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SUMMARY

Liquid-iiquid chromatographic systems based on ion-pair partition with silica
microparticles as the support for the stationary phase have been used for the separa-
tion of anionic compounds of biochemical and pharmacological interest.

A high separating efficiency can be obtained with both aqueous and organic
mobile phases and the retention is easily regulated by the nature and the concentration
of the quaternary ammonium counter ion, present in the aqueous phase. The influence
of the composition of the liquid phases on the selectivity and separating efficiency has
been studied, as well as equilibration methods and the stability of the systems.

Examples are given of separations of sulphonamides, barbiturates, glucuronic
and sulphuric acid conjugates of steroidal compounds and phenols, glycine conjugates
of carboxylic acids {hippuric, nicotinuric and salicyluric acid) and anionic metabolites
of biogenic amines (indoleacetic, benzoic, mandelic and phenylacetic acid derivatives).

INTRODUCTION

Metabolic changes of drugs and related compounds will often give rise to an
increase of their hydrophilic character, which increases their tendency to be excreted
from the organism, and these processes often lead to the formation of acidic or
anionic compounds. Carboxylic acids can be formed by oxidative deamnination of
aliphatic amines, as in the metabolism of serotonine and catecholamines, and by the
hydrolysis of esters. Aromatic hydroxylation is another important pathway in the
metabolism and the hydrophilic character can be further increased by conjugation
with sulphuric or glucuronicacid. Alcohols can undergo the same processes. Carboxylic
acids caa be conjugated with amine acids such as amincacetic acid (glycine) and
aminoethanesulphonic acid (taurine).

Acids with such a hydrophilic nature usually cannot be isolated from the
biological material by a simple extraction. As they are ionizable, they can, however,
be extracted as ion pairs and their hydrophilic character can then be compensated for
by a strongly hydrophobic extracting agent (the counter ion)' 3. The extract from the
biological material is often contaminated and the required compound must be isolated
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by a chromatographic procedure, which can be based on the same distribution prin-
ciple (ion-pair partition chromatography). ]

Ton-pair chromatography has been used for the isolation of both cationic and
anionic compounds*~7. Several studies on acidic compounds of biochemical interest
have been published during recent years. Persson and co-workers®*!°® studied the iso-
lation of carboxylic acids and sulphonamides in siraight-phase systems. Thorough
investigations of the separating conditions for acidic metabolites of biogenic amines
have been performed by Lagerstrom®®. Persson and Lagersirdm*? used the methods
for analysis of biological fluids. Wahlund developed systems for reversed-phase
liquid-liquid ion-pair chromatography of carboxylaies and sulphonates and demon-
strated their possibilities for gradient elution and direct application of biological
ﬂuidsl3.14_

This paper describes a study of the separation of acidic compounds of bio-
chemical and pharmacological interest by reversed- and straight-phase ion-pair chro-
matography. It is demonstrated that the choice of liquid phases, support and tech-
nique for column equilibration can have a considerable influence on the possibilities
of separating structurally closely related compounds.

EXPERIMENTAL

Apparatus

The detectors were an LDC Model 1205 UV moaitor and Chromatronix
Model 200-L photometer, both with 8-l cells; the measuring wavelength was 254 nm.
The pump comprised LDC Models 711-26 and 711-47 solvent delivery system (Milton-
Roy Minipump with pulse dampener). The injectors were Altex Scientific and
Chromatronix high-pressure valves.

The column was made of 316 stainless steel with a polished surface, iength
150 and 200 mm, L.D. 3.2 and 4.5 mm, equipped with modified Swagelok connectors
and Varian or Altex stainless-steel frits (2 zm).

Chemicals and reagenis

1-Pentanol and 1-butanol were of Fisher Scientific (Pittsburgh, Pa., U.S.A))
A.C.S. quality. Chloroform and methylene chloride were zur Analyse products from
E. Merck (Darmstadt, G.F.R.). Butyronitrile, puriss p.a. from Fluka (Buchs,
Switzerland), was distilled (117-118°) and then extracted five times with phosphate
buffer (pH 7.6) to remove light-absorbing impurities. Tetrapropylammonium and
tetrabutylammonium hydrogen sulphate from AB Labkemi (Gdteborg, Sweden) were
neutralized with sodium hyvdroxide prior to use. Tetracthylammonium bromide and
tetrapentylammonium iodide were obtained from Eastman-Kodak {Rochester, N.Y.,
U.S.A.), the latter being converted prior to use into phosphate by shaking with silver
oxide and neutralizing the hydroxide with orthophosphoric acid.

