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SUMMARY

A reversed-phase partition chromatographic system for separation of organic
anions as ioa pairs with quaternary ammonium ions has been developed. Commercial,
hydrophobized silica supports are used with i-pentanol as stationary phase and aque-
ous solutions of tetrabutylammonium (TBA) as mobile phase. The separation of
azromatic sulphonates and benzoic acid derivatives is demonstrated. The use of the
TBA concentration of the mobile phase to regulate the capacity factor of the anions,
as a2 means of improving separation by gradient efution and direct injection of Iarge
sample volumes, is demonstrated. The isolation of nicotinic acid from human serum
samples is shown.

INTRODUCTION

Reversed-phase iquid-liquid partitionchromatography, asdescribed by Howard
and Martin!, has found rather Hmited application, due mainly to the fact that
't has previously used columns of low efficiency and stability (¢f. ref. Z}. Recent
<tudies have shown, however, that highly efficient columns can be prepared by appli-
cation of modern chromatographic techniques. Horwitz and Bloomguist® have ob-
-ained good columns with bis-(2-ethyihexyliphosphoric acid as stationary phase, while
{raak and Huber* have prepared high-efficiency columns with trioctylamine as sta-
‘onary phase. In both cases aqueous mobile phases were used.

Reversed-phase, ion-pair, column partition chromatography was first studied
¥y Wahlund and Gréningsson® with organic ammonium ions as substrates. Eksborg
t al§ have reported on the reversed-phase chromatography of aminophenols as ion-
air adducts with bis-(2-ethylhexyi)phosphoric acid. In both cases the column efii-
ency was rather low.

. In the present study, the above difficulties have been overcome by tke use ofa
odern technigue of column preparation. Systems with high separating efficiency
ud long-term stability have been obtained by the use of small-diameter supports
nd an improved packing and coating technique. .

The combination of reversed-phase liquid-tiquid chromatography and ion-
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pair partition has several advantages for the separation of ionized orgamic com-
pounds. An agueous sample can be applied directly, which means t.hat a time-con-
suming, and sometimes complicated, extraction to an organic phase is avoided. ’%‘h{s
is of particular value for the analysis of hydrophilic compounds. Furfth’etmore, itis
simple to regulate the retention of the substrate by varying the type and cogcgz}t.ratmn
of the counter ion in the mobile agueous phase. This opens exceilent possszi.ztzes for
gradient elution and the application of large sample volumes without a loss in sepa~
ratirg efficiency.

The aim of the present study is to investigate the properties of a reversed-phase
ion-pair system suitable for the separation of hydrophitic organic acids. The influence
of the composition of the mobile agueous phase a2nd side-reactions in the organic
phase {dissociation) have been investigated. The selectivity of the system is iftustrated
by separating a2 mixture of benzoic and benzenesuiphonic acid derivatives. Appli-
cation of the gradient elution techmigue is demonstrated, together with the use of
the method for isolations from biclogical material.

EXPERIMENTAIL

Apparatus
Detector: LDC UV-Monitor Model 1205, wavelength 254 nm, cell volume 8 gl

Pumps: Chromatronix Cheminert Metering pump CMP-I L. LDC Solvent
Delivery System Modet 71E-26 {Milton-Roy pump).

Columns: Separation and pre-column of borosilicate glass (silanized), 36C¢
mm X 2.7 mm ED. 316 stainless-steel columns, polished surface, for small particle
supports, 3.1 and 3.2 mm LD, (pre-column: 130 mm X 4.5 mm LD.).

Injectors: Septum injector made of Swagelok units. High-pressure (3000 p.s.i.}
sample injection valve, Altex Sciemtific.

Gradient mixer: 11300 Ultrograd gradient mixer (LKB, Bromma, Sweden}.

