
SUMMARY 

A reversed-phase partition chrematographic system for separation of organic 
ations as ion pairs with qnatemary ammonium ions has been developed. Commercia!, 

hydrophobized silica supports are used wi& I-pentanol as st&ianzy phase and aque- 
ocs solutions of tetrabutylammoGum (TBA) = mobile phase. The sepzxxtian of 

aromatic sulphonates and benzoic acid derivatives is demonstrated. The use of the 
TBA concentraticm of the mobile phase to re&ate the capacity factor of the anions, 
as a means of improving separation by gadient efution and direct irrjecdon of Iarge 

sample volumes, is demonstrated. The iS&tion of nicotinic acid from hum= serum 

samples is Shawn. 

Revetsed-phase liquid-liquid partition chromatoraphy, as describedby Kowzrd 
and Martin’, has found rather timited application, due mainfy to the fact that 
;t has previously used columns of low efficiency and stability (c$I ref. 2-)_ Recent 
-tndies have shown, however, that highly &Sent columns can be prepared by apple- 
xtion of modern chromato_mphic techniques. Horwitz and Bloomqrri& have ob- 
-tined sood columns with bis-(2-erJy~e~yl)phosphoric acid as stationary phase, whife 
kaak and Hube? have prepared high-e%ciency columns with trioctyfamke as s’ti- 
!onary phase. In both cases aqueous mobile phases were used_ 

Reversed-phase, ion-pair, cohmn partitiolz chromatography wits iirst studied 
y Wahiund and Gr&&gssoI? with organic ammocirrm ions as substrates. Eksborg 
i aL6 have reported 011 the reversed-phase chromatography of aminophenols &S ion- 
bir adducts with bis-(2_eth,vlhesyi)pfrosphoric acid. In both cases the column efii- 
ency u7a.s rather Iom. 

En the presect study: the above di&ufties have beelr overcome by the u.% of a 
rode*- technique of column preparation. Systems with high separating efficiency 

nd iotig-teLar &&isty have been obtained by the use of sma&diameter Supports 

nd an improved packing and coating technique. 
The combination of reversed-phase liquid-liquid cbromato$$rapby and ion- 



is of pz_rtlcuIsr v&e for the ZX&S~S of h@iopIdk compounds. Fu~diermore, it 1s 
siri@e to regulate tke retention Of th e s~o~trate by va_qing the type and conceentration 
Of tte counter ion in tke mobile ~~UXXIS pk2.se. f?~is opens exceilent possibilities for 
gradient eEutii;n arrd the 2pplicAon of large sanp~z vo!umes mitkot~t a loss in sep2; 
ratlrg ei&%lcy. 

The 2.im of tke pmenr study is to investigate tie properties of 2 reversed-phase 
ion-_pair system suitable for the separation of kydropkiiic organic acids. The in&ence 
Of tke composition of the mobile 2oueous phase and side-reactions in the or,gznic 
p&e (dissociation) have been imest&ted. The seIe&vity of the system is illustrated 
by sepz=ting a mixture of benzoic arzd bemenesu!phonic acid detivatives. Appfi- 
c&ion of &he _adient elution tecktique is demonstrated, together with rhe use of 
the method for isolations frO_m biolo&zl material. 

Dctzctor: LDC UJJ-Mmitor Modd 12@5, wavelength 254 nm, cdl volume 8 .pE. 
Pumps: ~hmmaDo~& Ckeminert Metering pump C-VP-I L. I_.DC Soh’ent 

Defivery System Modef 72 1-26 (Milton-Roy pump). 
C&mms: Sepvation 2nd pre-coirtmn of borosiIic2te gI2ss (sifanized), 3fZQ 

mm x 2.7 mm I.D_ 316 stsi&zs-stee! coItrmos, polished surface, for smafl p&i& 
stipports, 3.1 2nd 3.2 mm I.D. @Fe-coiunm: 159 mm x 4.5 mm LW.). 