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

Chromatographic supports
LiChrosorty RP-2 and RP-18 and LiChrospher SI 100, mean particle diameter
5 and 10 gm (E. Merck), were used.
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Column preparation

The columns were packed by a2 balanced-density slurry technique!s. The
suspending liguids were dioxan-tetrabromoethane-carbon tetrachloride (7:8:9) for
LiChrosorb RP-2, tetrachloroethylene for LiChrosorb RP-12 and tetrabromoethane—
carbon tfetrachioride (1:1) for LiChrospher SI 100. The fillings were washed with r-
hexane and acetone before coating with stationary phase.

Organic stationary phase

The hydrophobic supports were spontaneously coated with 1-pentanol (RP-2
and RP-18) and butyronitrile (RP-2) by passage of a mobile phase saturated with the
organic solvent at a rate of 0.5-1.0 mi/min’*. The columns were stable after passage
of 30-200 column voiumes of mobile phase.

Tke volume of stationary phase was about 0.5 mi/g of support as determined
by elution and gas chromatographic (GC) analysis!<.

Agqueous stationary phase

On the hydrophilic support (LiChrospher SI 100) the stationary phase (aqueous
solution of quaternary alkylammonium ions) was applied by in situ coating. A 50-ml
volume of stationary phase - acetone (3:1) followed by 50 ml of undiluted stationary
phase were pumped through the column at a rate of about 1 ml/min. The excess of
stationary phase was removed by passage of 50-100 ml of mobile phase and the
mobile phase was then recycled.

The capacity factors were usually stable after the passage of 500-1000 ml of
mobile phase. As the support usually had adsorbed quaternary alkylammonium jons
(i.e., counter ions) from the mobile phase during the equilibration'?, a slight change
of the composition of the liquid phase in the reservoir had occurred and the final
equilibrinm was not reached until a change to fresh liquid phases had been made.

The volume of stationary phase was about 0.6 ml/g of support. It was deter-
mined by eluting the column with methanol and titrating the water content by the
Kart Fischer method. The content of quaternary alkylammonium ions was deter-
mined by the picrate or the bromothymol blue method!-17.

Chromatographic technique

The whole chromatographic system, including the detector but excepting the
pump, was Kept in an air thermostat (Termaks, Bergen, Norway) at 25.0 -~ 0.1°. The
mobile and staticnary phases were carefully equilibrated with each other in the ther-
mostat before use and an upper layer of stationary phase was always present in the
reservoir. No pre-columns were used.

A slow degradation of the butyronitrile was observed. It gave no disturbances
if a change to fresh mobile phase was made every third day.

Both types of systems (with either aqueous or organic mobile phase) showed
a very high stability and no change of properties has been observed after use for several
months.

In systems with an aqueous mobile phase, an LDC detector with cooling
channels in the cell holder was used. It permitied thermostatting of the cuvette to
200° (ref. 13). .

All samples were dissolved in the mobile phase. In systems with an organic
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mobile phase the samples were applied as acids or ion pairs with the counter ion used
in the chromatographic system, 8-30 ! of sample solution being injected.

RESULTS AND DISCUSSICN

Ion-pair partition chromatography is based on a liguid-liquid distribution
technique usually called ion-pair extraction, which can be applied to all kinds of ion-
izable organic substances, both cationic and anionic. The principle is demonstrated
by the following example.

An organic anion, X, can be transferred from an agueous to an organic phase
by addition to the aqueous phase of an ion Q* with the opposite charge and extraction
of the ion pair QX into the organic solvent:

X:x_:; + Q;q = QXorE

A quantitative expression for the extraction is given by the equilibrium constant, Eqx
(the extraction constant):

Eox = [QXore Q15X [6))

The distribution of X~ between the two phases is given by the distribution ratio
expression:

Dy = [QX]ore/IX laa = Eox"[Q7 g @

This shows how the distribution can be regulated: by the nature of the counter ion
Q+ and the properties of the organic phase which both affect the magnitude of Eqyx,
and by the concentration of Q™ (ref. 1).

Control of the retention

The ion-pair extraction principle can be used in partition chromatography
with an aqueous solution as the mobile phase and an organic solvent as the stationary
phase (reversed-phase system) or vice versa (straight-phase system). The counter ion
is added to the aqueous solution in both instances.