Chemicals and reagents

The I-pentanol was of Fisher A. C. S. and Fluka puriss. quality. Tetrabutyi-
amraonium (TBA) hydrogensulphate was obtained from Héssle (Moindal, Sweden)
and the tetrabutylammonium phosphate was prepared from TBA iodide (Eastman-
Kodak, Rochester, N.Y., U.S.A.) by shaking with silver oxide and neutralizing the hy-
~ droxide with phosphoric acid. All other substances were of analytical or reagent grade

and were used without further purification.

Chromatographic supports: LiChrosorb SE50 silanized, mean particle diameter
30, 10 and 5 pm (E. Merck, Darmstadt, G.F.R.}; Bondapak C/Porasil B (octadecyl
derivative), particle size 37-75 pm (Waters Assoc., Milford, Mass., US.AL
Columes preparation

The LiChrosorb particles were packed by a balanced density, slurry techaique”’
using equal volumes of dioxane, tetrabromoethane and carbon tetrackloride as the
suspending liquid. For the 30 gm particles, the flow-rate during the packing was
maintained at 0.5 mi/min (glass columns); 10 and 3 gm particles were packed with the
highest possibie flow-rate (Waters pump, Model M6090). -

Coating with the stationary phase, I-pentano!, was performed using a modifi-
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-ation of the ir situ method of Kirkland and Ditks®. The column was easilibrated
vith acetone, followed by 25 mi of a 109 sclution of I-pentanol in acetone at a flow-
-ate of 1 ml/min. Finally, the mobile phase (aqueous solution) saturated with I-
rentanol was pumped through the column at a fiow-rate of 0.2 m!/min until a stable
raseline was obtained. The passage of about 100 ml of mobile phase was usually
equired.

The coating was done with the separation and pre-columns coupled in series
nd maintained at 2590 -+ 0.1°,

The Bondapak C,e/Porasil B was coated with stationary phase by evéporation
tom methylene chioride solution; the slurry was then packed in glass columns with
2 rod (cf. ref. 9).

The amount of stationary phase on the columns was determined by gas chro-
matography after elution of the stationary phase with ethanol. The loading was 0.4—
3.5 mijg on the LiChrosorb particles, and 0.6 ml/g on the Bondapak support. The
interstitial volume was determined by the injection of potassium nitrate or 4-hydroxy-
benzoate with phosphate buffer pH 7.4 as the mobile phase. None of these compounds
was retained on the columnmn.

Chromatographic technigue

The separation column was always preceded by a pre-column prepared in the
same way, with the exception that LiChrosorb 30 gm particles were used in the pre-
cofumn to all LiChrosorb packings.

The whole chromatographic system, from the soivent reservoir to the column
outlet, was kept in an air-thermostatted box at 25.0 & 0.1°, In order to prevent pen-
tanol being precipitated in the detector, a cooling tube was coiled around the celi-
holder. (The stationary phase dissolves to about 2.59 in the mobile phase and even
a small temperature increase can cause precipitation of pentanol.} All mobile phases
and sample solvents were also kept at 25.0 = 0.1 °, Columns treated in this way were
used continuously for several months without change of properties.

To prevent baseline shifts in gradient elution, it was necessary to use a reference
system identical to the separation sysiem. The flow from the gradient-mixer was
therefore split into two streams with separate pumps, one for the separation system
21d one for the reference system. The flow-rate from the latter was passed through the
r~ference channel of the detector.

[ ZSULTS AND DISCUSSION

[

a-pair partition and the capacity factor
An organic anfon X~ can be extracted by a counter ion g~ from an agqueous
i ase as an ion-pair, according to the reaction

4

Qi+ X, =0Xs (1)

7 .e distribution ratio of X~ between the organic and aquecus phases is given by

Dy = Eox - [C*] @)
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where Egy. the extraction constant, is the equilibrium constant for reaction (1):

EQX = EQX'}arg * EQ?}—E * {X-}—! ) - (3)

Tha magnitude of the extraction constant depends on the properties qf thg organic
phase and the structure of 7 and X~ {cf. ref. 10). L

