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SUMMARY 

The separation and determination of alkylsulfate and soap in their mixtures were 
investigated by salting-out cliromatography. The analytical conditions were as fol- 
lows: column, ‘25 mm I.D. and 325 mm long: resin, Amberlite CG-50 (200-400 mesh); 
eluent, aqueous 30% isopropanol-0.5 Msodium chloride solution ; column temperature, 
40.0°. 

The separation and determination of C,,-alkylsulfate and &,-soap were satis- 
factory. The gradient elution method was used to analyze commercially available 
soap and alkylsulfate in their mixtures. 

INTRODUCTION 

Since the technique of salting-out chromatography was proposed by SARGENT 

AND RIEMAN~, it has been applied to the separation of organic non-electrolytesavs and 
surface-active agents4-7. 

The present paper, one of a series a-7 of studies on the application of this tech- 
nique to the analysis of anionic surface-active agent mixtures, describes the separation 
and determination of alkylsulfate (AS) and soap, and also discusses some aspects of 
the separation mechanism of salting-out chromatography. 

EXPERIMENTAL 

The distribution coefficient was measured by a batch method using a so-ml 
conical flask with a stopper. The incubator (Model M-rN, Taiyo Scientific Industry 
Co. .Ltd., Japan) was used to obtain the adsorption equilibrium rapidly. The column 
used was 25 mm I.D. and 450 mm long (Sephadex column, Model, I<25/45 jacketed, 
Pharmacia Fine Chemicals, Sweden). A constant’temperature circulating unit (Model 
NS/!%5/22; Messgeraete-Werk, Lauda, G.F.R.) ,was’used to control the column temper- 
ature; ‘The ef%luent was. collected by a' fraction collector (Model SF-rGoI<, Toyo 
Sr.kntific, Tndmtr-v Co. Ltd.. Tanan). Ouantitative analvsis was carried out using a 
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Eight kinds of standard AS and soaps, the carbon number distribution of 
which was 12, 14, 16 and IS, were synthesized in our laboratory and purified by 
recrystallization from methanol or an aqueous methanolic solution. Instead of commer- 
cially available soap, soap having a range of allcyl groups (C1&Zle-soap) was synthe- 
sized from fatty acid prepared by mising tallow acid and coconut acid. 

Amberlite CG-50 ( IOO- 200 and 200-400 mesh), a weakly acidic cation-escl1ange 
resin, was used as a column support. 

All other reagents were of analytical-reagent grade. 

The ion-eschange resin was washed wit11 methanol using a Soshlet extractor 
and treated with aqueous 3 M sodiun1 hydroside and 3 LX hydrochloric acid solutions. 
The resin was then treated with 30 volumes of 3 !V sodium chloride followed by 
washing with 5 volumes of water and drying at 105” for 5 11. Tl1e n1easurement of 
distribution coeflicients and the chromatographic procedure were similar to those 
described earlier“ escept for the composition of the eluent. Quantitative analyses of 
these surfactants were carried out by the two-phase titration method wit11 bromo- 
cresol green according to MILWIDSKY AND HOLTZEIAN’S method 8, The solubility of 
AS and soap was represented as the clear point, which is the temperature at which 
the clear sample solution becomes a white turbid solution. This temperature was mea- 
sured by the following procedure. A solution of the surfactant was prepared in a IO-ml 
volumetric flask. The flask was immersed in water, the temperature of which was kept 
constant by the thermostat, and was shaken occasionally. The water temperature 
was decreased by 0.5” per hour. 

The gradient elution of C,,- C,&oap was carried out by the following procedure. 
A 40-ml volunie of aqueous 30 “,h isopropanol-0.5 IV sodium chloride solution was 
placed in a 50-1111 reservoir, which was connected to the column with polyethylene 
tubing. Simultaneously with the start of elution, 30 y/o aqueous isopropanol solution 
was fed into tllis reservoir from another one. Consequently, the concentration of salt 
in the eluant decreased gradually as the elution progressed. 

The chromatographic conditions detern1ined finally were as follows: resin, 
Amberlite CG-50 (200-400 mesh), H-form (partially Na-forn1) ; column, Sepl1ades 
colu11111 (Model Ii25/45 jacketed) ; eluent, aqueous 30 o/n isopropanol-0.5 M sodium 
chloride solution ; column temperature, 40.0~ : flow-rate 0.3 ml/min; determination, 
two-phase titration method wit11 bromocresol green as indicator. 

