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Surface active agents in paper chromatography 

A recent note by .ORME-JOHNSON AND SKINNERS on the separation of amino acids 
with butanol containing the liquid ion es&anger Amberlite LA-2 prompts us to 
describe work carried out along similar lines a. It was thought interesting to study the 
possible effects that surface active agents can have in various paper chromatographic 
problems, with a view to utilising paper chromatography as a simple orientating 
method in the study of foam adsorption and similar problems. 

(I) The efect of additions of szrrface active agents to the sohent in fiafier cIwonzatogra#zy 

Paper chromatography was carried out using the solvent butanol-water-acetic acid 
(IO: S: 2) to which various amounts of cetyltrimethylarnmonium bromide, sodium 
lauryl sulphonate or “Neutronix 675” a neutral polyethyleneglycol surface active 
agent were added. The substances chromatographed were some inorganic anions 
and cations and a series of dyestuffs (those permitted in Italy as food colours). 

The results are shown in Tables I, II and III. An increase in the RF values is 
obtained in those cases where the “eschanger” (or surface active agent) has the charge 
opposite to that of the ion chromatographed and the effect is proportional to the 
amount of surface active agent added. 

It is thus possible to remove an anion from a mixture of cations and anions or 
vice-versa by suitable additions of charged surface active agents to partition solvents. 

TABLE I 
RI? VALUES OF' SOME DYESTUFFS AND INORGANIC IONS IN BUTANOL-ACETIC ACID-WATER WITH 

ADDITIONS OF CETYLTRIMETHYLAIdMONIU~l BROMIDE 

Papcr: Whatman No. I. Method : ascending development. Solvent: butanol-acetic acid-water 
( IOO : 20: So), equilibrated, and the amounts of cctyltrimethylammonium bromide indicated in 

the table added to the upper layer 

3.0 

Grnnts of cctlyilti,acll,y!urr;nlot:iu~n brorrridc added lo the solccr~f 

0.5 0.2 0.05 0 

Iodide 
Thiocyanate 
Azorubin 

Echtrot E 
Amaranth 

Ponccsu 4R 
Ponccau OR 
Scharlach GN 
Erythrosine 
Sunset Yellow 

Tartrazine 
C.I. Acid Yellow 

Indigo Carmine 
C.I. Acid Blue 3 
C.I. Food Black I 

o-75 0.59 o-34 0.31 0.31 

o-77 0.53 o-47 0.46 o.41 

0.92 0.Q2 0.52 o-37 0.31 

0.86 0.72 0.40 0.32 0.32 

0.35 0.13 0.08 0.04 0.03 

0.79 o-53 0.13 0.10 0.08 

0.52 o.oG 0 0 0 

0.70 0.59 0.29 0.26 , 0.26 

0.90 0.90 0.90 0.89 0.86 

o-51 $. 0.17 0.14 0.12 0.14 

0.09 0.02 0.04 O.CG 0.05 

0.06 0.02 0.02 o.c2 0.02 

0.20 0.16 0.16 0.08 0.09 

0.08 0.06 0.06 o.c4 0.05 

0.70 0.62 0.52 0.42 o-45 
0.03 0 0 0 0 

b 
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TABLE II 

IiF VALUES OF SOME INORGANIC IONS AND DYESTUFFS IN ~uux~o~-_-9’cmru~c AcaD-wAmox winrm 
ADDITIONS OF SODIUM LAURYLSULRFIONATE 

Paper: Whatman No. I. Method : ascending development. Solvent:: ibutar&l+aoertic nnrciidl--w&t~ 
(IOO:ZO: So), equilibrated, and the amounts of sodium laurylsulphonate &iKcatiedl %m ttItnce &alt~U~e 

added to the ,upper layer 

co (II) 
Scharlach GN 
Erythrosine 
Sunset Yellow 
Tartrazine 
C.I. Acid Yellow 3 

Indigo Carmine 
C.I. Acid Blue 3 
C.I. Food Black I 

0.56 o-44’ 
0.65 0.45 
0.65 0.44 
0.15 O.IG 

o.sg 0.89 

0.09 0.12 

0 0.01 

0.15 0.12 

0.03 0.01 

0.01 0.02 

0.42 0.40 
0 0 

‘0.28 

zo.!kg 

‘0.25 

‘0.20 

co.‘92 

to. 116 

ro.,og 

‘0.11 

,0.*02 

,o:oa 

o-43 
‘0 

TABLE III 

RF VALUES OF SOME INORGANIC IONS AND DYESTUFFS IN BUTANOL--A’C33XXKZ A’CE[D-WXICEW TRTTIRI 

ADDITIONS OF NEUTRONIX 675 (A NEUTRAL SURFACE JWXXViE _%‘CXl%NiT)) 