When side-reactions occur {e.g. ion-pair dissociation or dimerization in the
organic phase, association processes or protolysis in the aquecus phase}, it is conve-
nient to exchange the stoichiometric extraction constant Egy for a conditional ex-
traction constant £y (¢f. ref. 9):

Efx = CaxorsCa " Cx " @

Cax.org Is the total concentration of X~ transferred te the organic phase as fon-pair
with OF. Cy and C, are the total concentrations of X~ and @* in the aqueous p'hase.
The conditional extraction constant is refated to the stoichiometric by the relation

Egg == .EQx'qu'agl'a';l (S}

where the a-coefficients exoress the infiuence of side-reactions within the phases. The
e-coeficients are unity when side-reactions are negligible, and increase as the influence
of the side-reactions increases. The distribution ratic of X~ is then given by:

Dx = Eéx' CQ (6)

In reversed-phase ion-pair partition chromatography with an organic solvent
as stationary phase and an aqguecus mobile phase, the capacity factor of the anion X~
is given by:

ky = Vo Vit EXeCo N

V, 1s the volume of the stationary phase and V., the interstitial volume. For a given
stationary phase the capacity {actor can be resulated by the kind and concentration
of the counter ion in the agueous phase. The capacity factor, k4, can be varied within
very wide limits: addition of one methylene group irn the quaternary ammonium ions
used &s counter ions in this study increases Eg by about 2.5 times {¢f. ref. {1).

Dissaciation of the fon pair in i:e organic phase
A common side-reaction in the ion-pair partition of low concentrations of
organic compounds is the dissociation of the ion-pair in the organic phase®:

QX,,, = Q:r-g + Xz (8\

P2

It is especially proaounced in polar soivents, like i-pentanol, which give dissociatior
constants of abour 1073 mol/I*%. The conditional extraction constant is then given b

X - ’ _ N
EQX = EQX-&QX = EQX il - kd;ss{QX).{Q?Iaré) . {9
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where the dissociation constant is defined:
kdiss{QX) = [Q+}arg' {X-}arg' {QXIO_!‘; - . (I{})

When QX is the only ion-pair present in the organic phase, [@*]., and the ca-
pacity factor change with the concentration of the sample X—. This leads to tailing
peaks in the chromatogram. Eqn. ¢ shows, however, that if [0*],,, can be kept at a
constant level the conditional constant will not change with the sample concentration.
This situation can be achieved if 0% also is extracted by the organic phase as an ion-
pair with another anion Z~. If Cyz 4.y > Coy.oxg, and both ion-pairs have dissociation
constants of similar nagnitude, [@*],,, will be controlled by Cgy; .., and will be inde-
pendent of Cgyx .- The conditional extraction constant is then given by:

Eéx = Egx {1 + Kutsccoxy Kaiescozy  Eaz [T} [Z-1 %} (i1}

Eqn. II shows that if the aqueous concentrations of the counter ion @+ and foreign
anion Z~ are kept constant, E45, will be independent of the concentration of the sample
X~ this is a prerequisite to obtaining symmetrical peaks.

There are several indications that the dissociation of ion-pairs of the organic
znions in the present systems is suppressed to a constant [evel by the extraction of ion-
pairs of inorganic anions (H,PO,~ or SO.~) present in the mobile phase: Egy for
4-hydroxybenzoate as ion-pair with tetrabutylammonium (TBA) is independent of
Cox.org int the range 107 4°-1073% M, when the determination is made at pH 7.4 with
0.04 M phosphate in the aqueous phase (Table I}. Without suppressing the dissoci-
ation, Egy should increase by about four times when Coy.or decreases from 10—3%¢o
1045 M if kyocoxy = 1073 Also, the capacity factor of toluene-4-sulphonate on a
column with TBA in 0.04 M phosphate as mobile phase decreases by about 25 94 if the
mobile phase is made 0. M with respect to Br~. This is probably due to a decrease
in Eg% (eqn. [1} by Br~ which has a much higher E,, than phosphate (¢f. ref. 13}.