A sample molecu1.e n1ust be dissolved completely in the eluent in order to carry 
out salting-out chromatography. As soap is almost insoluble in a salt solution, the 
solubility must lx. increased by adding an organic solvent. ‘i’herefore, the solubility 
of soap in various types of mised organic solvent-water systems was investigated. 

The solubility of &,-soap in pure organic solvents, without water, was first 
studied. Methanol could dissolve more than 4 OL, of C..,-soal) at room temaerature. 
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N,N’-dimethylformamide (DMF), dimetll_vl sulfoside (DMSO) and acetonitrile were 
all less than 0.05 %. However, in mised organic solvent-water solvent systems, the 
solubility of soap increased greatly in comparison with the value in pure organic 
solvent. 

Fig. x sbws the solubility of C,,-soap, represented as tile clear point, in iso- 
propanol-water . The isopropanol-water system gave the largest dissolving power 
of all the organic solvent-water systems tested. In the case of homologous series of 
alcohols, the dissolving power decreases in the order isopropanol >ethanol>methanol. 

J 

0 25 50 75 100 
Volume percent of i!opropanol 

Fig. I. I<clntionship bctwccn clcnr point of 
wttcr nm~~l solt’cnt (Cl,-soap corlccntrc~tion 

C,,-aonp nilcl solvent cotnpo~itioii of isopropnol- 
800 tng/ IO 1111). 

Table I shows the distribution coefficients of C,B-AS and C,,-soap on the resin 
in various aqueous 30 o/o organic solvent-o.5 r1.l sodium chloride solutions. Prom Table 
I, it was found that the distribution coefficients of AS and soap in 30 “/b isopropnnol- 
0.5 M sodium chloride were the smallest of all, and this system was most suitable for 
separating both surfactants by salting-out chromatography. 

From these results, isopropanol was selected as the most suitable organic solvent. 

EIWECT OF ORGANIC SOLVENT ON DISTlPIl3UTION COl3FFICIENTS OF Cl,-.dS AND Cl,-SO,\P IN 300/” 

ORGANIC SOLVENT-O.5 M N&l SOLVENT SYSTEM AT 40° ON J!MBERLITE CG-50 
___._L____-.. __-..--_ ~__~_~~~_.~_~~~~~ 

Ojgnnic solvc~tt Disfriblcliott cor$?cimd 
- ---.- 

Cl,-AS C,g-soap 

Acctonitrilo 
D&IS0 
D&IF 
Acetone 
TIW 

Methanol Ethanol 
~~.__-___-_. 

23.6 7x3.0 
39.0 388.7 
I-$*7 gG0.1 

11.7 522.1 
44009 

44.5 19.7 ::;:Z 
- - __ - 
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EFFECT OP SALT lON ON DISTIZIUUTION COBFPICIERTS OF cl,-f\s r\ND cIz-SOAP IN 30 “/& ISOI’RO~~ANOL- 

0.5 Ad SALT SOLVENT SYSTEM AT 40” 

- 

Sdl .I.lislvibrrliois co@&171 

C,,-A s C ,,-soap 

(a) Efi!Ci of cntiorr. 
LiCl 3*-+ 19.5 
NaCl 21.2 
KCI ;:A 20. I 
NH.,CI 4.3 22.4 

(6) l$fbA qf twioiz 

NaNO,, 3.5 10.9 

NaCl 3.7 21.2 

CII,,COONa. 2.7 7.9 
Sodium tartratc 3.0 s.5 

(NI-t.i),SO, q..s 23.4 

It is thought that the type of salting-out reagent present in the cluent is one 
of the factors that influence the separation mechanism, Therefore, the effects of 
various types of salts on the distribution coefficients of C,,-AS and C,,-soap were 
investigated using aqueous 30 ok isopropanol-0.5 M salt solution as shown in Table II. 
Table 11s shows the effects of cations on the distribution coefficients of C,,-AS and 
C., ,-soap. In this case, the chloride ion was used as the anion in each instance. When 
using univalent cations such as lithium, sodium, potassium and amtqonium, little 
difference was found between the distribution coefficients of &,-AS or &,-soap. 
A salt having a bivalent cation cannot be used as a salting-out reagent because it may 
cause formation of an insoluble complex with a soap. Table IIb shows the effects of 
anions (nitrate, chloride, acetate, tartrate and sulfate) on the distribution coefficients, 
with sodium as the catioli in each instance (except for ammonium sulfate). It was 
found that the effect of anions was not as large as that of cations, regardless of the 
charges on the ions. 

