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Note 

A note on the thin-layer chromatography of mixed surfactant systems 

Phosphated surktants have been introduced in recent years liw the enwlsifi- 
cation of- pesticides and wcttin, CT activity under a wide range of-cnvironme!ital condi- 
tions since, :tlthough they art’ themselves acidic_ they arc relatively unatt‘ected by pH 

or the presence ol‘electrolytes. Twx~ of- these interestir _ :rl materials, phOSplli~ted nonyl- 

phenol ethosyhte (PNE) and phosphated fkty alcohol dmsylate (PFE), have re-, 
cent& been insestigated in our laboratory since they may lind ttpplicxtion in the 
f~xmtttion ofaspontaneous eniulsions’-h tlnd 11-e \s’ere presented \vith the problem of the 
separrition and cluantitative estimation of niistures of‘ thcze compounds. 

The thin-layer clm-mxtto~rapl~y (TLC) of surl~ctants has been investigted by 
ot liers’-s _ and it seemed to us that the method should be applictible to our compounds. 
A large number of‘dcveloping systems were investigated to cover ;I wide range ofpolnri- 
ties itnd pHs. In the majority ofcases the individual compounds”tailed”or Failed to run 
satisfktoriiy. Hmvevcr, as described by Mustah’, iL niisture cmsisting ofmcqual parts 
of butanol, _ ~~lacirtl acetic acid and water resulted in the development of- adequate 
spots. and using the methc%d described in this paper, the irldividLlal’compoLIildS were 
slxxm to be substantially homogeneous in identity’-3. IMistures of the t\vo compounds 

resulted in the unesprctcd detection ofmadditional spots, dependins upon the constitc- 
tion ot‘the misturc, and this observation led to the demonstration o!‘cornplcs fortnil- 

tion between the two compoundsg. 
Cf- direct interest to us was the fkt tht additional spots could be detected 

\vhen quaternary mistures of* the two surlktnnts, mhekme and welter were run on the 
plates since these wre known to form different tyf-ks of liquid crystalline structure. 
itsin depending on the constitution of- the system. 

Since the association between surhctants is well documented’, our observa- 

tions may be relevant to other investigations involving the detection ofcompo~~ents in 
mistures of sur!ktants. 

ESPERIMENTAL 

PNE: Phospholnn PNP-9 (Lankro ChernicaIs, Manchester, G&at Britain)‘. 
PFE I Phospholan PGB-3 (Lankro Cl~ernicztls)3_ 

_ Present address: Pharnxxy Department, School of Pharrnricy, University of BaShdxt. Iraq. 



2% NOTES 

Butzlnol, chlorc~fbrn~, glacial acetic acid and II-hcsane were all laboratory grade 
rcagcnts (Fisons. Loughborou$ Great Britain). 

Waterr triple $ass-distilled_ 

TLC was based on the method of Patterson L’C ~1.’ and Mansticld and Lo&es_ 
Silica gel (Kkselel_ E_ Merck, Darmstadt- G-F-R_) was sprcttd at ;I thickness 01~0.25 
mm on 20 :-_ 20 cm glass plates and dried. Usin F u 5;rtl pipette \\ith dryins bet\vecn 
each application 30;crl volumes ofthe surfktants dissolved in chloroform ( IO mg- ml-‘) 
were applied as spots at the ori$n_ 

After development with a mixture of equal parts of butanol, glacial acetic acid 
and xtter. the plates were dried and organic materials detected by spraying with 
sulphuric acid and heatins in ;1 hot-air oven at 1 IO-_ Similar results \\-ere obtained 
by exposing the platty to iodine -pour or by spraying \vith Burger‘s Rcagznt. ;I?; 
moditied by Patterson C*I ai_‘_ 

RESULTS 

Results c~btaicrd in replicate experiments are stmm~arizcd in Table 1. 
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DISCUSSIOB 

Usins other physical methods the two compounds under investigation have 
been shown to form a definable complex in the presence of water in approximately 
equal parts by \veight4.5. It was not altogether unexpected therefore when a 5050 
misturc was run under the same conditions with ;L polar development system that 
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only a single spot could be detected with an R,,- roughly hal!kay between those of the 
spots of the individual components_ In addition, it was noted that mixtures outside 
this ratio would give two spots, one correspondin g to rhar of rhe complcs alone and 
the other correspondinp to whichever component was in excess. Clearly the water in 
the developing solvent is able to enter into the mixture at the origin and assist ill sirrr in 
the formation ofa complex which. in itself, must evidently be tightly bound together. 
It is believed that the complex forms by electrostatic attraction betlveen the two mole- 
cules. and Yalabik (unpublished results) has demonstrated that complex formation 
is suppressed at hi$l pH, su ggesting that the ionization of the phosphate polar head 
groups on the individual molecules causes them to repel each other. This observation 
may well account for the facr that the compounds themselves can onlv be dcvelopcrl 
on a silica gel plate under i’ery acid, polar conditions_ _ 