Regulation of the capacity factor

One of the advantages of reversed-phase ion-pair partition chromatography
is the presence of the counter ion in the mobile phase: this facilitates regulation of the
capacity factor by changing the type or concentration of counter ion. Fig. 1 illustrates
he change in the capacity factor of one sulphonate and one carboxylate ion when the
‘oncentration of the counter ion TBA is changed from zero to 0.05 M. The capacity
aetor of the hydrophobic ion-pair between toluene sulphonate and TBA rises from

"ABLEIL

‘APACITY FACTCOR OF 4HYDROXYBENZOATE

queous phase (batch and cofumn): TBA sulphate in 0.0% Af phosphate buffer, pH 7.4. Organic
hase (batch and column): I-pentanol. Column support: Bondapak C.s/Porasil B. V/Va = .79,
“stermination of EXy made according to ref. I4. £l = Fer Vi Edx Co.

‘ethad " Cg Cox.cer X I log ng Kirouns Ceale.

atch extraction 0.046° 3.3-17 208 . — -
olumn chromategraphy  0.05¢ — - 3.6 4.8
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Fiz. 1. Reguiation of the capacity factor. Support: Bondapak C/Porasi! B. Stationary phase; I-
pentanol. Mobile phase: TBA-sulphate in 0.04 M phosphate buffer pH 7.4. Samples: 1, toluene-4-
sulphonic acid; O, 4-hydroxybenzoic acid.
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Fig. 2. Celumn efficienty with different support diameter. Support: LiChrosors SI 60 silanized. O

38 zm (Glass column: flow-rate 2.4 mm/sec); &, 10 g (stee! column, 230 mem; flow-rats 3.0 mmf;ec)’
A, § gm (stee! column, 150 mm: fow-rate .7 mmy/sec). Stationary phase: 1-mnmol L.’Iob.ie phasc’
TBA 6.61, 0.02 or 0.63 Af in phosphate buffer pH 7.4, Samples: as in Fig. 4. : )
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zero to 28 while the capar:lty factor of the h&dropmhc ion-pair between 4-hydroxy-
benzoate and TBA reaches only 3.6. .

‘The slopes of the lines should, according to eqn. 7, be proportional to the con-
Jitional extraction constani. A -test of the validity of eqn. 7 is given in Table L. It
gives Ej for the TBA ion pair of 4-hydroxybenzoate obtained by batch distribution,
and the capacity factor found on a column with phases of the same composition.
There is fairly good agreement between the capacity factor found and that calculated
on the basis of the batch distribution data. Repeated changes of the counter ion con-
sentration did not affect the separating efficiency or stability of the columns.

Column efficiency

Column efficiency studies were p\,rformed on systems with a LiChrosorb sup-
port having mean diameters of 30, 10 and 5 um. The relation between the capacity
factor and the height H of a theoretical plate is demonstrated in Fig. 2. The variation
in capacity factor was obtained by using substances with different partition properties
(extraction constants). There is a very large decrease in A when the suppert diam-
eter is decreased from 30-10 pgm; z further decrease in the particle diameter, however,
seems to have little effect.

H is strongly dependent on the flow-rate on 30 um particles, as demonstrated
in Fig. 3; it reaches 2 maximum when the capacity factor is about 1.5. This indicates
that the dominating band-broadening effect is the mass transfer in the stationary liquid
phase (cf. refs. 9 and 15} due to the high viscosity of I-pentanol.

Separation of organic anions
An example of the separating power of the present chromatographic method

& {mm}

18]

-.‘:‘ Effect of capacity factor and flow rate on column efficiency. Support: LiChrosorb SI 60
anized, 30 um (glass column). Stationary phase t-pentanol. Mobile phase: TBA 0.01 and 0.02 Mf
- phosphate buffer pH 7.4. Samples: as in Fig. 4. Flow-rates: A, 5.9 mm/sec; @, 2.4 mm/szc; O,
-2 mmy/sec..