When the counter ion Q* is present in the aqueous stationary phase, the
capacity factor, &', of the sample X~ is given by

K = (Eox'[Q L™V V2t : G)
and in systems with Q7 in the aqueous mobile phase
k= Eox°[Q L Vo V* @

where V- ¥V,;* is the phase volume ratio.

The relationship between &, [Q*] and Eqy is illustrated in Fig. 1. In a straight-
phase system (Fig. 14), the retention will increase with decreasing concentration of
the counter ion Q% and decreasing value of the extraciion constant Eox. To obfain
a capgcity factor of 1-10 at a counter ion concentration between 0.1 and 0.01 3£, an
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Fig. 1. Regulation of the retention of an anionic compound by the extraction constant (Egx) and the
concentration of the counter ion, QF, in (A) straight-phase and (B) reversed-phase ion-pair chroma-
tography. Vi/Va: A, 1.0; B, 0.5,

extraction constant of 1-100 will be required. The reversed-phase system (Fig. 1B)
will need an extraction constant of 20-2000 under the same conditions.

The extraction constant can be easily regulated within these limits by the
choice of counter ion. Some examples are given in Table I'5, which gives extraction
constants of some carboxylic acids, glucuronides and sulphates with chloroform as
the organic phase and quaternary alkylammonium ions as counter ions.

Quaternary alkylammonium counter ions have several advantages. They are
aprotic and can be used at any pH. The regulation of Eqgy is easily made by changing

TABLE X

EXTRACTION CONSTANTS®
Organic phase: chloroform.

Aniornic component Log Egx

Tetrapropyl- Tetraburyl- Tetrapentyl-

anunonienm amimoniunt amumoniunt
Benzoic acid — — 2.83
Hippuric acid — — 2.65
N-Methylhippuric acid — — 2.55
Phenylpropyl 3-sulphate 1.95 4.20 —
2-Naphthyl sulphate 2.64 4.90 —
8-Quinolinyl glucuronide - — 1.43
2-Naphthyl glucuronide - — 2.33
11-Deoxycorticosterone 21-glucuronide - 2.08 4.50
11-Deoxycortisol 21-glucuronide — 121 3.66
11-Dehydrocorticosterone 21-glucuronide — 0.83 3.17

Cortisone 21-glucuronide — 0.52 295
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the number of alkyl carbon atoms: removal of one methylene group will decrease
log Eqx by about 0.5 unit in most organic phases.

Table 1 also demonstrates that the glucuronic acid conjugates are considerably
more hydrophilic than the suiphates. A comparison of the conjugates of 2-naphthol
shows that the glucuronide requires a much more hydrophobic {(ecight alkyl carbons
larger) counter ion than the sulphate in order to achieve the same exfraction constapt.

The extraction of an ion pair can be affected by side-reactions such as
protolysis or association processes in the agueous phase and dissociation or
dimnerization of the ion pair in the organic phase®. The side-reactions will affect the
capacity factor, but if the effect is independent of the concentration of the sample it
will not have any unfavourable influence on the chromatographic process. if the extent
of the side-reaction changes with the conceniration of the sample, it will usually give
rise to more or less serious peak asymmetry and steps must be taken to avoid or
suppress the disturbing processS-7-13,

Choice of chromatographic conditions

The extraction constant is usually a good basis for the choice of a system for
a chromatographic separation. It can often be easily detfermined by batch extraction
between free liquid phases?'®. If, however, a rough estimation of the partition
properties of the sample can be made from published data, chromatographic test
runs may be a more convenient way.

Such tests are most easily made in reversed-phase systems where the counter
ion is present in the mobile agqueous phase. A suitable &’ value can be obtained in these
systems by changing the concentration or/and the nature of the counter ion. An illus-
tration is given in Fig. 2, which shows the relationship between &’ and the concentra-
tion of the counter ion (teirabutylammonium) for 4-hydroxybenzoate when 1-pentanol
on LiChrosorb RP-2 is used as the stationary phase. For comparison, capacity factors
are calculated from distribution ratios obtained by batch extractions. The found

4L
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Fig. 2. Regulation of the retention of 4-hydroxybenzoic acid. Mobile phase, tetrabutylammomum
(pH 7.4); stationary p*:xaxs,~ 1-peatanol; support, LiChrosorb RP-Z
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capacity factors deviate only 10-309 from the calculated values, which indicates that
the influence of the hydrophobic support is rather small.

