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SEPARATION AND DETERRlINATION OF MIXTURES 01: ANIONIC 
SURFACE-ACTIVE AGENTS BY SALTING-OUT CHROivIATOGI~APHY 

The optimum chrornatographic conditions for the separation and detcrmina- 
tion of mixtures of aniqnic surface-active agents by salting-out cliromatography were 
determined. The conditions finally adopted were as follows: column, 25 mm I.D. 
and 410 mm loxig; resin, Amberlite CG-50 (200-400 mesh) ; eluent, aqueous 30% 
isopropanol-0.2 M sodium chloride solution ; column temperature, 40,o’. 

The elution behaviour of various types of surface-active agents was examined 
under these conditions and the surfactants were classified by their elution volumes in 
order to establish separable combinations. 

JNTRODUCTlON 

The technique of salting-out chromatography has been applied to the separa- 
tion and determination of organic non-electrolytcsl*2 and surface-active agentPO 
since it was proposed by SARGENT AND RIEMAN'. 

We have developed this technique in order to establish a new analytical method 
for the separation and determination of ionic surface-active agents. Previously, 
analytical investigations of the following combinations llaqti been reported: linear 
alk$lbenzene sulphonates (LAS) and branched alkylbenzeqe sulphonates (ABS)” ; 
hydroxyalkane and alkene sulphonates in a-olefin sulphonates (AOS)d; alkylsulphates 
(AS) and LASa; and AS and soap a, However. in the analyses of these two-component 
mixtures, the chromatographic conditions used for the different combinations were 
not identical, Accorclingly, the relative elution volumes of these surfactants were 
obscure, so that it was difficult to apply the information obtained from previous work 
to the analysis of mixtures with more than three components or of mixtures in which 
the constituents were unknown, 

Therefore, the optimum salting-out chromatographic conditions for the sepa- 
ration of two-component mixtures were investigated and the separation and deter- 
mination of the constituents of mixtures with more than three components under 
these conditions were also stucliecl. 



The anionic surface-active agents used were +-tolucncsulphonate (PTS), AS, 
LAS, ABS, nlkancsull~lionates (SAS), AOS, cli-2-etliylliesylsulphosuccinate and soap. 

The surhcc-active agents were classihcl according to the clution volume ob- 
tainccl under the optimum chrotnatograpliic conditions. 

A~~nrntus 
The column 

lC25/45, jackctecl, 
used was of25 mm I.D. and 450 mm long (Seplx~cles column, Model 
Pliarnincia l.;inc Clicmicals, Swcc1cn). A constant-tempcraturc cir- 

culnting unit (Model NS/S15/22, Mcssgernctc-Wcrk, Laucla, G.F.R.) was usecl to 
control the column temperature. A constant-l-low pump (Moclcl I’,, Japan Electron 
Optics Laboratories Co. Ltcl., Japan) was usccl to regulate the flow-rate of the elucnt. 
A Uvicord II detector (LICE!-l’rocluktcr AB, Swcclcn) was usecl for rccordiiig the elu- 
tion cliromatogram of PTS, 

Amberlite CC-jo (200-400 mesh), R weakly acidic cation-exchange resin, was 
usccl as a’column substrate. C,,-AOS, AS and soap were syntliesizccl in our laboratory 
ancl purified by recrystallization from an aqueous mcthanolic solution. LAS and ABS 
were manufactured by our company and puriiied by the usual methocl~. SAS, cli-z- 
etllylllexylsull~l~osuccinatc and AOS, except C,,- AOS, were manufactured by our 
company and were usccl without further purification, All other reagents were of 
analytical-reagent grade. 