Jra s (A dae
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Fig. 4. Separation of sulphonzates ané benzoates. Support: LiChrosort SI 60 silanized, 10 gm (steet
column, 250 mm). Staticnary phase: I-pentanol. Mobile phase: TBA 8.03 M in phosphate buffer
£ H 7.4. (0.72 mi/min; 3 mmy/sec). Sample voiume: 22 ul. I = 4-aminobenzoic acid (7.6 ng}; 2 = 3-
aminobenzoic acid (110 ng): 3 = 4-hyvdroxybenzoic acid (32 ng}; 4 = 3-hydroxybenzoic acid (50C
£g): 3 = benzenesulphonic acid (3.0 ug): § = benzoic acid (58G ng); 7 = toluene-4-sulphonic acid
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Fig. 5. Separation of sulphonates and benzoates: gradient elution (g} compared to normal elution (B}
Support: LiChrosorb SI €0 sifanized, 30 gom (glass column, 283 mm). Stationary phase- I-pentanol
Mobile phase: TBA in phosphate buffer 0.04 M, pH 7.4 (0.4 mi/min; 2.0 mms’s'&_}‘ TBk—conceﬁtra:
tion: (2) 0.10 Af (o zero (finear)} in 0-5 mi of mobile phase: (&) 0.0£ Af. Sémp{e vo.Iu:ne: 20 gkl
1 = $-amincbenzoic acid (a. 40 ng; b, 27 ng); 2 = 3-zminobenzeic acid (a, 610 ng; b, 324 ngk:
§ = &-hydroxybenzoic acid (2, 179 ng; b, 63 ng); 4 = 3-hydroxybenzolc acid (2,27 L&é' E; 1.8 #51
s ? bengn;ﬁpb{)nic gc(ié (Z, 11 ;g b, 14 ug): 6 = benzoic acid (a, 2.1 az,; b,. 3.’2 ;;e}-;- 7»=—:
toluene-&suiphonic acid (g, 10 xg; b, % px2); § = sodi 2 4-dir E sy 2 :
e e {a,;g;_ #g,}‘ 22} odium 2,4-dimethylhenzenesulphonate (a, 7 ug);
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s shown in Fig. 4, where positional isomers of amino- and hydroxy-benzoates, and
-wo homologous aromatic sulphonates, are separated in the same run. The support
was composed of particles with a mean diameter of 10 ;am‘ pH was chosen so that all
ample components were present in ionized form and could be transferred to the sta-
ionary phase as iom-pairs with TBA. The benzoates with hydrophilic substituents
ire eluted first; the toluenesulphonate Iast. The positional isomers were rather well
separated: 4-substituted compounds were eluted before 3-substituted ones with sepa-
ation factors of [.6-1.7; the separation factor between the homologous sulphonates
vas 2.6. t

Fradient elution

In reversed-phase ion-pair partition chromatography, gradient elution is achiev-
=d simply by decreasing the ccunter fon concentration. This involves no risk of strip-
oing off the stationary phase —one of the main problems when gradient elution is
produced by changing the composition of a mobile organic phase.

Gradients were produced by mixing phosphate buffer pH 7.4 with a 0.1 M
solution of TBA in the same buffer. Fig. 52 shows a gradient run for a mixture of
isomeric amino- and hvdraxyvbenzoic acids and three homologous aromatic sulphonic
acids. A chromatogram from a normal elution with a constant counter ion concen-
tration, obhtained on the same column and with the same flow rate, is shown in Fig.
5b. The gradient gives improved resolution at the beginning of the chromatographic
run, smaller peak widths, and the elution of two further components which appear
very late in a normal elution. Such effects are normally found in gradient elution!s—'5.