I~jeciors : Septrzm injector made of Swzgelok unit.s. High-pressure @300 p.s.i.) 
sample injection valve, Alter Sciemiiic, 

Gradient mixer: lI330 UItrograd gmdient mixer (LKB, Bromfna, Swedenj. 



:ation of ‘Lhe ik S&T method of Kirkland and DiIks*. me coIumn was eqcflibmtcd 
-with acetone: f&owed by 25 mf of a LO ‘A solution of I-pentanoI in acetone at a ftow- 
-ate of L IIII/~~~. F~IEI&‘, the mobile phase (aqueous solution) saturated with f- 
~~ntanol was pumped through the caiumn at a flow-rate of 0.2 miJmin u&i 2 stzble 

)aseIize ~2s obtained. The passage af about 100 rzI of mobile phase was usua~y 
equireci. 

The coating was dane with the separation 2nd pre-columns coupled in series 
‘nd maintained at 25.0 & 0.1 3. 

The Bondapak C,JPorasif B was coated with stationary phase by eviporation 
+om methytene chloride solution; the slurry was then packed in glass columns with 
.L rod (cf- ref. 9). 

The amount of stationary phase on the COhMnS was determined by gas chro- 
natography after e&ion of the stationary phase with ethanol. The Iaading was OA- 
a.5 mEjg ori the LiChrosorb particles, and 0.6 MI Jg on the Bondapak support. The 
interstitial volume was determined by the injection of potassium nitrate or 4-hydroxy- 
benzoate with phosphate buf3er pK 7.4 as the mobile phase. None of these compounds 
was retained on the CO~XTXI. 

The separ&on column was always preceded by a pre-column prepared in the 
sme -gay, with the exception that LiChrosarb 30 pm particks were used in the pre- 
column to alf LiChrasorb packings. 

The whale chromato,gaphic system, from the soivent reservoir to &he column 
outIet, was kept in an air-thermostatted box at 25.0 & 0.t =. In order to prevent pen- 
tanol being precipitated in the detector, a cooling tube was coiled around the ceU- 
hoider. (The stationary phase dissolses to abaut 2_S”A in tfre mobile phase and even 
a small temperature increase can cause precipitation af pen&not.) AH mobile phases 
and sample soIvents were also kept at 25.0 & 0. E ‘. CoEumns treated in this way were 

used continuously for several months without change of properties. 
To prevent basefine shifts in gradient elution, it was nLecessary to use a reference 

system identical to the separation sysrem. The Aaw from the gradient-mixer was 
therefore split into two streams with separate pumps, one for the Sepr2tiOn system’ 
E-nd one for the reference system. The Bow-rate from the latter was passed through the 
r-ference channel of the detector. 

2 +pair partitim and the capacity factor 
An organic anion X- can be extracted by a counter ion 9’ from an aqueous 

E 35~ as an ion-pair, acco,rding to the reaction 

7 
1 :e distibutioail ratio af X- between the oq&c and aqueaus phases is @en by 



-1 -1 E& = &x - czQx. q - LI_~ (3 

where the a-cae&ieatS express the itirtence OfSide-reactions WitER the phaSeS. %X2 

c-cO&EcientSaare unity-&en Side- reacdonsa~enegli~bIe,ardi~~re~e~sei~uen~ 

ofthe side-reactions inc:ezses. The distribution ratio ofX- is then &=en by: 

In reversed-phase ion-pair partiti~.~ p chr5matG_mphy with an organic Solve& 

as sf~tlonzryphase and an aqireous ~obifephaSe,the~paci~facto~ofthe anionX_ 
is &en by: 

Et is eq&aILypronozxed in polar Solvers, Iike E-peotanof, w&h gve dissociatiot 

constaantS ofabour iW" mofjt". The conditional exirzctiol~ const&iS then given bJ 
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where the dissocia&on constant is defined: 