The conclitioning of the ion-cschange resin and the cllron~atographic proceclurc 
were similar to those describccl carlic9. Quantitative analyses of these surface- 
active agents were carried out by the two-phase titration metliocl with bromocresol 
green according to ~VIILWIDSKY AND MOLTZMAN’S methodR. In the analysis of PTS, 
the absorbance of each fraction was measured at 261 nm because of the difficulty in 
carrying out the cluantitativc analysis by the two-phase titration method. An ex- 
periment to calculate the recovery of a sample was carried out according to the follow- 
ing method. The eluate of a section corresponding to an elution peak in the chromato- 
gram recorded was collected in a calibrated flask ancl clilutcd to volume with the eluent. 
A reference solution was prepared by cliluting the same amount of sample solution to 
the same volume, The volume of titrant or the absorbance at 261 nm of both solutions 
were nieasured, with the elucnt being used as a blank solution. The recovery was cal- 
culated from the ratio of the results on the sample solution against the results on the 
reference solution. 

The chromatographic conditions finally acloptecl were as follows: resin, Amber- 
lite CC-50 (200-400 mesh) : column, Seplladcx colurm (25 mm I.D, and 410 mm long) ; 
eluent, aqueous 3o”/” isopropanol-0.2 .M soclium cllloridc solution: column tempera- 
ture, 40.0’ ; flow-rate, 0,7 ml/min ; cletermiiiation, two-phase titration methocl with 
bromocresol green as inclhtor. 
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RDSULTS AND 13ISCUSSION 

In orclcr to clctcrniinc the optirnurn clironiatograpl~ic conditions, the elution 
lxliaviour of C&AS nncl. LAS was first investigated lxxausc the clution volumes of 
tliesc surfactants are similar. 

As sonp is nlmost insolulAc in il salt solution, isoprcqmiol was aclcl.ccl to tlic clu- 
ent in order to increase tlic solubility of soap in tllc clucnt. ITron a preliminary 
cxaniination, sodium cl~loricle was sclcctecl as the salting-out rcagcnt. 

The effects of tlic concentrations of isoprolxmol on tlic clution curves of C,,- 
AS and LAS wit11 isopropanol-0.5 M sodium chloriclc solution usccl as the solvent 
were esnminccl. The concentrations of isopropanol tcstccl were 20, 25, 28 and 3o”/& 
The lower tlic concentration of isopropanol, tlic greater wcrc the elution volume ancl 
peak resolution. At the same time, the tailing of the peaks also increasccl and the width 
of the peaks lxoaclcnecl wllcn the concentration of isopropanol clecreasecl. Therefore, 
the concentration of isopropanol was fisccl nt 307” in consiclcration of tlic peak reso- 
lution ancl tailing. 

In order to csaniiiie the cffccts of tlic concentration of soclium cliloricle in the 
eluent on tllc elution volumes and peak resolutions of C&AS nncl LAS, the clution 
l~elinviour of both samples was investigated by using 30% isopropanol-soclium clilo- 1 
ricle as solvent, as shown in Fig, I. It is apparent that the best peak resolution was 
obtained when tlic concentration of sodium chloride was 0.2 ill although the clution 
volumes of both sainplcs were at a masimuni when tlic concentration was 0.4 M. 
From these results, 3s7(, isopropanol-0.2 AIJ sodium cliloriclc solution was acloptecl 
as lxing the most suitahlc clucnt. 
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Fig, 1. Wfcctv of concontri~tion of Hodhim chloriclc on clution volume nncl pcnlc rcaolution of C,,- 
AS and LAS. Ccmccntrntion of iuopropanol = 30%,. 

Fig. a. Elutiori curve of ITS, C,, -AS, LAS :rntl C,,-soap. Column, 2.5 mni I.D. x 410 mm; resin, 
hmbcrlitc! CC-so, 200-400 nicsli: cluont, Jo”/( iaopropnnol-0,z AI sodium cllloriclc ~otution; Flow- 
rntc, 0.7 ml/min; tcmpcrnturc, L~oOoO; wmplc size, afj mg. 