The relationship between &’ and the counter ion concentration (Fig. 2) deviates
from the earlier expressions {egn. 4) by being non-linear. This result is due to side-
reactions that are not taken into comsideration in egm. 4, probably association
processes in the aqueous phase between tetrabutylammonium and the sample anion
as well as anions of the bufier components.

In a straight-phase system where the counter ion is present in the stationary
phase, regulation of the retention by changing the counter ion concentration is more
complicated, as it will include a change of the coating of the support. The final regula-
tion of the capacity factor in such systems is usually made by the composition of the
mobile organic phase. In such instances it is often favourable to use an organic phase
that consists of one weakly and one strongly solvating agent (e.g., a strongly
hydrogen-bonding solvent). The interaction between the ion pair and the strongly
solvating agent can then be treated as a complexation which will lead to simple
means for systematic regulation of the retention®%-2L. It must be emphasized, however,
that 2 change in the composition of the moebile phase can also change the selectivity
of the system?2—2%; this is not so when the capacity factor is regulated by changing the
counter ion concentration.

Reversed-phase systems

Studies with agueous mobile phases have so far been performed on two kinds
of porous silica microparticles: LiChrosorb RP-2, which is partly hydrophobized
with dichlorodimethylsilane, and LiChrosorb RP-18, which is a hydrophobic material
of the octadecyl type. Two stationary phases have been tested: l-pentanol, which is
both hydrogen-donating and hydrogen-accepting, and butyronitrile, which is only
hydrogen-accepting.

The separating efficiency of the columns was good. An example is given in
Fig. 3, which shows the separation of benzoic and benzenesulphonic acid derivatives
with tetrabutylammonium as the counter ion. The selectivity is so good that even
positional isomers of hydroxy- and aminobenzoic acid are well separated.

A comparison of the selectivity of 1-pentanol and butyronitrile as stationary
phases is given in Fig. 4. The differences are rather limited. The weakly hydrogen-
accepting nitrile gives a better separation of the unsubstituted benzoic and benzene-
sulphonic acids while the selectivity for the amino- and hydroxybenzoic acids is lower.

The influence of the support on the separation cannot be disregarded. A
comparison of the separation factors on the highly hydrophobic RP-18 and the
partly hydrophobized RP-2 (Fig. 4) shows that the benzoates on the latter support
are more retarded relative to the sulphonates. The influence of the support was
particularly marked for some of the dihydroxylated acids: 3,4-dihydroxyphenylacetic
acid on RP-2 gave very strong tailing, which was eliminated on RP-18.

Chromatographic studies have also been performed with a pure aqueous solu-
tion of the counter ion as the mobile phase and no organic solvent present in the
system. A very low separating efficiency was obtained, as expected, with a highly
hydrophobic octadecyl-type support that was not wetted by the mobile phase. The
partly hydrophobized RP-2 support gave columns with good efficiency, as demon-
strated by the chromatogram in Fig. 5.



NSSON, G. SCHILL

134 : . B.FRANSSON, K.-G. WAHLUND, i. M. JOE
— S: 3 = -
L 12
0.002 A & -
I - 6
7

i

UVl

!

1] + 1
min 20 i0 0
Fig. 3. Reversed-phase ion-pair chromatography. Mobile phase, tetrabutylammeonium, 0.03 Af (pH
7.4), 1.7 mmy/sec, 95 bar; stationary phase, I-pentanol; support, LiCbrosorb RP-2 (5 yum). Peaks:
1 = 4-amincbenzoic acid; 2 = 3.aminobenzoic acid; 3 = 4-hydroxybanzoic acid; 4 — 3-hydroxy-
benzoic acid; 5 = benzenesulphonic acid; 6 = benzoic acid; 7 = toluene-4-sulphonie acid.

