
552 T H E  J O U R N A L  OF T H E  A M E R I C A N  O I L  C H E M I S T S '  SOCIETY V O L .  4 1  

16. Libbey, L. M., and E. A. Day, J. Chromatog. 14, 273-275 (1964).  
17. Schwartz, D. P., Ibld. 9, 187-194 (1962).  
18. Cobb, W. Y., Separation of 2,4-Dinitrophenylosazones of Vicinal 

Dicarbonyls into Classes by Thin Layer Ibid, in press. 
19. ~'Vyatt, C. J., and E. A. Day, J. Food Sci. 28, 305-312 (1963).  
20. Lillard, D. A., and E. A. Day, d. Dairy Sci. 44, 623-632 (1961).  
21. Gaddis, A. M., R. Ellis ind G, T. Currie, JAOCS 38, 371--375 

(1961).  
22. Forss, D. A., E. A. Dunstone and W. Stark, J. Dairy Res. 27, 

373-380 (1960).  
23. Patton, S., and G. W. Kurtz, J. Dairy Sci. 38, 901 (1955).  
24. Taufel, K., and R. Zimmermann, Fette, Seifen-Anstriehmitte! 6~, 

226-234 (1961).  

25. Dahle, L. K., E. G. Hill and R. T. Hohnan, Arch. Bioehem. 
Biophys. 98, 253-261 (1962).  

26. EI-Negoumy, A. M., M. S. dePauchal and E. G. Hammond, J. 
Dairy Sci. 45, 311-316 (1962).  

27. Schepartz, A. I., and B. F. DauberL JAOCS 27, 367-373 (1950).  
28. Forss, D. A., E. A. Dunstone and W. Stark, J. Dairy Res. 27, 

211-219 (1960).  
29. Frankel, E. N., in Symposium on Foods: "Juipids and Their Oxi- 

dation," AVI Pub. Co., 1962, p. 52. 
30. Allen, R. R., and F. A. Kummerow, JAOOS 28, 101-105 (1951).  

[ R e c e i v e d  F e b r u a r y  26, 1 9 6 4 - - A c c e p t e d  ~ [ a y  7, 1964]  

Identification of Surface Active Agents m 

Admixture by Thin Layer Chromatography * 
C. T. DESMOND and W. T. BORDEN, 2 Union Carbide Corporation, Chemicals Division, Research and 
Development Department, Tarrytown, New York 

Abstract 
The qualitative identification of the surface ac- 

tive agents commonly used in household detergent  
formulat ions is possible using thin layer  chro- 
matography  (T[ .C) .  Successful separations have 
been nlade when the samples are spotted on 
Aluminum Oxide G and developed with isopro- 
panol. A var ie ty  of specific reagents may be used 
to color the spots and thereby supplement  the 
Rf  values as a nleans to ident ify the surfactants.  
The analysis can be made semi-quanti tat ive if the 
separations are made using an a luminum oxide 
column and collecting the fractions eluted with 
isopropanol and methanol. 

Introduction 

T HE SEARCH for a quicker method of identification 
for  the surfactants  present in detergent  formula-  

tions is a continuing project.  Curren t ly  the analysis 
of a detergent  is centered around the alcohol soluble 
port ion of the formulation.  This port ion is subjected 
to ins t rumental  and chemical testing and fu r the r  
separated by ion exchange chronlatography to isolate 
the nonionic surface active agents. IR  analysis of 
the nonionic port ion will indicate the presence or 
absence of f a t ty  amides by an absorption band near  
6 t~ which is characteristic of the amide earbonyl 
vibrat ion and the presence of alkylphenol ethoxylates 
with be indicated by a series of bands which includes 
the strong C - O - C  band near  9 ~. I t  may be possible 
to deternfine the relative conch of an alkylphenol 
ethoxylate by UV spectroscopy if the assumption is 
made that  the surfac tant  is a par t icular  adduet  of n 
moles of ethylene oxide to a par t icular  alkylphenol. 
The IR  spectrum of the alcohol soluble port ion is 
sometimes useful, but  at other times limited in value 
because of the overlap of absorption bands of the 
mult icomponent  system. The more components pres- 
ent, the less positive any identification can be. There- 
fore, a definite need exists for a procedure which will 
separate completely, and give ident i ty  to, the compo- 
nents in a detergent  mixture.  