From these results, sodium chloride was selected as the most suitable salting-out 
reageut. 

Table III shows the effects of the concentrations of sodium chloride on the 

EDPECT OF CONCENTRATION OF SODIUM CHLORIDE ON DISTl~lBUTION COl3FPICIICXT OF cl,-.I\s AND 

(.&SOAP IN 30% ISOPROPANOL-SODIUM CHLORIDE SOLVENT SYSTIEM hT 40’ 

Concentration of Distribartio?r. cocgicis?lt 
NaCl (iv) 

C,,-A S Cl,-soafi 

0.1 I.3 X9.7 
o-5 I.5 22.2 
+n en rP f 
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distribution coef?icicnts of C,,-AS and C,,-soap using 30 yO isopropanol-sodium 
chloride as the solvent system, From Table III, aqueous 30 o/o isopropanol-0.5 M 
sodium chloride solution W~LS selected as the most suitable eluent. 

Resin fuwticlc size 
It is generally claimed that separation and the peak width of the elution peaks 

are greatly influenced by the particle size of the resin. Therefore, the effects of the 
particle sizes of the resin on the separation of C12- AS and C,,-soap were investigated 
by using roe-zoo mesh and 200-400 mesh resin under constant conditions. With 
LOO-zoo mesh resin, the theoretical plate number of C,,-soap was r3r and the peak 
resolution between C,.,-AS and C,,-soap was r.gg, while in the case of zoo-400 mesh 
resin these values were 5gz and 5.29, respectively. From these results, zoo-400 mesh 
resin was used in these esperiments. 

El?ztl!ion cttY?w 

Fig. z shows an elution curve obtained with C,,-AS and C,,-soap under the 
conditions mentioned above. The two peaks are completely separated. 

100 200 
Effluent 

VOI%!?J 400, 500 
(ml) 

. . . * . Fig. 2. l~lutron curve ot CIz-n llcyl sulfate nricl C1,-soap. Column 25 111111 1.13. x 235 mm; resin, 
Ambcrlitc CG-50, 200-400 rt~csh; clucnt, 30% i-C,,I-I,OI-I--0.5 M NnCl; snmplc size, CI,-AS 20 mg, 

C12-soap 20 mg; flow-rate, 0.3 ml/iiiin; tcrnpcraturc, 40.0°. 

.._._ ---. 

AS 
Soap 
AS 
Soap 
AS 
Soap 
AS 
Soap 
AS 

‘I’&~ 11. 

OK!?) 
__._. _.---_- 

40.2s 

40.4r 
20.01 

4O*4I 
40.28 

20.03 
30.08 
20.03 

I~oll~lltE Rccovcvy 

Ws) (74) 
___-_-._-- ..--_ 

40.44 
40.77 
19.99 
40.05 
4x.17 
19.55 

29.72 
20.45 

100.4. 
100.9 

99a9 
9901 

102.2 
9901 
g3.s 

102.1 
20.01 20.71 10345 
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RecoveYy 
The recoveries of known mixtures, prepared by mixing C&-AS and C,,-soapin 

certain proportions, were analyzed and the results are shown in Table IV. The agree- 
ment between calculated and determined values appears to be satisfactory. 

Eflect of length of nlkyl groups 
Single-carbon C,,- AS and C,,-soap were used as standard samples for the basic 

investigation. However, it is assumed that the solubility and elution volume will 
change if the chain-length of the alkyl groups is changed. Therefore, the relation- 
ship between the elution volume of AS and soap having alkyl groups of different 
chain-length and the solubility of these samples in the eluent was studied, as shown in 
Fig. 3. It appears that the elution volume is proportional to the solubility of a sample, 

Cl6 
600~ 

500. / 
Cl6 

,400. 

w 

/ 

l 

Soap 

Cl4 

z 
;300* P 
E 

= 
g 

Cl6 
Cl8 

62 
Cl4 

voMo Alkylsulfate 

Fig. 3. Relationship bctwccn clution volume and clear point of AS and soap. 

