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SUMMARY 

In trace analysis an enrichment has to be carried out in general. In order to 
achieve an enrichment the trace components have to be transferred to a volume which 
is orders of magnitude smaller than the original one. Such a process is displacement 
chromatography which has not yet been investigated systematically as enrichment 
procedure. 

In the present paper the fundamentals of enrichment by means of adsorption 
chromatography are discussed theoretically and investigated experimentally. The 
relationship between the enrichment factor and the change of the distribution 
coefficient is discussed for gradient elution and displacement chromatography. The 
limiting volume to which a trace component can be condensed is shown to be de- 
pendent on the mixing characteristics of the column. It is demonstrated that enrich- 
ment factors of the order of ten thousand can be obtained for polar as well as non- 
polar compounds using adsorbents with hydrophilic and hydrophobic surfaces, 
respectively. 

IN-i-RODUCl-ION 

In trace analysis, very often an enrichment has to be carried out, otherwise the 
signals attainable from the initial trace concentrations would remain below the base- 
line noise level of the measuring instrument. In enrichment from liquids, the trace 
compounds are finally concentrated in a volume of solution that is aimed to be several 
orders of magnitude smaller than the original volume. Evaporation, extraction and 
adsorption followed by extraction of the adsorbent are the most widely used enrich- 
ment techniques. The most efficient means of exploiting the distribution between two 
phases for the enrichment of components would be expected to be chromatography. 

Chromatographic enrichment techniques of trace species have been applied in 
the past to liquids14 as we11 as to gasesg, but no systematic investigation or optimiza- 
tion of the procedure has been undertaken. The following characteristics have to be 
considered in the design of enrichment techniques: magnitude of the enrichment 
factor, degree and reproducibility of the yield, speed of operation, reliability of the 
apparatus, capability of automation and cost. 

An enrichment of components by chromatographic techniques can be achieved 
in principle by non-isocratic elution methods as well as by the displacement method. 
The most commonly used enrichment techniques in elution chromatography are based 
on the increase in temperature in gas chromatography and the generation of a suitabie 
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solvent gradient in liquid chromatography. In the chromatographic enrichment of 
trace components from liquids, the highest enrichment factors may be expected with 
the displacement technique, and this method was c&sen therefore to be studied 
systematically. 

THEORETICAL 

In chromatography, the isocratic elution technique with pulse injection of the 
sample is usually used. In this technique, in principle the components of the sample 
mixture can be compIetely separated from each other but at the same time they are 
diluted with the eluent and, at the end, the concentration of the sample component 
has decreased. 

In order to obtain an increase in the concentration of the sample components 
in chromatography, non-isocratic techniques have to be applied. Generally in gas 
chromatography the temperature of the column is increased during the separation in 
order to obtain an enrichment of sample components. In liquid chromatography the 
composition of the liquid phase fed to the column is changed in such a way that the 
sorption of the sample components by the stationary phase decreases_ The change in 
the composition of the influent to the chromatographic column can result in two modes 
of chromatography: gradient elution and displacement, the latter being a limiting 
case of the first. 

In Fig. 1, isocratic elution, gradient elution and displacement chromatography 
dre shown schematically for a single component assuming a square-wave sample input 
and a step-wise change of the composition of the soIvent. 

. 

Fig. i. Schematic representation of different types of chromatography. 
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Fig. 4. Influence of the amount of trace species on its final concentration. Column, LiChrosorb 
SI-60 (5 Jrm); sample, 50 ml of p-cresol solutions in cyclohexane containing different amounts of p- 
cresol; displacer. dioxane; flow velocity, 0.6 mmjsec. 

Fig. 5. Displacement chromatography on an overloaded column. Column, LiChrosorb Si-60 (5 pm); 
sample, 6.25 ml of DBA dissolved in 2,2,&rimethylpentane, concentration 1 mg/I; displacer, di- 
chloromethane; flow velocity, 1 mm/set. 

TABLE IV 

LOAD CAPACITY OF THE COLUMN 

Column, LiChrosorb SK60 (5 pm); void volume, 1.84 ml; sample, 2.5 ml of DBA solution in 2,2,4 
trimethylpentane; breakthrough volume, 6.79 ml; displacer, dichloromethane. 