- When Q.X is the only ion-pair present in the organic phase, [Q+],, and the ca- 
pacity factor change with the concentration of the sample X-. This leads to tairing 
peaks in the chromatogram. Eqn. 9 shows, however, that if [Q+],,, can be kept at a 
constant level the conditional constant wif1 not change with the sample concentration. 
This sitruation can be achieved if Q+ also is extracted by the organic phase as an ion- 
pair v&h another anion Z-. Lf CQz_ B CQx.crs, and both ion-pairs have dissociation 
cons’tints of simifar +naguitude, [Q+& wiIl be controlled by CQZ,orO and wilf be inde- 
pendent of CQX,orq. The conditional extraction constant is then given by: 

Eqn. f f shows that if the aqueous concentrations of the counter ion Q+ and fore& 
anion Z- are kept constant, EQ& vt%f be independent of the concentration of&e sample 
X- : this is a prerequisite to obtaining symmetrical peaks. 

There are several indications that the dissociation of ion-pairs of the organic 
anions in the present systems is suppressed to a constaut level by the extraction of ion- 
pairs of ioorganic anions (H2P0,- or S04’-) p resent in the mobiie phase: Egx for 
thydroxybenzoate as ion-pair with tetrabutykzmmonium (T’BAJ is independent of 
CQx-om in the range 10-4.5- IOS3.’ M, when the determination is made at pH 7.4 with 
0.04 hJ phosphate in the aqueous phase (Table I). Without suppressing the dissoci- 
&on, EQ$ should increase by about four times when CQX.org decreases from IO-‘-* to 
IO-‘*’ M if k dlrsfQXj = 10-5. Also, the capacity factor of tofuene4-sulphonate on a 
coIumn &h TBA in 0.03 M phosphate as mobile phase decreases by about 25 ok if the 
mobile phase is made 0.1 M with respect to Br-. This is probably due to a decrease 
in E& (eqn. I I) by Br- which has a much higher Eat than phosphate (CA ref. 13). 

One of the advantages of reversed-phase ion-pair partition chromatography 
is &e presence of the counter ion in the mobile phase: this faciMates regularion of the 
capacity factor by changing the type or concentration of counter ion. Fig. f illustrates 
he change in the capacity factor of one snlphonate aud one carboxylate Ion when the 
:onccntration of the counter ion TBA is changed from zero to 0.05 M. The capacity 
‘actor of the hydrophobic ion-pair between tofuene sulphonate and TEL4 rises from 





zero to 2% white the Capacity factor of the hydrophilic iun-pair between 4_hydroxy- 
‘benzoate and TBA reaches only 3.6. 

The slopes of the iines should, according to eqn. 7, be proportionai to the con- 
Jitional extraction c~nslmK A-test of the validity of eqn. 7 is @ven in Table I. It 
gives I?:_ far theTBA ion pair of Chydroxybenzoate ob’&ed by batch distribution, 
snd tf;t capacity factor found on a column with pha^ses of the same composition. 
There is fairly- goad agreement behveen the capacity %%x found and that cakufated 
GUI the basis of the batch distribution data. Repeated changes of the counter ion con- 
zentration did not affect the separating efhciency ar stability of the.cofumns. 

Column efficiency studies were performed on systems with a LiChrosorb sup- 
Fort having mean diameters of 30, 10 and 5.~rn. The relation between the capacity 
factor and the height H of a theoretical plate is demonstrated in Fig. 2. The variation 
in capacity factar was obtained by using substances wirh different partition properties 
(extraction constants). There is a very large decrease In H when the suppcrt diam- 
eter is decreased from 30-10 pm; a further decrease in the particle diameter, however, 
seems to have Iittle eflfect. 

X is strongly dependent on the flow-rate on 30 pm partides, as demonstrated 
in Fig. 3; it reaches a maximum when the capaciw factor is about 1.5. ?&is indicates 
t&at the dominating band-broadening effect is the mass transfer in the stationary liquid 
phase (cf- refs. 9 and Is) due to the high viscosity of I-pentanof. 