A detailed investigation of the phase relatmnships in the quaternary system 
PNE-PFE-~z-hexane-\vater showed3 that the system is characterized by the presence 
of extensive areas of anisotropic liquid crystalline material. Two ditt‘erent types of 
liquid crystal wxe identified, the predominant type being described as “neat” \l:ith a 
smaller amount of--middle phase” liquid crystal also being present_ When the equilib- 
rium phase dia srrtm is drawn out. it is evident that the complex sgtem described above 
is, in some \vay_ involved in the formation of liquid crystals since thev tend to form 
aIons the tie linecorresponding to ;1 5050 mixture of PNE-PFE. Ho\t:evcr. both water 
and n-hesnne are also involved in the formation of the liquid crysrals which evidentI> 
have ditlkrent structures. one form (the --neat”) changing to the --middle phase” 
structure ~1s the proportion ofthe non-polar iz-hessne is increased. \Vhar NXS suprising 
~1% that the liquid crystals appeared to behave as if they were new entities without 
disruptin, 0 into their componenr parts and, indeed. \vith properties quite ditkent 
from those of the components. For example. it \vjll be noted from Table 1 that the 
middle liquid crystal ~novt’s much slower than <he slo\vest of the two surt’.lctants. 
\vhcie:ts the neat material moves appreciably tkter than the fastest of the two com- 
ponenls_ 

TNX~ alternative mrchanisms can be put forward to account for the separation 
of materials by a chromatoprtlphic processI*_ The first mechanism depends on rhe 
separation produced by the compounds bein, ~1 distributed betlveen the solvents de- 
veloping the plate. Under the highly polar conditions used in this esperiment it might 
be anticipared rhar the PFE. bein, cv substantiallv fnr-soluble. ~VOLII~ be retained to 
some estent in the butanol fraction in preference lo rhe PNE 1~ hich is highly water- 
soluble _ and \vill therelkre run with the solvent front. This is the esperimental situa- 
tion and is compatible wirh the t3ct that the complex has an R,-,- intermediate bet:vcen 
those of the t\vo components. However, it does not explain why the liquid crystalline 
materials, with identical ratios of PFE and PNE, behave anon~t~1ously_ 

The alternative mechanism takes into account the nature of the supporting 
medium, in this case silica gel, and suggests that material will tend to be retained if 
polar groups are bound by the silica groups of the gel matrix. The gel itself is acidic 
and the developing system is also acidic so that there is unlikely to be any significant 
degree of ionization of the phosphate groups of the surtktant molecules. \vhich t.vill 
therefore be separated on the basis of their relative hydrophilicity. PNE, although 
htivin~ t\vice the molecular \veight of PFE, has a greater number of ethylene aside 
“roups per molecule and is more hydrophilic_ It will have a greater tendency to be = 



300 NO-l-ES 

bound onto the carrier matrix. aiio\\ing the PFE to move more rapidly. Formation 
of the compies appears to have a net effect of increasing the polarity of the PFE 
molecules and this may account for the fact that the RF is not an exact intermediate 
value between those of its constituents- 

By ;tnaiogy, the structure of the nea phase material is thoupht to consist of 
iameiiar plates of alternate layers of hydrophobic and hydrophilic molecular groups1z 
and this \souid be likely to have a less polar character than the kdividual components. 
This \vouid account for this material running more rezldiiy in the developing solvent 
and explain xhy three ditkent samples, difking only in their hesnne contents, had 
very similar RF values- 

On the other hand, since the middle phase liquid crystal contains more IT- 

hesane than the neat material, it would be predicted on the basis of Winsor‘s R 
Theory” that the middle phase \touid have its hydrophilic goups projecting out\xxrds 
and be. therefore, more polar in character so that it would be the slowest running of 

at! these materials. 
This evidence for the relative hgdrophiiiciry of rile surtkc of the liquid crystai- 

line phases is supported by other evidence?, but ckarly requires fitrther investiption 

since it is possible that TLC mi&t provide an interesting method for the csamination 
of these materials_ 

However, the properties of these tvLo surktants are by no means unique_ 
The formation of complexes and liquid crystalline phases are common features of 
many surface-active materiais_ Since it appears that. at least under some conditions, 
these resultant materials may move as separate entities. ciiromato~rapliictll~ they \Yiil 
be detected ss artifacts or “!Xse” spots on the developed plate. Complex moiccuies 
could well be produced in mixtures ofsurfactzmts~and they arelikely to be detected at 
low concentrzrtions_ On the other hand, liquid crystals we more likely to form at 
relatively hi& concentrations and their presence in a dilute system such as may be 
encountered during XI analytical investigation would be unlikely_ However, the pos- 
sibility of liquid crystals formin g \kiii esist if there is any stztse of the manipulation 
involving extraction and concentration before placing on the Ti_C plate_ The obscr- 
vations reported here are therefore relevant to the TLC esamination of systems likely 
to contain tiistures of surfactants. 
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