354 S. FUDANO. I<, ICONISWI 

REcovr3rzlmi 0~ sAn1w.m I~ROBI ccaunfx 
----_-_-.-__.. .._._ ___. _... . . . -._---_-.._ 
Sample Rccovc~y ( ‘%,) 
-..-_..- .._. ..- .._.... ._.... _._ ._. . . .._ __ ..-.._ . . . . 

PTS g8.6 
c&,-AS 100.9 
LAS 99.5 
C,,-.4OS (llytlroxynllwlc) 99.0 
C,,-AOS (alkcnc) 98.2 
c, ,-Soap 9807 
_-_- _I....._._. -...- _-... - .._... - . ..__..-...... .- 

Flow-mle 
The effect of flow-rate on the number of theoretical plates was studied by chng- 

ing the flow-rate from 1.9 to 0.35 ml/min. At flow-rates of I+9 and 0,35 ml/min, the 
number of theoretical plates was 202 and 264, respectively, thus showing that the 
lower the flow-rate, the better is the separation. However, the use of a very low flow- 
rate is time consuming, and consequently the flow-rate of the eluent adopted was 
0.7 ml/mm. 

Elulion cwves 
Fig. 2 shows an clution curve obtained with a four-component misture pre- 

pared by mixing PTS, &,-AS, LAS and C,,-soap uncler tire above conditions. The 
clution curve of PTS was recorded by the absorbance at 2G1 nm. The elution curve 
for a mixture of PTS. C,,-AOS (hydroxyalkane and alkene sulphonates) and C,,- 
soap is shown in Fig. 3, The peak resolutions were satisfactory, The elution of soap 
can be speeded up by using the graclicnt elution method described earliere, 

Recoveries 
The recoveries of the surface-active agents from the column were investigatecl, 

The results in Table I show that the recover& are satisfactory. 

In salting-out chromatography, a sample of lower solubility is generally well 
aclsorbed on the resin and tends to give a large elution volume. It is assumed tlrat there 

PTS 

ZOO- 
1'2 1'4 1'6 l's 

Chain-length otalkyl groups 
Fig. 3, Elution curve of ITS, &-AOS flnd C,,-soap. Contlitionv a:: in Fig. 2. 

Fig. .I. Relationship bctwcon clution volume ancl chain-length of alkyl groups. 
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CLASYII’ICATIOS 01’ SURI:ACII ACTIVI~ AGESTS I3Y BLLITION VClLULIIr. 
---_._..I_.._... _.__--__--.__---.I . ._...... -_. ._. - . 

Gvol~p Su<face-uctivc agort 
..-. __-._--- ___.___ --_. ._--- ._....... ._-__ .._.. - . . . 

1 I?TS 

2 C+-AS 
;16-tbII; (IIytlroxyallcanc) 

w 
l~ig-2-otlIyll~cxyl~uIl~l~o~uccinnte 

3 
. Cl,-AC% (nllwnc) 

JAS, AI3S 
C,,-SAS, c:,,-%\S 

4 Soap 
_.... . __ ..__..__, .._.____...., .._ . .._ .._ _... _ _. ___ _ 

is a difference in solubility and clution volume if the chain-lengths of the alkyl groups 
of the surface-active agents arc different. Therefore, the elution volumes of AS, AOS 
and SAS having different chain-lengths of alkyl groups were studied, as shown in 
Fig. 4. It appears that the logaritlm~ of elution volume is proportional to the chain- 
length of the alkyl groups in the sample, which indicates that surfactant molecules 
that have long-chain alkyl groups can lx easily salted out and adsorbed on the resin. 

Table II shows the classification of the surface-active agents by their elution 
volumes. PTS in Group I is eluted first and soap in Group 4 is eluted last. A four- 
component sample mixture, prepared by mixing surfactants selected from each group, 
can be separated unclcr the above conclitions, 

CONCLUSION 

The optimum salting-out chromatograpllic conditions for the separation of 
mixtures of anionic surface-active agents were determined. Various types of sur- 
factants were classified by their elution volumes in order to establish separable com- 
binations of surface-active agents. 
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