Stat. phase: {-pentanol butyronitrile —_
TBA conc: 003 M 0.03 M 003 M 004 M
Support: RP-18 RP-2 RP-2 RP-2
log k* ’
10
M toluenesulphonic acid

05 i

benzoic acid
benzenesulphonic acid
3 -hydroxybenzoic acid
4 -hydroxyhenzoic acid
3-aminobenzoic acid
oo b ° 4 -aminobenzoeic acid

-08

Fig. 4. Influence of support and stationary phase on the selectivity by reversed-phasa ion-pair chro-
matography. Mobile phzse, tetrabutylammonium {(pH 7.9).- 7
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Fig. 5. Reversed-phase ion-pair chromatography without liquid stationary phase. Mobile phase,
tetrabutylammonium, 0.03 3 (pH 7.4), 1.0 mm/sec, 68 bar; support, LiChrosorb RP-2 (10 gzm). Peaks:
1 = 4-aminobhenzoic acid; 2 = 3-aminobenzoic acid; 3 = 4-hydroxvbenzoic acid; 4 = 3-hydroxy-
benzoic acid; S = benzoic acid.

The capacity factor could be controlled by the counter ion concentration up
to 0.04 M on both supports, but the selectivity was lower than for systems with 1-
pentanol or butyronitrile as stationary phase, as demonstrated in Fig. 4. An important
drawback of the RP-2 system was its low siability; X’ decreased gradually and the
column showed an increasing fiow resistance. The columns could usually be used only
for 2 or 3 weeks.

The high selectivity of the pentanol-containing sysiems for anions with
hydrophilic substituents made them particularly useful for the separation of carboxylic
acids of biochemical interest. A separation of homovanillic, indoleacetic and hydroxy-
indoleacetic acid is demonstrated in Fig. 6, and a survey of the selectivity for deriva-
tives of phenylacetic, mandelic, indoleacetic and benzoic acid is given in Fig. 7.

Figs. 6 and 7 show that not only the type and nature of a substituent but also
its position has a considerable influeace on the retention. Some of the given &£’ values
are rather low but ii must be emphasized that £° can be increased by increasing the
counter ion concentration without changing the selectivity.

Hydroxyl substitution will usually give rise to z large decrease in k’. Hydroxyla-
tion of IAA in the aromatic ring to HIAA considerably decreases its hydrophobic
character and a separation factor of 3.8 is obtained. Hydroxyl substitution in the a-
position to a carboxyl group will have a lesser effect: hydroxylation of HVA in the
side-chain to VMMA gives a scparation factor of only 2.2. The eficct of the position of
the hydroxyl substitution is particularly marked for the dihydroxybenzoic acids, the
2,5-substituted compound being considerably more hydrophobic than the others.



B. FRANSSON, K.-G. WAHEUND, I. M. JOHANSSON, G, SCHILL .

336
s _
2 <
3 _
ﬁ §
OO}J-Z A
|

min !; I‘O ; 7)

Fig. 6. Reversed-phase ion-pair chromatography. Mobile phase, tetrabutylanmonium, 0.03 M (pH
7.4), 2.1 mm/sec, 60 bar; stationary phase, 1-pentanol; support, LiChrosorb RP-2 (10 #m). Peaks:
1 = 4-hydroxy-3-methoxvphenylacetic acid (HVA); 2 = S-hydroxyindole-3-acetic acid (HIAA); 3 =
indole-3-acetic acid (IAA).

Mobite phase Tetrabutylommonium 003 M (pH 7.4)
Stat. phese 1-Pentanaol

Support LiChrosorb RP-2
tog k”

4-hivdroxy-3-methoxy-MA {VMA) ]

3-hydroxy-4-methoxy-MA {(1VMA) e

mandelic acid (MA) S

3.4 -dihydroxy-PAA [

4-hydroxy-3~methoxy - SAA (HVA) e

3.4~dimethoxy -PAA =}

3.4,5-trimethoxy-PAA [

phenylacetic acid (PAA)
‘ 4-methoxy-PAA

S-hydroxyindole -3-acetic acid (HIAA) ) S

indole-3-acetic ccid (1AA) S

i

£

F

3,5 -dihydroxybenzoic acid R S
3, 4-dihydroxybenzoic ccid 2 .
2,5~dihydroxybenzeic acid - . ‘ oo - - & 7

I3 2 = 3 3

Fig. 7. Selectivity by reversed-phase chromatography of degivativds of mandelic, phenylacetic,
indoleacetic and benzoic acid. - o -
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"~ The influence of methoxylation of phenylacetic acid is also noteworthy, &’ in-
creasing in the order dimethoxy < trimethoxy <-monomethoxy.
 The pentanol- and butyronitrile-containing systems are also highly suitable for
the separation of sulphonamides. A chromatogram obtained with butyronitrile as the
stationary phase is given in Fig. 8. The sulphonamides are weak acids with pK; — 6-8
and, under the conditions used, they will migrate as both acids and ion pairs. A com-
parison of the selectivity by chromatography as acids and ion pairs is given in Fig. 9.
There is a drastic change of the elution order and changes in either pH or counter ion
concentration can havea considerable influence on the selectivity.