200 

GO-CM Soap 

100 200 
Ef!luent volume (ml) 

Fig, 4. C;radient clution chromatogram of C,, -AS and CIO-&-so~pe Column, 25 mm I.D. x 235 
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Commercially available soaps usually have a carbon number distribution in the 
range ~-IS. The elution of soap having a large carbon number is too time-consuming. 
As &-soap is less soluble in the eluent, the soap in the effluent may crystallize at 
the outlet of the column. Therefore, the gradient elution method. was used to analyze 

/ ‘.’ commercially available soaps and AS in their mixtures. 
,v:,,: Fig. 4 shows the gradient elution chromatogram of C,,-AS and C,,-C,,-soap. 

The separation between both samples is satisfactory and the rate of elution of soapis 
increased. 

DISCUSSION 

Soaps have low solubilities in comparison with other anionic surface-active 
agents, such as sulfates and sulfonates. The soap molecules must be dissolved com- 
pletely in the elucnt in order to carry out salting-out chromatography. In the present 
study, this problem was resolved by mixing isopropanol in an aqueous salt solution. 
Compared with the low solubility of C,, -soap in the pure isopropanol, soap was 
readily soluble in the mixed isopropanol-water solvent system. This fact can be ex- 
plained according to the concept of “co-solvency” introduced by PALIT~. The water 
molecules in the solvent interact with the polar carboxyl groups of the soaps due to 
hydrogen-bonding. In contrast, isopropanol molecules in the solvent mainly interact 
with the hydrocarbon parts of soap molecules, Thus, when the soap molecules can inter- 
act with each component in the mixed solvent, they are very soluble in this mixed 
solvent. The fact that dodecane is more soluble in isopropanol than in DMF, DMSO or 
acetone shows that isopropanol mainly interacts with the hydrocarbon parts of the 
C,,-soap molecule. Thus, as the organic solvent added interacts with the hydrocarbon 
parts of soap molecules, it is desirable to use solvents having a lower degree of 
polarization than that of water. The dipole moment of isopropanol (r.6G Debye) 
is less than that of water (2.35 D). The dipole moments of DMF, DMSO and 
acetone are 3.96, 3.96 and Z.&S D, respectively, and these values are larger than that 
for water. In fact, C,,-soap was less soluble in these latter solvents. In the case of 
the mixed alcohol-water solvent system, the co-solvency power for C,,-soap decreased 
in the order isopropanol>:etl~anol>metl~anol. This fact suggests that the alcohols 
added interact with the hydrocarbon parts of soap molecules and the co-solvency 
power increases as the chain-length of the alkyl groups of alcohols increases. From 
these results, it is presumed that the organic solvents added in the eluent must not 
only have .a lower dipole moment than that of water but must also be completely 
miscible with water. 

Surface-active agents form micelles in aqueous solution. When two types of 
surface-active agent are present in an aqueous solution, mixed micelles are formed. 
A separation of both surface-active agents will not occur if the sample passes through 
the column in the form of mixed micelles. It is therefore necessary that the mixed 
micelles are dissociated to single molecules and pass through the column in that state. 
It is assumed that isopropanol added to the eluent serves this purpose. 

The solubility of the surface-active agent in the eluent decreases as the chain- 
lnnath r\f the allawl mrnl~nc nf the arwfadant inrren_cez. S1wfar.ta.n) mnledes 4&a.t,llave 
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menL, the gradient elution method was successfully adopted for these soaps. It is 
thought that the gradient elution method is ,useful for salting-out chromatography 
in which, the.number of theoretical plates is generally not so large. 

As the separation is achieved as a result of Van der Waals’ forces between the 
resin skeleton and the sample molecules in salting-out chromatography, the particle 
size of the resin influences the width of peaks to a great extent. When using a coarse 
resin as a column support,‘the resistance to mass transfer is increased by the diffusion 
of, the sample molecule into the interior. of the resin, and this may cause a broadening 
of the peak width. Accordingly, the smaller the particle size of resin, the larger is 
the number of theoretical plates of the column. In this experiment, the number of 
theoretical plates obtained with finer resin (200-400 mesh) was about three times that 
obtained with coarse resin (100-200 mesh). 
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