Paper: Whatman No. I. Method: ascending development. Solvent:: ibutano!l-ia.~oettic ~ac%dl+xa&fer 
( IOO : 20 : So), equilibrated, and the amounts of Neutron& 675 indicated ti itlhe rt;aJble audided ttce tie 

upper layer 

Sltbsfntlcc 
I.0 

Grams of Neutrmtir ,G75,nddcif to:t%c sotvmkl 

0.5 ,0.1 roro,r 

Iodide 
Thiocyanate 
Cu (II) 
Ni(I1) 
co (II) 
Azorubin 
Echtrot E 
Amaranth 
Ponceau 4R 
Ponccau OR 
Scharlach GN 
Erythrosine 
Sunset Yellow 
Tartrazinc 
C.I. Acid Yellow 3 

Indigo Carmine 
C.I. Acid Blue 3 
C.I. Food Black I 

0.25 0.31 
o-45 0.4G 
0.25 0.21 

0.13 0.17 

0.13 0.17 
0.27 o-34 
0.25 0.2s 

0.02 0.02 

0.08 o.oG 
0 * 0 

0.24 0.25 
0.90 0.90 
0.11 0.0s 
0.02 0 

0.12 0.10 

0.02 0.02 

0.04 0.03 
0.46 o-39 
0 0 

‘0.32 
,o*43 
,0.25 
‘0.17 
‘0.20 

,0.26 
~0.26 
‘0.01 
,0:04 
:o 
,0.25 
,o.sg 
0.09 
80 
,0.,04 
so 
40.04 
‘0.35 
,O 

‘0..2,7 

0.43 

0.2.3 
‘0. u.5 
0.. u.3 
~0.27 
0.23 
$0 
020g 

‘0 

0.20 

0:go 

~0.~~5 

0932 

0 JO4 
(0 ma 

~O.‘O,~ 

co..36 
‘0 
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It s0~o;nnDcll alsol be possible to gain information about the charge of an unknown 
s~lb&annce: by this method.. 

@)) 27-h , f i? if “f c c lel: 0, saw ‘ace acti& agents on the R1;1 value of stibsfames wlaen the surface 
met’iv~ agemb p”s; $reseM ih the samfi I e to be analysed 

Lh-lBi~~all tiixixnres, o$ solutions of surface active agents and dyestuffs or inorganic 
iion~ were prep~axedl,. placed on paper and developed with butanol-water-acetic acid 
((no):8:zjj_ 

As s0x~wn in Tables IV, V and VI as well as Fig. L, two kinds of results may be 
00&&n1eul!.. The presence o’f the surface active agent of the opposite charge to that of 
the sun0stanrce map produce eitlier two distinct spots with the same substance or an 
ello~u~gatted traiill, Neutral or equally charged surface active agents have no effect. 

Tlh~e d0ur04e s.polt phenomenon may be explained if we consider that the bulk of 
the ~mr~Tace actiive agent moves probably in a micellar form and that these micelles 
sure caqx~0llle 047 adlsorljing some of the oppositely charged substance or alternatively 
tltuattt very strolrq Eon association complexes are formed between the surface active 
ageTllt anllan tlhle ionI_ 

Tube effect is of importance when substances e.g. dyestuffs are to be identified 
Tb,gr tltreiir R” valines.. This is clearly impossible where surface active agents are present 
iiGu al Mlmmpne.. 

b)) TXW Czj@?CcI of Y$ , sm me active agents i~z adsov$tion chromatogvams on cehlose paper 

lF?r&mh~ umck kith solvents containing surface active agentsindicated that these 
were aallso~r0edl on the cellulose surface as are also the more insoluble “liquid ion ex- 
&G3m@i?rs”” ( (see C2m.n~~ AND, TESTA~). In order to avoid a gradient effect due to a 

(Icsl conlirtrrcd p. 261) 

._-. ._-. ._.._.._ “. _.. ,,, ,..__... i___” .,.. _ _ . ..-. *.... . . _.-.. .,. ..., .,-.- __ ,. - . ,, . I. ,._. . “.“. 