The effect of gradient elution on H is demonstrated in Fig. 6 which also gives
results from a ncrmal elution. The gradient gives improved separating efficiency
when the capacity factor is larger than 2. (It should be emphasized that the gradient
was not optimized with respect to peak-broadening and resolution in this prelimi-
pary study.}

Injection of large sample volimmes
Large amounts of sample can be injected on a chromatographic c_qumn

¥ (mm}

L]
1

L
5 16 i5 Ky

! 2.6. Column efficiency in gradient and normal elution. Conditions: see Fig. 5. O, gradient elution;
& normat elution.
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Fig. 7. Injecticn of large sample volume. Sample: toluene-4-sulphonic acid (8} 5 gz in 1.075 mi of
TRBa-sulphate 8.10 Af (phosphate buffer pH 7.4). Injected with sample injection valve. Support:
LiChrosorb SI 60 silanized, 10 zm (stes! column, 250 mm). Stationary phase: I-pentanol. Mobile
phase: TBA-sulphate 6.0075 Af in phosphate buffer .04 Af, pH 7.4 (G.46 mi/min; 1.9 mm/sec).

without significant loss of separating efficiency if the injection can be made so that
the sample forms & narrow band at the top of the column. According to the equation

w,o = Vo (I - &), - (12}
where 1o is the volume of the starting zone and V, is the sample volume, this is best

actieved with a gradient giving a high capacity factor during the introduction of the

TABLE I
EARGE SAMPLE VCLUME
Sample: Toluene~4-sulphonicacidin 0.1 Af TBA, pH 7.4. V. = 1.0 mL Other conditions as in Fig. 7.

Sample k5 Peak H
Vaolwre Amaurs width (minz)
{29 fug} (i}

216 3s 36 435 e1s
1075 52 £2* 63¢ 9,237

¥ Calculated from the end of the injsction,
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-ample. The reversed-phase ion-pair partition chromatographic system is ideally
uited for this purpose, due to the ease by which the capacity factor can be changed:
he simplest way is to dissolve the sample in a solution of a counter ion of such a con-
entration that a high capacity factor is obtained.

Fig. 7 shows the result of injecting [.075 ml of sample solution or a column
vith an interstitial volume of 1.0 ml. The sample,-toluene-4-suiphonic acid, was dis-
olved in 0.1 M TBA to give a capacity factor of 30-40. (The eluent was 0.0075 A
"BA.) As shown in Table II, the psak-width increased by only 509 as compared
vith that obtained on injection of a small sample volume (22 gi}).

Application te human seruan samples

A preliminary study was made on the isolation of a hydrophilic acid, nicotinic
acid, in human serum. 1.0 ml of the serum was initially equilibrated with 0.1 ml of
I-pentanol tc prevent ““stripping™ of the stationary phase. After removal of precipi-
tated proteins by centrifugation, the aqueous phase was injected onto the column.
Fig. 8 illustrates the isolation of nicotinic acid (42 ng) from a serum sample of 22 ui;
no losses of nicotinic acid were observed during the analytical procedure. More hydro-
phobic sample components were easily removed from the column by backfiushing with
the mobile phase or a phosphate buffer.

The column properties were unchanged even after application of numerous
serum samples.

The positive results indicate that reversed-phase ion-pair partition chromato-
graphy may open possibilities for the isolation of drugs and related compounds in
serum or urine by the direct injection of the biclogical fluid.

.,.1

¢.002 &

-

] L]

I L 3

o

e ] 4 z e
mple: 42 ng of nicotinic acid in 22 k! of serum

F 1.8, Isolation of nicotinic acid in human serum. 52 i
250 mm). Stationary phase: I-

(i Support: LiChrosorb SI 60 silanized, 10 xm (steel column,
- itanol. Mobile phase: TBA-sulphate 0.12 M in phosphate buffer G.04

I mmfsec).

M, pH 7.4 (046 ml/min;
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