this study.

Retention data
The retention times collected for the anions using the various combinations of

eluents and stationary phases are presented in full in Tables II-VIII. It should be noted
that some of the solutes were either unretained or were retained too strongly on the
column to be eluted within a reasonable period of time (i.e. 4 h). In these cases,
retention data are notshown. Tables II-VIII comprise a comprehensive database
which will be used for the evaluation offurther retention models in subsequent papers
in this series.

Applicability of linear retention models
Plots oflog k~ versuslog{E~-} were prepared (where { } represents activity), in

accordance with eqn. 2, for each combination of analyte, eluent and stationary phase.
In each case, the points were fitted to a line of best fit using a linear regression analysis
technique, giving correlation coefficients of 0.98 or higher. The observed slopes of
these plots are presented in Tables IX-XV, together with theoretical slopes calculated
using both the dominant equilibrium approach and the effective charge approach.
These Tables show that neither of the above-mentioned approaches shows good
agreement with the observed slopes.

TABLE IV

RETENTION TIMES FOR ANIONS USING GLUCONATE/BORATE ELUENTS ON TWO COLUMNS
(HAMILTON PRP-XIOO AND WATERS IC PAK A)

Hamilton Waters

Concentration (mM)a: 1.10 1.46 1.83 2.20 2.56 1.10 1.46 1.83 2.20 2.56
pH: 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5

Fluoride 2.15 1.90 1.70 1.63 1.47 2.05 1.78 1.58 1.51 1.49
Chloride 4.37 3.75 3.27 3.07 2.72 3.40 2.85 2.48 2.30 2.30
Bromide 11.15 10.72 8.22 7.33 6.73 5.16 4.29 3.71 3.40 3.35
Iodide 14.23 11.59 9.77 8.90 8.93
Chlorate 26.71 24.24 23.03 17.87 17.70 5.71 4.69 4.05 3.70 3.66
Bromate 5.98 5.09 4.63 4.41 3.81 3.03 2.52 2.26 2.11 2.07
Iodate 2.11 2.07 1.74 1.54 1.46 1.82 1..(j2 1.60 1.17 1.07
Nitrite 6.39 5.69 4.89 4.78 4.00 4.15 3.51 3.04 2.79 2.76
Nitrate 17.30 12.56 13.09 11.86 9.91 6.05 5.06 4.33 4.02 3.85
Sulfite 30.03 20.50 15.04 12.92 10.13 14.29 9.52 6.88 5.67 5.15
Sulfate 30.60 20.57 14.80 12.55 10.10 14.29 9.53 6.89 5.61 5.08
Thiosulfate 72.10 57.03 29.83 30.08 19.90 14.17 11.36 9.91
Carbonate 2.80 2.41 2.11 1.97 1.76 2.61 2.23 1.96 1.83 1.72
Phosphate 17.05 13.62 8.77 7.20 6.02 10.19 6.73 5.03 4.18 3.75
Acetate 2.42 2.41 2.05 1.88 1.67 2.06 1.85 1.68 1.57 1.51
Oxalate 7.38 5.24
System 4.12
Void vol. eq. 0.77 0.82 0.81 0.83 0.82 0.90 0.89 0.88 0.89 0.91

a Refers to gluconate.
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