IFi&. II.. Cbro~~togram of some dyestuffs mixed with cotyltrimcthylsmmonium bromide. Solvent: 
lb~tim~&acekic add!-waker (I~OO~:ZO :.80). From left to right: Scharlsch GN ; Scharlach GN miTec1 
wkiittltn a nolo)/d, solltiion of cetyltrimethylsmmonium bromide; Scharlach GN mixed with a I y. 

sc~llruttiiom oC cetylltr%methylsmmonium bromide, - C.I. Acid Blue 3 alone and mixed with IO o/o and 
n Oyd, cet@x~ih~ylammonium bromide solutions, * Echtrot E alone and mixed with IO y. and I y. 

u&$ltriimetiylkummonium bromide. Bottom line. * line of application of spots. Top lint: liquid front. 
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TABLE IV 

Rp VALUES OF SOME INORGANIC IONS AND DYESTUFFS WWEN A MIXTURE OF THE SUBSTANCE WITH 

IO o/o OR I o/o SOLUTIONS OF CETYLTRIMETHYLAMMONIUM BROMIDE ARE CHROMATOGRAPHED IN 

BUTANOL-ACETIC ACID-WATER 

Paper : Whstman No. I. Method : ascending development. Solvent : butanol-acetic acid-water 
(IOO:ZO:~O) (upper phase). 

Sttbsiattce 

Conccrttralion of cc~ylCritnc~lrylan~tnot;~t~m bromide 
mixed with tkc wbslatrce to be ckrottlalograplwd 

JO% J % 0 

Iodide 0.92, 0.33 
Thiocyanate 0.90, 0.44 
Azorubin 0.88, 0.30 
Echtrot E 0.85, 0.19 

Amaranth 0.85, 0.15 

Ponccau 4R o,Yo, 0.10 

Ponceau 611. 0.86 
Scharlach GN 0.86, 0.30 
Erythrosinc 0.88 
Sunset Yellow 0.83, 0.17 
Tartrazine 0.24 
C.I. Acid Yellow 3 0*79.0.20 
Indigo Carmine 0.1 I 

C.I. Acid Blue 3 0.83, 0.4G 
C.I. Food Black I 0 Tail 

0.46 0.30 
o-44 0.40 
0.88, 0.38 0.30 
0.89, 0.29 0.31 
0.04, Tail 0.04 
o.oG, Tail 0.07 
0 0 

0.90, 0.39 0.27 
0.88 0.88 
0.17 0.17 
0.07 0.02 
0.19 0.08, 0.02 
0.02 0.02 
0.46 0.44 
0 0 

TABLE V 

RF VALUES OF SOME INORGANIC IONS AND DYESTUFFS WHEN A MIXTURE OF THE SUBSTANCE WITH 

IO o/o OR I O/f SOLUTIONS OF SODIUM LAURYLSULPHONATE ARE CHROMATOGRAPHED IN BUTANOL- 

ACETIC ACID-WATER 

Paper: Whatman No. I. Method: ascending development. Solvent: butanol acetic-acid-water 
( IOO : 20 : 80) (upper phase). 

Cortcctrlmliotr o/ sodium larrrylstrlpbottale tnixcd rrQilh Llrc 
srrbstatrcc lo bc chrottmlopaplred 

Jo% J % 0 

cu (II) 

Ni (II) 

co (II) 

Scharlach GN 
Erythrosine 
Sunset Yellow 
Tart! azine . .I 
C.I. Acid Yellow 3 

Indigo Carmine 
C.I. Acid Blue 3 
C.I. Food Black I 

0.22 

(with trail) 
o.zG 

(with trail) 
0.22 

(with trail) 
0.25 
0.89 
O.J5 
o.oG 
0.08 
0.05 
o.oG 
0.43 
0.09 

O.IG 

0.07 

0.08 

0.30 0.25 
0.90 0.89 
0.15 0.15 

0.04 0.03 
0.09 0.10 
o.oG 0.02 

0.07 0.05 

0.44 0.45 
0,og 0 

0.20 

0.13 

0.14 
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TABLE VI 

INORGANIC IONS AND DYESTUFFS WHEN A MIXTURE OF THE SUBSTANCE WITH 

NEUTRONIX 675 (A NEUTRAL SURFACE ACTIVE AGENT) IS CHROMATOGRAPHED 

IN BUTANOL-ACETIC ACID-WATER 

Paper : Whatman go. I. Method : ascending development. Solvent : butanol-acetic acid-water 
. (IOO:ZO: 80). 