Gas chromatography,  which has become a very  
useful analytical  tool, does not lend itself to the com- 
plete separation of surface active species. However,  
paper  chromatography has been used by Drewry  (1) 
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in England for the qualitative identification of de- 
tergents. The anionic, cationic and nonionic agents, 
soaps and hydrotropes  have been identified on a single 
ehromatogram by a method of consecutive spraying.  
The sprays,  when applied in a definite sequence, de- 
velop specific colors with the par t icular  surfactants  
and thereby nlake their ident i ty known. This work 
of Drewry ' s  looked very promising but it required 16- 
18 hr for  the solvent f ront  to rise the necessary 20 em 
to develop the ehromatogram (solvent system of t- 
butanol-ammonium hydroxide-water) .  

Separat ions of a var ie ty  of mixtures  had been re- 
ported in 30 rain t ime when TLC (2-7) was used. 
In  addition to speed, an addit ional advantage of this 
technique is that  a TLC ehromatoplate  could be 
sprayed with sulphuric acid and heated to char any 
organic material  on the plate. This would give a rapid 
indication of the success of the separat ion and give 
an idea as to the number  of components in a mixture.  

Since TLC, where applicable, gives a rapid  separa- 
tion of Hmlticomponent systems and, since techniques 
used with paper  chromatograms to develop colors with 
various components of detergent  formulat ions were 
known, we decided to a t tempt  the separation and 
identification of detergent formulat ions by thin layer  
chromatography.  

Qualitative Identification 
Reagents 

Almninum Oxide G (according to Stahl) 
Isopropanol  
P inaerypto l  Yellow (K & K Laboratories,  Inc., 

177-10 93rd Avenue, Jamaica,  N.Y.) 
Iodine 
Surface Active Agents (commercial samples) 

Apparatus 
Conlprehensive TLC Appara tus  (Br inkman In-  

struments,  Inc., 115 Cutter  Mill Road, Great  
Neck, Long Island, N.Y.) 

UV Light  

Preparation of Plates. Both 5 x 20 em and 20 x 20 
em glass plates were cleaned with coned chromic acid, 
rinsed with water  and then wiped dry. A 1:2 s lur ry  
of Aluminum Oxide G and water  was prepared  and 
st irred until  it was uni form and free of en t rapped  air. 
A Desaga appl icator  was used to draw down a 0.25- 
mm layer of the a lmninmn oxide on the plates. The 
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plates were left  undisturbed for  ten min and then 
placed in racks in an oven to dry  at 750 for four  hr. 
The dried plates were stored in a desiccator until  used. 

Preparation of Samples. One g of the alcohol solu- 
ble portion of the sample was dissolved in the min 
amt  of methanol in a 100-ml volumetric flask and the 
sample fu r the r  diluted to the mark  with acetone. 
Later,  we found that  3 g of a liquid formulat ion could 
be diluted to 100 ml with aeetone. 

Spotting a~d Derelopment. A 10-t~ syringe was 
used to spot the plates. The syringe was clamped 
above a plate and the tip of the needle pressed firmly 
into the a luminmn oxide coating. To ensure a smooth 
flow from the syringe, the plunger  was slowly de- 
pressed so that  the spots were no nlore than 15 sq mm 
in area. The spots were positioned 1.5 em f rom the 
lower edge of the plate so that  they would not be 
covered by the developing solvent. The plate was 
allowed to d ry  for two rain to remove the spott ing 
solvent and then the plate was lowered into a ba t te ry  
ja r  containing isopropanol to a depth of 0.5 era. The 
ja r  was lined with a piece of filter paper  on one 
side to provide a solvent sa turated atmosphere for 
faster  equilibration. The solvent f ront  was allowed 
to rise to a line, previously nlarked on the plate, ten 
em above the center of the spots. 

Detection and Characterization. When dry, the 
plate was sprayed with a p inacryptol  yellow solution 
made by dissolving 0.05 g of the reagent in 100 ml 
ethanol and filtered to remove any undissolved ma- 
terial. The plate was then examined under  UV light 
and the color of the spots recorded along with their 
Rf  value. The Rf  value is the distance traveled by 
the spot divided by that  traveled by the solvent front.  
The Rf  values may vary  with the tool wt of the com- 
pounds (5) and, therefore, nmst be used in ponjune- 
lion with the color of the spots for identification. The 
plates were then placed in a ja r  containing iodine 
crystals until  yellow spots were visible. This treat-  
ment confirms the position of any  spots which do not 
fluoresce br ight ly  under  UV light and in par t icular  
helps to ident ify alkano!amides which do not exhibit 
UV fluorescence. Af te r  s tanding for several rain the 
iodine spot f rom a dialkanolamide will fade, while 
that  f rom a monoalkanolamide will not fade as much. 
The plate may  now also be sprayed with a cobalt- 
thioeyanate solution which will give a blue color to 
ethoxylates and amine-oxides. Table I summarizes 
the characteristic color with pinacryptol  yellow and 
the approximate  Rf  value of the surfaetant .  