&

A B

w

JJUKQ

min 15 10 ] 0

Fig. 8. Reversed-phase ion-pair chromatography of sulphonamides. Mobile phase, tetrabutylammo-
nium, 0.01 A&f (pH 7.9), 1.6 mm/sec, 27 bar; stationary phase, butyronitrile; support, LiChrosorb
RP-2 (10 um). Peaks: 1 = 2-sulphanilamidopyrimidine (sulphadiazine); 2 = 3-methoxy-2-sulphanil-
amidopyrazine (sulphalene); 3 = 4-methyl-2-sulphanilamidopyrimidine (sulphamecrazine}; 4 = 5-
methyl-3-sulphanilamidoisoxazole (sulphamethoxazole); 5 = 2,4-dimethyl-6-sulphanilamidopyrimi-
dine (sulphaisodimidine).

The N¢-acetyl derivative is the main metabolite of the sulphonamides. It can
be easily separated from the parent compound by this chromatographic system, as
demonstrated in Fig. 10 for sulphametoxazole and sulphadiazine.

The reversed-phase systems have also been vsed successfully for the separation
of barbiturates. They are weaker acids than most sulphonamides, with pK, = 7.5-8.5,
and rather hydrophobic, which means that ion-pair chromatography can be performed
only at a high pH. The separation can, however, be effected with the barbiturates
partly in acidic form and regulation of the retention mairly by pH. An example is

" given in Fig. I1. Changing the stationary phase from butyronitrile to pentanol has
no drastic influence on the selectivity.

Studies of the separating efficiericy for different kinds of substances have
shown some differences between 1-pentanol and butyronitrile columns. The 1-pentanol
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Fig. 9. Sclectivity by reversed-phase chromatography of sulphonamides as acids (bufier, pH 4.0) and
as ion pairs with tetrabutylammonium (the latter &” are calculated from &’ focund at pH 7.4 after com-
pensation for distribution as acid and degree of protolysis). Stationary phase, 1-pentanol; support,
LiChrosorb RP-2.

B
2
A i
7 1
0002 A
12 0002 A
i .
L JuUp
min 12 8 4 0 min 16 12 8 & O .

Fig. 10. Separation of parent sulphonamides (1) and N*-acetyl derivatives (2). Support, LiChrosorb
RP-2 (10 zm). (A) Sulphadiazine. Mobile phase, tctrabutylammonium, 0.1 Af (pE 7.4), 2.2 mm/sec,
70 bar; stationary phase, 1-pentanol. (B) Sulphamethoxazole. Mobile phase, tetrabutylammonium,
0.03 Af (pH 7.9), 1.6 mmy/sec, 60 bar; stationary phase, butyronitrile.

colurnne have a good separating efficicncy (with maximum H at &’ = I} that is-al-
most independent of the iype of substance involved. The butyronitrile columns have
the advantage of an equally good and less fiow-dependent separating efficiency for
sulphonamides and barbiturates, but a significantly higher H has been obtained with
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Fig. 11. Reversed-phase chromatography of barbiturates. Mobile phase, tetrabutylammonium, 0.01
M (pH 7.7), 1.6 mmyjsec, 27 bar; stationary phase, butyronitrile; support, LiChrosorb RP-2 (10 zm).
Peaks: 1 = dicthylbarbituric aci@; 2 = diallvlbarbituric acid; 3 = allylisopropylbarbituric acid;
4 = phenylethylbarbituric acid.

Fig. 12. Straight-phase ion-pair chromatography of sulphuric acid conjugates of phenols. Mobile
phase, dichloromethane-1-pentanol (9:1), 3.0 mmy/sec, 37 bar; stationary phase, tetracthylammo-
nium bromide, 0.1 M (applied) pE 7.4, 0.65 mifg on LiChrospher SI 100 (10 zm). Peaks: 1 = 6-
bromo-2-naphthyl sulphate; 2 = 2-naphthyl sulphate; 3 = 4-methylumbelliferyl suiphate.

