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SUMMARY 

High-performance systems for ion-pair chromatography that permit the de- 
tection of down to 7 pmole (about 1 ng) of non-UV-absorbing samples have been 
constructed, the high detector response being obtained by using a stationary phase 
containing a counter ion of high absorbance. 

Amino acids, dipeptides and alkylamines are separated with naphthalene-2- 
sulphonate as counter ion. The systems have a high selectivity, and a change of the 
amino acid sequence if often sufficient for a complete chromatographic resolution of 
dipeptides. 

A comparison with batch extraction data showed that the retention of the 
cations, except the most hydrophobic, is due mainly to liq&-liquid distribution. 

The naphthalene-Z-sulphonate systems have a very high stability under careful 
thermostatted conditions. 

Systems for the separation of anionic compounds with highly absorbing 
quatemary ammonium ions in the stationary phase are being investigated. 

INTRODUCTION 

The isolation of nanogram amounts of organic compounds from complex 
samples is of rapidly increasing importance in many fields such as biochemical and 
pharmacological investigations and studies of pollution and occupational exposure. 
Liquid-liquid chromatography based on ion-pair distribution, i.e., ion-pair chro- 
matography, is a valuable technique in such studies owing to its high selectivity and 
high sample capacity’ J_ 

By ion-pair distribution of an ion, Q*, a counter ion, X-, is added to the 
aqueous phase and the ion pair, QX, is extracted into an organic phase: 

* Present address: Laboratoire d’Analyse des MCdicaments, Institut de Pharmacie, Universite de 
Li&e, Rue Fusch 5, B-4001) Like, Belgium. 
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The distribution system is highly versatile and can easily be adapted to different kinds 
of samples by changing the nature and the concentration of the counter ion. 

One of the major advantages of ion-pair chromatography is that a considerable 
increase in the detector response can be obtained by a proper choice of the counter 
ion. The photometric detectors used in liquid chromatography have a very high 
sensitivity and the ion-pair chromatographic technique offers excellent possibilities 
for a high detector response by using a counter ion of high molar absorptivity at the 
measuring wavelength. The principle has been applied for determining small amounts 
of acetylcholine and alkylammonium ions with picrate a@ aromatic sulphonates as 
count.er ions3-5. For anions of carboxylic acids, quatemized cations containing highly 
conjugated ring systems have been used as counter ion@. 

The amplification procedures mentioned above were used in systems with 
cellulose as the support for the stationary phase containing the highly absorbing 
counter ion. 

In this paper, methods are given for the preparation of high-performance 
liquid chromatographic (HPLC) systems containing highly absorbing counter ions 
that permit the detection and determination of a few picomoles of substances with a 
low or no absorbance such as dipeptides, amino acids, alkylamines and sulphonates. 
The stabi!ity, separating efficiency and seIectivity of the systems is demonstrated. 

EXPERIMENTAL 

Apparatus 
The detector was a Model 440 UV monitor (Waters Assoc.) with a 12.5-,IXI 

cell, or a Model 1203 UV III monitor (Laboratory Data Control) with an S-p1 cell. 
The measuring wavelength was 254 nm in both instances. The pump was a Laboratory 
Data Control Model 711-26 solvent delivery system comprising a Milton-Roy 
Minipump and a pulse dampener. The injector was a high-pressure valve from Valco 
Instruments_ 

The coiumns were made of 316 stainless steel with a polished surface, length 
150 mm, I.D. 4.5 mm, equipped with modified Swagelok connectors and Varian 
stainless-steel frits (2 pm). Punched PTFE fiIters, Mitex Type LS (5 pm) from Milli- 
pore, were fitted on both sides of the frits. 

The photometric measurements in the partition studies were performed with 
a Zeiss PMQ II Spektralphotometer. The pH measurements were made with an 
Orion Research Model 801 digital pH meter equipped with an Ingold Type 401 com- 
bined electrode_ 

Chemicals and reagents 
LiChrospher SI-100 (10 pm), obtained from E. Merck (Darmstadt, G-F-R.), 

was used as the chromatographic support. 
l-Pentanol was of Fischer Scientific (Pittsburgh, Pa., U.S.A.) A.C.S. quality. 

Only batches with a residue after evaporation of 0.001% and Color 10 were used. 
Chloroform was of pro anaiysi quality from Merck. 

Naphthalene-2-suiphonic acid, sodium salt, was obtained from Eastman- 
Kodak (Rochester, N.Y., U.S.A.). Aqueous solutions, used as stationary phases, 
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were purified by repeated extraction with chloroform-1-pentanol (9:l) until the 
extract had a constant absorbance. 

N,N-Dimcthylprotrlptyline bromide was synthesized from protriptyline ac- 
cording to Borg and transferred to phosphate and purified according to LagerstrSm6. 

The amines and the amino acids were mainly obtained from Fluka (Buchs; 
Switzerland). The amines were distilled and converted into chlorides before use. The 
dipeptides were obtained from Sigma (St. Louis, MO., U.S.A.) and Serva (Heidel- 
berg, G-F-R.). 

All other substances were of analytical-reagent grade and used without further 
purification. 

The buffers that were prepared from phosphoric acid and sodium phosphates 
had an ionic strength of 0.1. 

The columns were packed by a balanced-density slurry technique with tetra- 
chloroethane as the suspending medium. After packin,, = n-hexane was passed through 
the column to remove the suspending liquid. 