Cortccnlration of Ncul~ortix G75 s&cd wilh tkc substance 

Subslartce to be clrromalografikcd 

ro % 2 % 0 

Iodide 0.27 0.27 0.31 
Thiocyanate 0.36 0.37 0.40 
cu (II) 0.25 0.24 0.23 
Ni(I1) 0.16 0.15 0.14 
co (II) 0.15 0.15 0.15 
Azorubin 0.21 0.22 0.30 
Echtrot E 0.22 0.23 0.31 
Amaranth 0.01 0 0.03 
Ponceau 4R 0.03 0.05 o.oG 
Ponceau GR 0 0 0 

Scharlsch GN 0.20 0.21 0.23 
Erythrosine 0.87 0.90 0.90 
Sunset Yellow 0.14 0.14 0.15 
Tartrazinc 0.02 0.03 0.02 

C.I. Acid Yellow 3 0.05 0.03 0.09 
0.02 0.03 0.02 

Indigo Carmine 0.02 0.04 0.05 
C.I. Acid Blue 3 0.44 0.44 0.44 
C.I. Food Black I 0 0 0 

TABLE VII 

Rp VALUES OF SOME INORGANIC IONS AND DYESTUFFS ON PAPER IMPREGNATED WITH VARIOUS 

AMOUNTS OF CETYLTRIMETHYLAMMONIUM BROMIDE 

Paper: Whatman No. I dipped in aqueous solutions of cetyltrimcthylammonium bromide (con- 
centrations indicated below) and air dried. Method: ascending development. Solvent : watcr- 

acct ic acid (go : IO). 

Comorlmliorc of cclyltri,,let/lylnmtnotliur,l bromide rrscd fey impre&lirrg llrc jxapc?’ 
Subsfnnce 

1 % 0.5 % 0.2 % 0.05 o/o 0.01 % 0 

Iodide 0.54 o.G2 0.71 0.70 0.76 0.81 
Thiocyanate 0.49 o.Gz 0.67 o.GS 0.76 0.80 
Azorubin 1.0.0 I .o,o x.0,0 I .o,o 0.16 0.20 

Echtrot E I .o.o I .o,o I.O,O I .o,o 0.25 0.29 
Amaranth 1.0.0 I .o,o x.0,0 0.34 0.27 0.3G 
Ponccau 4R I .o,o I .o,o x.0,0 I .o,o 0.36 o-74 
Ponccau 611 I.O,O I .o,o I.O,O I .o,o 0.48 0.90 
Schar lath GN 1.0.0 I .o,o x.0,0 0.16 0.39 o.Go 
Erythrosine I .o,o I .o,o I.O,O 0 0 0 
Sunset Yellow I .o,o I ,o,o 1.0,0.17 0.25 0.25 0.62 
Tartrazinc I .o,o I .o,o 1.0,0.17 0.15 0.25 o.G3 
C,I. Acid Yellow 3 I.O,O I .o,o I.O,O 0.18 0.21 0.38 
Indigo Carmine I .o,o I .o,o x.0,0 0.15 0.25 0.3s 
C.I. Acid Blue 3 1.0 1.0 1.0,0.53 o.G4 o.G5 0.85 
C.I. Food Black I I .o,o I .o,o 1.0,0.04 0.03 0.04 0.12 
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TABLE VIII 

Rp VALUES OF SOME INORGANIC IONS AND DYESTUFFS ON PAPER IMPREGNATED WITH VARIOUS 

AMOUNTS OF SODIUM LAURYLSULPHONATE 

Paper: Whatmnn No. I dipped in aqueous solutions of sodium laurylsulphonste (concentrations 
indicated below) and air dried. Method : ascending dcvclopment. Solvent : water-acetic acid 

(go : IO) 

Conccrtftation of scdirrnr lartrylsrtl~J~otra(C rtscdfcr inaprrgr:alitfg tlrc pa@ 