Straight-phase systems

In straight-phase ion-pair chromatography on porous silica microparticles, the
agueous phase is usually applied by in sifu coating®. The loading, i.e. the volume of
agueous phase per gram of support, has usually not been considered as critical. How-
ever, by use of quaternary atkylammonium ions as counter ions, it was observed that
a change in the loading can have a drastic influence on the properties of the system.

The studies were performed with LiChrospher SI 100 as the support. When it
was coated with the maximal amount of stationary phase (zbout 607, of the support
weight), systems with high separating efficiency and selectivity were obtained. An
example is given in Fig. 12, which shows the separation of three ary! sulphates. The
separating efficiency is demonstrated in Fig. 13. A maximum H is obtained at &' =
0.3-1.2, but up to a flow-rate of 3 mmy/sec it is still not greater than 0.1 mm.

If the amount of stationary phase on the support is below the maximum, owing
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Fig. 13. Effect of capacity factor and flow-rate on the column efficiency by straight-phase ion-pair
chromatography. Mobile phase, dichloromethane-1l-pentanol (9:1); stationary phase, tetrzethyl-
ammonium bromide, 0.1 & (applied), pH 7.4, 0.65 ml/g on LiChrospher SI 100 (10 g#m). Samples:
O, 3-estradiol sulphate (&’ = 0.3); @, 17-estradiol sulphate (&* = 0.9); 3, 3-estriol sulphate (X" =
5.7).

either to incomplete coating or equilibration with imperfecily saturated mobile phase,
considerable changes in the column properties will occur. The column still has a good
separating efficiency, as demonsirated in a separation of glucuronides shown in Fig.
14. The capacity factors found were 102-10° times higher than those calculated from
exiraction constants obtained by batch extraction experiments, and the separation
factors were considerably lower than expected.

A comparison of the properties of the systems is given in Fig. 15, which dem-
onstrates the separation of estrogen sulphates. With a high loading of stationary phase,
0.6 ml/g of support (Fig. 15A), a suitable retention was obtained with tetracthylam-
monirm as counter ion. By use of a low loading, 0.13 ml/g of support (Fig. 15B), a
much more hydrophobic counter ion, tetrapropylammonium, had to be used and the
retention of the estradiol and estriol sulphates was considerable. Some changes in the
clution order were also obtained.

A survey of the retentions of different types of sulphuric acid conjugates in the
two systems is given in Fig. 16. The selectivity is considerably better on the column
with high loading: a change of the point of conjugation from 3 to 17 gives a separation
factor of 2.8 for the estradiols and 4.2 for the estriols. Bromine substitution in naphthyl
sulphate gives a separaiion factor of 3.5. The agrecement between the found and cal-
culated &’ values is good.

The difference between columns with high and low loadings was even greater
in the systems for the separation of glycine and glucuronic acid conjugates, as dem-
onstrated in Fig. 17. In the system with high loading, tetrapropylammonium was
suitable as counier ion. The agreement between found and calculated capacity factors
was good. The separation factors between glycine conjugates and parent compounds
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Fig. 14. Straight-phase ion-pair chromatography of glucuronic acid conjugates. Mobile phase,
chloroform-1-butanol (19:1), 1.6 mm/sec, 33 bar; stationary phase, tetrapentylammonium, 0.065 M
(2pplied) + bromide, 0.001 M, pH 7.4, 0.11 ml/g on LiChrospher SI 100 (10 zm). Peaks: 1 = 8-
quinolinylglucurenic acid; 2 = 2-naphthylglucuronic acid; 3 = 4-methylumbelliferylglucuronic acid.

is of the order of 2-4. On the column with low loading, the considerably more hydro-
phobic tetrapentylammonium had to be used as counter ion and the separation factors
found were very low in most instances.