Semi-quantitative Analysis 
The large difference in distance of travel  on the 

plates between the ionic and nonionie components 
indicated that  they might  be separated quanti tat ively,  
in amounts large enough to permit  IR  identification, 
by using the same solvent-adsorbent system in a co l  
umn. To accomplish this the following procedure was 
developed. 

A small plug of cotton dipped in isopropanol was 
inserted in a chromatography column 1.5 em in diam 
and 15 em in length. One-half em of clean sand was 
sprinkled on the cotton and any sand sticking to the 
sides of the column was washed off with a little iso- 
.propanol. Reagent grade a luminum oxide was stirred 
m a beaker with sufficient isopropanol to keep it 
mobile until  all the t rapped air was removed. Enough 
a luminum oxide was poured into the column so that  
there was a 10-cm layer  on top of the sand. The sides 
of the column were washed again and the co lumn 

T A B L E  I 

Iden t i f i ca t ion  of Compouents  
P i n a e r y p t o i  Yellow B, eagen t -Ul t rav io le t  L i g h t  
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S u r f a c t a n t  type Color developed Rf  va lue  ~ 

Alkylaryls t f lphonates  .............................. 
Soaps  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Xylene  su lphonates  .................................... 
Toluene  su lphonates  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sulpha ted  alcohol e thoxylates  .................... 
Su lpha ted  alkylphenol  e thoxylates  ............ 
A m i n e  oxides .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A lkano lamides  ............................................ 
E thoxyla tes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Yellow 
Blue  

Orange-Yel low 
O r a n g e - R e d  

Pa le  B lue  
Pa le  Blue  

Whi t e  

Pa le  Blue  

0 .0 -0 .1  
0.0 
0.0 
0.0 
0 .0 -0 .2  
0.0 
0 .3 -0 .5  
0 .5 -0 .7  
0 .7 -0 .9  

:~ These  va lues  are  val id  for  chromatop la tes  h a v i n g  a 0.25-ram layer  
of a l u m i n u m  oxide G developed wi th  i sopropanoh  The  R f  va lues  v a r y  
wi th  the  tool wt  of the compound and,  therefore ,  mus t  be used in con- 
junc t ion  wi th  the  color of the  spots  for  ident if icat ion.  

tapped to ensure that the adsorbent was well packed 
and level at the top. Another  0.5-em layer of sand was 
added and the column filled with 10 ml isopropanol, 
which was allowed to drain no fur ther  than the top 
of the sand. 

I f  the sample was the alcohol soluble portion of a 
detergent,  0.5 g was dissolved in 5 ml methanol, 
placed on the column and moved on the adsorbent 
by allowing the eolmnn to drain to the top of the sand. 
I f  the sample was a liquid detergent,  2 ml (which in a 
25% active detergent will give 0.5 g surfaetai~t) were 
allowed to drain on to the eolunm followed by 5 ml 
methanol to move the sample fu r the r  into the column. 

Elntion with isopropanol was now begun. To hasten 
the proeess a pressure head was kept on the colmnn by 
insert ing a glass tube through a cork in the top of the 
column and at taching it with a piece of plastic tubing 
to a large dropping fmmel  filled with isopropanol. 
The stopcocks on the dropping  funnel and column 
were open and the eluant collected in 25-ml fractions. 
Most of the nonionie appeared in the first 25 nil; so 
if two nonioJ)ies were present (detected previously by 
TLC) samples were taken every 5 ml. Samples may  
be evaporated to dryness, weighed and examined by 
]R spectroscopy for identification. Af te r  100-150 ml 
isopropanol have been used, most of the nonionic will 
have washed off the column. Many nonionies contain 
alkyi-benzene derivatives as the hydrophobic portion 
so that  the degree to which the eluant is free of non- 
ionic may be easily checked by examining a portion 
of the eluant in the UV region at 275 m~. 

I f  it appeared that little nonionic was being eluted 
by the isopropanol, a dropping funnel containing 
methanol was subst i tuted for the isopropanol. The 
first 15-25 ml eluant collected af ter  the introduction 
of the methanol in the column contained the remainder  
of the nonionic not eluted by the isopropanol. The 
rest of the nlethanol eluted contained the ionic com- 
ponents. Ca. 100 ml methanol was usually sufficient 
to scrub the column clean. The eluant again may  be 
checked for surfactant  by examining a port ion in the 
ultraviolet region; an alkyl benzene snlphonate ab- 
sorbs at 265 m~. The complete removal of the ionic 
surfactants  from the column was a definite advan- 
tage over the use of ion exchange resin for these 
separations. Finally,  the column may be eluted with 
water  to remove materials  like builders or inorganic 
salts that  may  remain adsorbed on the a luminum 
oxide. 
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