Load volume Light absorption Absorption/volume Difference of 

(ml) (absorbance units) (absorbance writs/ml) absorption 
(absorbance units) 

1.25 - 0.026 0.021 
2.5 0.057 0.023 0.03 1 
3.75 0.085 0.023 0.028 
5.0 0.115 0.023 _’ 0.030 
6.3 0.122 0.019 0.007 

RP-18 (5pm) was chosen as column packin, a material and dioxane as the displacer. 
The column was loaded with 250 ml of an aqueous solution saturated with DBA. 
After the displacement, DBA was found to be concentrated quantitatively in 0.2 ml, 
correspqnding to an enrichment factor of 1250. 

I 
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Phenqls in I23xhm72-60ns. The enrichment is demonstrated for a solution of p- 

cresol in cyclohexane. LiChrosorb SI-60 @pm) was chosen as the column packing 
material and dioxane as the displacer. The column was loaded with 520 ml of a test 
solution containing 10 mg/l of p-cresol. As a result of the displacement; p-cresol was 
concentrated quantitatively in a volume of 0.1 ml, which corresponds to an enrich- 
ment factor of 5200. 

Bzrichnzent fronz below t/ze detection iinzit. The detection of a constituent 
which cannot be directly measured because of its low concentration is shown in 
Table V. A highly diluted solution of DBA in water was prepared and the UV 
absorbance at 298 nm was measured before and after enrichment by. displacement 
chromatography. Although the fraction from the chromatographic displacement 
column had to be diluted because of the cell volume of the spectrophotometer, the 
trace component could be easily detected after chromatographic enrichment, which 
was not possible before. 

TABLE V 

ENRICHMENT OF A POLYNUCLEAR AROMATIC HYDROCARBON TRACE SPECIES 
IN WATER OF A CONCENTRATION BELOW THE DETECTION LIMIT 

Column, LiChrosorb RP-18 (5 /cm); displacer, dioxane. 

Sample enrichment . Absorbance (-798 rm) 

Original sample: 5tJo ml of water containing 225 rig/l of DBA OSMO 
Sample enriched by displacement: 0.3-ml fraction collected and diluted 

to 3 ml 0.020 
-- 

Storage time. In the practice of trace analysis, often the sampling has to be 
undertaken in the field and the analysis is carried out some time later in the laboratory. 
If a large sample volume has to be taken, it will be convenient to reduce the volume 
at the sampling site and to store the sample in a small container. This aim can be 
achieved by using a storage column to which the trace compounds are transferred by 
pumping through the large sample volume. It is important that the trace compounds 
are held in the storage column for some time without significant dispersion. Table VI 
shows the result of the enrichment by displacement chromatography applied after 
different storage times. It can be concluded that trace compounds can be stored for 
several days without significantly reducing the enrichment effect. 

TABLE VI 

INFLUENCE OF STORAGE TIME IN THE COLUMN ON THE PEAK WIDTH OF THE 
DISPLACED COMPOUND 

Sample, 200 ml of pcresol in cyclohexane; column, LiChrosorb SI-60 (5 jrm); displacement solvent,. 
dioxane. 

Stonige the Output peak 
in colttm~z width (ml) 

lh 0.2 

I day 0.7 

3 days , 0.2 (slight tailing) 
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Cohmn regeneration. In practice, not only the time for a single analysis is 
important but also the time required to prepare the system for the next analysis. In 
displacement chromatography, the regeneration of the coIumn requires the replace- 
ment of the displacer solvent with the sample solvent. Sometimes the regeneration 
succeeds more rapidly by using an intermediate solvent between the displacer and 
sample solvent. The regeneration of a LiChrosorb SI-60 column operated with di- 
oxane as displacer can be performed with cyclohexane or 2,2&trimethylpentane 
directly using about 10 time% the column void volume. A LiChrosorb RP-18 column 
operated with dioxane as displacer can be regenerated with water with about 10 col- 
umn void volumes if methanol is used as an intermediate solvent; otherwise the 
regeneration volume would be significantly higher. These examples show that the 
regeneration volume and regeneration time, with proper execution of the regeneration, 
are only small fractions of the loading voIume and loading time in enrichment dis- 
placement chromatography_ 
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