It is of particular interest that the order of elution was reversed in numerous
instances and the retardation on columns with low loading increased with increasing
hydrophobic character of the sample. An investigation of the composition of the sta-
tionary phase showed that on columns with low loading, the content of quaternary
ammonium ions was 7-9 times higher than that applied. The increase obviously oc-
curred during the equilibration with the mobiie phase, which contained 10-°-10"*
mol/l of quaternary ammonium ions. It seems likely that the gaternary ammonium
ions had been adsorbed on the support, giving the surface a hydrophobic character.
The ion-exchange properties of silica gels in the pH range used has earlier been dem-
onstrated?’ as well as the adsorption of quaternary ammonium ions to glass surfaces
from agueous solution®-27,

An increase in the counter ion content was also observed on the columns with
high loading, but it had no significant effect on the ion-pair partition process, as £;,una
and k.,,. showed good agreement when the calculation was based on the applied
concentration of counter ion'.
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Fig. 15. Straight-phase ion-pair chromatography of sterordal sulphuric acid coajugates Supportt,

LiChrospher ST 160 (10 #zm). (A) Mobile phase, dlchloromethaue—l-pemanol (9:1),-3.0 mmy/sec, 30

bar; stationary phase, tetraethylammoniuvm bromide, 0.1 M (applied), pH 7.4, 0.65 ml/g of support.

(B) Mobile phase, chloroform—I-butanol (9:1}, 1.5 mmy/sec, 40 bar; stationary phase, tetrapropyl-

ammonium,. 0.1 M (applied) -~ bromide, 0. 001 M, pH 7.4, 0.13 mljg of support. Peaks: 1 = 3-

equilin sulphate; 2 = 17¢z—d1hyd.ro—3—equllm sulphate; 3 = 3-estradtol su.lphate 4 = 17—5&:&{1191
’ su!phate, 17—acrxol sulphate; 6 = 3-estriol sulphate. : . .

These reaults show that weil deﬁnea condjtzons are of fundamental 1mportance

for the reproducibility of the chromatographic. results. Not only the composxtzon of

. the stationary and mobile phases, but zlso the: stat;opary phase Ioadmg and the
ethoratmn conditions must be exarmned thoroughiy : o e

’ Comparzson of reversed- and strazght—phage zan-pazr cizram&zograzzky
' Both reversed- and strax;nt—pnase mn-pan' chromatozraphy wﬂi g;ve cood pos—
, sxbﬂmes for the separatxon of anionic orgamc compounds under the ccndxtmns gzven_
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Fig. 16. Selectivity by straight-phase ion-pair chromatography of sulphuric acid conjugates (*Za1c for
4-meihylumbeliiferyl sulphate based on log Egx = 1.20).

Mobile ghase CH,Cly + 1-pentanel (9+1) CHCi3+ t-butanal (13+1)

Stat. phase tetrapropylammonium (pH 74) tetrapentylemmonium {(pH 7.4}
applied 0.10M applied 010M
found 0.20M found 091M

Vs/g support 0.63 m! (on LiChrospher St 109) onml (on LiChrospher St 100)
fog k' tog k’

g0 1.0 20 | <10 00 10

Salicyturic acid i e i i i é '

Benzoic acid L] (-]

Hippuric acid S . . @, .

N-methylhippuric ccid ) ‘B ) ) e ’

Nicotinic acid & [::]

-l  Nicotinuric acid . ) '§ . 8 )
Dehydrocorticosterone GA ) & . ) j ) ’
6-bromo-Z-naphtihyl GA O [ S
2-naphthyt GA Q 2]
g-quinotinyt GA " . & . . @ .,

' © g Kfound /0 Keate

Fig. 7. Selectivity by straight-phase ion-pair chromategraphy of glucuronic acid (GA) conjugates

(k’c..lc
GA).

based on log Eqx = —0.38 for 2-napbthy£—GA and log Egx = 0.51 for 6-bromo-2-naphthyl-
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above. The reversed-phase technique has the advantage of easy control of the retention
by changing the type and conceniration of the counter ion in the mobile phase.
Gradient elution can be performed in such systems without the risk of stripping off
the stationary phase®. A further advantage is that hydrophilic samples and samples
present in aqueous solution, i.e. biological material, can be dissolved directly in the
mobile phasel®. The choice of organic phase is at preseat limited, as few systems have
been thoroughly investigated.

The straight-phase sysiems have the advantage of a greater choice of organic
phase, which may give the pos»ibility of higher selectivity?!. The retention can be reg-
ulated by the composition of the mobile phase, but this can have an unfavourable
influence on the stability of the system owing to changes in the mutual solubility of
the phases. The sample must be transferred to the organic mobile phase, which might
present difficulties for hydrophilic substances. These problems, however, can usually
be solved by using a modified extraction iechnique!?-?5.

Both the reversed- and straight-phase techniques seem to be necessary as a
means of solving the intricate separation problems within the bioanalytical ficld.
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