2 % a.5 % 0. I % 0.05 % 0 

cu (II) 
Ni (11) 
Co(H) 
Scharlach GN 
Erythrosine 

Sunset Yellow 
Tartrazinc 
C.I. Acid Yellow 3 

Indigo Carmine 
C.I. Acid Blue 3 
C.I. Food Black I 

1.0 

1.0 

I .o 

0.62 

0.90 

0 

0054 
0.61 

0.55 
0.35 
0.33 
I.0 

0.12 

1.0 

1.0 

I.0 

0$3 

0.90 

0 

0.50 
0.59 
0.55 
0.35 
0.28 

I.0 

0.13 

1.0 1.0 

1.0 I.0 

I .o 1.0 

0.60 o.Go 

0 0 

0.52 

0.00 

0.54 
o-33 
0.30 
0.89 

0.12 

0.62 

0.63 
0.3s 

0.3G 
O.Sj 

0.12 

1.0 

0.w 
0.91 
0.61 

0.90 

0.59 
0.03 
0.38 

0.35 
0.85 
0.12 

TABLE IX 

Rp VALUES OF SOME INORGANIC IONS AND DYESTUFFS ON PAPER IMPREGNATED WITH VARIOUS 

AMOUNTS OF NEUTRONIS 675 (A NEUTRAL SURFACE ACTIVE AGENT) 

Paper: Whatman No. I dipped into an aqueous solution of Neutronix G75 (concentrations indi- 
cated below) and air dried. Method : ascending development . Solvent: water-acetic acid (go: IO). 

Iodide 
Thiocyanate 
cu (II) 
Ni (II) 
co (II) 
Azorubin 
Echtrot E 
Amaranth 
Poncesu 4R 
Ponccau GR 
Scharlach GN 
Erythrosine 
Sunset Yellow 
Tartrazine 
C.I, Acid Yellow 3 
Indigo Carmine 
CT. Acid Blue 3 
C.1, Food Black I 

1.0 

1.0 

1.0 

X.0 

1.0 

0.19 

0.26 

0.33 
0.96 
0.99 
0.59 
0.91 

o-37 
0.70 
0.39 
0.40 
0.87 
0.13 

0.8G o.sg 0.51 

0.85 0.86 0.82 
I.0 1.0 1.0 

1.0 1.0 0.88 

1.0 1.0 0.91 

0.20 0.24 0.1s 

0.25 0.27 0.29 

0.32 0.34 0.36 
0.95 o.so o-75 
0.96 0.90 0.90 
0.59 0.5G o.Go 
0.90 0.58 0.86 
0.40 0.49 0.62 

o.G2 0.65 0.63 
0.39 0.38 0.39 
0.3s 0.36 0.38 
0.85 0.90 o. 85 
0.10 0.11 0.12 
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liquid zone moving over paper poor in surface active agent (which could occur if the 
surface active agent were present in the solvent), we impregnated the papers by 
dipping them into aqueous solutions of the surface active agent and drying in air. 
The papers. were th.en developed with aqueous solvents e.g. water-acetic acid (9: I). 

Results with inorganic ions and dyestuffs are shown in Tables VII, VIII and IX. 
In general, above a certain concentration of the surface active agent, the dyestuff 
separates into two spots, one strongly adsorbed on the point of origin and another 
on the liquid front. Below that concentration the Xr;l value of the dyestuff is lower 
than the value obtained when no surface active agent is present. This effect is only 
observed wh.en the surface active agent has a charge opposite to that of the substance 
chromatographed. 

The phenomenon may be explained by considering that a certain amount of 
surface active agent can adsorb on the paper thus forming a solid ion exchanger with 
strong adsorptive power. The excess of surface active agent moves with the liquid 
front, probably in a micellar state and adsorbs some of the dyestuff into the micelles. 
There is a fair correlation between the concentrations at which the two spots form 
and the maxima of the surface tension-concentration curves for the surface active 
agent. Below the’maximum surface tension in water, two spots do not form on the 
chromatogram. 

Inorganic ions e.g. iodide and thiocyanate do not form double spots, the ad- 
sorption on the micelles perhaps not being strong enough. Their Xp values change, 
however, with the concentration of the (cationic) surface active agent, since ad- 
sorption is greater with increased concentration. 

In such adsorption chromatograms, the charge on the surface active agent seems 
of great importance although one would expect the surface of the paper to be altered 
considerably even when covered by a neutral surface active agent. 

The authors are indebted to Prof.-V. CAGLIOTI for initially suggesting the work and 
for his interest, and to the Consiglio Nazionale delle Ricerche for 
ante. 
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