An example of the separating power of the present chromatographic method 





,RI~ERSED-PHASE fON-PAIR CHROMA-rOCWHy 419 

IS showr~ k Fig: 4, where positional isomers of amino- and hydroxy-benzoates, and 
:wo homologous aromatic suIphona~es, are separated in the same run. The support 
xas composed of partick v&h a mean diameter of IO pm. pH was chosen so that all 
.ampk components were present in ionized form and could be transferred to the sta- 
ionarf phase as ion-pairs with TEA. The benzoates with hydrophik substituents 
ire eluted first; the tofuenesulphonate iast. The positional isomers were rather well 
;q~~ated: 4-substituted compounds were eluted before S-substituted ones with sepa- 
.ation factors of I.64 -7; the separation factor between the homologous sulphonates 
vas 2.6. L 

In reversed-phase ion-pair partition chromatography, gradient eh,&on is achiev- 
cd situp& hu decreasing the counter ion concentration. This involves no risk of strip- 
ping off the stationary phase -one of the main problems when gradient &&ion is 
pro&~& by changing the composition of a mobile organic phase. 

Gradients were produced by mixing phosphate buffer pH 7.4 with a 0.1 34 
solution of TBA in the same buEer. Fig. 5a shows a gradient run for a mixture of 
isomeric amino- and hydroxybenzoic acids and three homologous aromatic sulphonic 
acids. A chromatogram from a normaf eiution with a constant counter ion concen- 
tration, obtained OR the same column and with the same ffow rate, is shown in Fig. 
5b. The gradient gives improved resolution at the beginning of the chromatographic 
run, smaEEer peak widths, and the elution of two further components which appear 
very tate in a normal elution. Such effects are norm&y found In gradient elution’6-“. 

The effect of gradierrt elution on H is demoastrared in Fig. 6 which ako gives 
resufts from a ncrma1 dution. The gradient gks improved separaEir?g efkiency 
when the capacity factor is larger than 2. (It should be empha’sized that the gradient 
was not optirt_Lized with :espect to peak-broader& 0 and resolution in this prelimi- 
nary study.) 

iirjecfiois czf large sumpie vohnes 
Large amounts of sample can b e injected on a chromatographic column 

i g. 6. C&J- e&&m in m&ent and nom& &tion. Conditions: see Fig. 5. 0, szdient elution; . 
C ~0mxtE ehtC3n. 



wttihout signif;cmt loss of separating efkiency if the injection czm be made so tbzt 
the szmpfe forms a RZZ~QW band at the top of the cohmn. According to the equation 
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-ample. The reversed-phase ion-pair partition chromato~aphic system is ideally 
uited for tf& Purpose, due to the ease by which the capacity factor can be changed: 
he simplest Way is to dissolve thi sampfe in a sofution of a counter ion of such a con- 
&~~f~on that a high .capaciQ factor is obtained. 

IT&? shOWS the resuIt Of ittj~ting f&K5 ml of sample solution on a cohnnn 
-~itk an inteCSt%af VOfUme Of 1.0 ml. The sampIe,-tOfuene_4_su~phOnic acid, was dis- 
.olved in 0.1 M TBA to give a capacity factor of 30-N. (The eluent was 0.0075 .M 
TB_4.) As shown in Tabie IL, the peak-width increased by only 50 0A as compared 
&k that obtained on injection of a small sample volume (23~1). 

.ippikarfoiz rQ firman serm~ sartrpies 

A pre1iminzn-y study was made on the isolation of a hydrophilic acid, nicotinic 
acid, in human serum. I.0 ml of the serum was initiaufy equilibrated with 0. I ml of 
I-pentanof to prevent “stripping” of the stationary phase. After removal of precipi- 
tated proteins by centrifusation, tke aqueous phase was injected onto the cdumn. 
Fig. 8 i!lustrates tke isolation of nicotinic acid (42 ng) from a serum sample df 22 pI; 
no losses of nicotinic acid were observed during the analytical procedure. More kydro- 
phobic sampIecueponents were easily removed from the column by backflushing with 
the mobile phase or a phosphate bufEer. 

The column properties were unchanged even after appfication of numerous 
seriim samples. 

Be Fositive results indicate that reversed-phase ion-pair partition ckromato- 
_gapky may open possibilities for the isolation of drugs and related compounds in 
serum or urir,e by the direct injection of the bioIo@cal fluid. 