The columns were first tested in the adsorption mode with pz-hexane-I-butanol 
(199: 1) as the mobile phase. The interstitial volume was determined with toluene, 
which is unretained in this system. Determinations made on several column gave a 
porosity of 0.77 + 0.01. The efficiency was tested with some retained samples 
(1,44nitrobenzene and 2,4-dinitrotoluene). 

CoIui.m~ coating 
Two different coating techniques were used. In both instances the columns 

were eluted with acetone before applying the aqueous phase on the support. The 
whole procedure was usually carried out at a flow-rate of 1.0 mI/min, i.e., the same 
rate as that used in the analytical experiments. The flow-rate was reduced when the 
pressure tended to increase above 10 MPa. 

(I) Injection technique. Mobile phase (chloroform-l-pentanol, 5-15 %, not 
equilibrated with the stationary phase) was pumped through the column. The sta- 
tionary phase was introduced in IO-30-~1 portions with intervals of l-2 min between 
the injections. The application of stationary phase was stopped as soon as water 
droplets appeared in the detector_ A change to mobile phase, equilibrated with 
stationary phase, was then made and recycling of the mobile phase started. 

By change of the coating, the column was eluted with ethanol followed by 
phosphate buffer (PH 2), water and finally acetone. The column was then re-equil- 
ibrated with mobile phase and coated with the new stationary phase as given above. 

(2) Pumping technique. The detector was disconnected and 50 ml of stationary 
phase were pumped through the column, followed directly by mobile phase, saturated 
with stationary phase. When no dropiets of water could be observed in the eluate, 
the detector was connected and recycling of the mobile phase started. 

By change of coating, the column was eluted with ethanol followed by phos- 
phate buffer (PH 2) The application of the new stationary phase was then started. 

The columns were ready for use when retained samples showed stable capacity 
ratios and a high separating efficiency (H < 0.1 mm at a mobile phase flow-rate of 
2.5 mm/se+. In order to ensure stable conditions during the recycling, the reservoir 
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Fig. 8. Separation of hydrophobic alkylamines. Mobile phase: chloroform-l-pentanol (19:l); 2.5 
mmiseq4.5 MPa. Stationary phase: naphthalene-2-sulphonate,O_Ol A#, pH2.1 .Support: LiChrospher 
SI-100 (IOpm). Samples: 1 = N,N-dimethyloctylamine (26 ng); 2 = N-methyloctylamine (24 ng); 
3 = Di-rz-butylamine (46 ng); 4 = n-octylamine (16 ng); 5 = rerf.-octylamine (54 ng). 

stationary phase was observed, Vs/V, decreasin g from 1.0 to 0.4 during the passage 
of 15 1 of mobile phase. 

Tests with samples of sulphonates and sulphates showed that the decrease in 
V, was accompanied by a significant increase in k’ (Fig. 9). Good column efficiency 
could not be obtained (II > 0.15 mm) and a considerable increase in H was observed 
during the recycling. 

It has been reported9 that silica supports have a strong tendency to adsorb 
quaternary alkylammonium ions from the stationary phase and acquire a hydro- 
phobic character. Elution of the stationary phase after passage of about 15 1 of mobile 
phase showed that the amount of MPT in the stationary phase had increased about 
20-fold. The capacity ratios found were much higher than those calculated from e& 
traction constants and the nominal counter ion concentration, and the separation 
factors were considerably lower than expected (cf-, ref. 9). 

Adsorption on silica. The adsorption of different quaternary ammonium ions 
on silica was studied on suspensions of the micro-particles in aqueous solutions, using 
a shaking time of 30 min, which was sufficient for equilibrium to be reached. 

The influence of pH on the adsorption of MPT is demonstrated in Fig. 10. 
A drastic increase in the amount adsorbed occurs at about pH 7, which is close to 
the assumed pK, value of silica19g. 

The addition of competing quaternary alkylammonium ions (tetramethyl-, 
tetraethyl-, tetrapropyl- and trimethylnonylammonium, choline and carbacholine) 
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Fig. 9. Variation of the capacity ratio on dimethylprotriptyline columns. Mobile phase: chloroform- 
I-pentanol(19: 1). Stationary phase: dimethylprotriptyline, 0.025 iU, pH 6.5. Support: LiChrospher 
SI-100 (IOpm). Samples: 0 = n-butyl sulphate; [7 = n-butane sulphonate; A = toluene 4-s& 
phonate. 

decreased the adsorption of MPT in batch experiments but tests on-column did not 
indicate a significant improvement of the stability_ 

It seems that the adsorption increases with increasing hydrophobic character 
of the quatemary ammonium ion, bnt other structural features appear to be even 
more important, as columns with a high and stable V’ as well as stable k’ and I-I < 0.1 
mm were obtained with tetrabutylammonium (0.025 al, pH 6.5) as stationary phase. 

Tests with other quaternary ammonium ions with high W absorbance are 
in progress. 

1 2 3 4 5 6 7 8 Q PH 

Fig. 10. Adsorption of dimethylprotriptyline (Q+) on silica. Aqueous phase: dimethylprotriptyl 
(1.1 x lo-’ M) in phosphate bufFer (10 ml). Solid phase: LiChrospher SI-100 (IOpm) (OX? g). 
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