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Pre l iminary  results in this laboratory  on the an- 
alysis of blood lipids have been eneouraging. 

The analyses as per formed here do not permit  
measurement  of individuals of all classes of f a t ty  
esters. I f  measurement  of single components is de- 
sired, paper  chromatography  of the separated classes 
can be performed.  Gas chromatography  provides this 
funct ion in the analysis of nonoxygenated esters, 
and may  be extended to other elasses of esters. 

The method may also have some applicat ion to 
glyeeride analysis in those oils which contain f a t t y  
acids of different polarity.  Fo r  example, t r iglyeer-  
ides containing one, two, or three epoxy f a t ty  acids 
should be separable. Waxes, cholesteryl esters, and 
glycerides have been separated by thin-layer chro- 
ma tography  (20), and mixtures  containing these can 
be analyzed by the proposed method. Thin-layer 
chromatography  has proved to be a powerful  tool 
for  qualitative separations, and this and other reports  
(22,23) indicate tha t  it is equally promising for  
quant i ta t ive measurements.  
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The Adsorption and Chromatography 
Benzene Sulfonatcs on Charcoal 

of Alkyl 

K. J. MYSELS, B. BISWAS and M. TUVELL, Chemistry Department, 
University of Southern California, Los Angeles 7, California 

A chromatographic procedure for the separation and 
characterization of sodium alkyl benzene sulfonates is out- 
lined. I t  is based on properly sized activated charcoal and 
uses methanol with varying" amounts of benzene and a small 
content of ammonia and water. Milligram quantities of 
surfaetants are used and the fractions analvzed colori- 
metrically. The rationale of the method is established by 
adsorption measurements which indicate that in this system 
the surfaetant is adsorbed by both van der Waals and ionic 
forces with strong dependence upon both molecular weight 
and structure. 

T 
HE DESIRABILITY of a simple, rapid, and accurate 
method for  the identification of individual  surf-  
aetants and the separat ion of their  mixtures  con- 

tinues to be obvious. The present  paper  reports  some 
progress in developing a chromatographic  method 
for  the identification and separation of alkyl benzene 
sulfonates which, however, is still f a r  f rom being 
simple and rapid, and also discusses the principles 
under ly ing  this separation. 

Charcoal was originally chosen as the adsorbent in 
the hope that  adsorption would involve only the hydro- 
carbon par t  of the sur fac tan t  and thus be highly selec- 
tive to the s t ructure  of this moiety. Fu r the r  work 
showed, however, that  while the premise was incor- 
rect, the desired selectivity was nevertheless obtained. 
The adsorptive power of charcoal proved also to be 
impract ical ly  strong in either water  or alcohol, but by 
following the experience of the Analyt ical  Methods 
Subeonmfittee of the A A S G P  (1), could be eontrolled 
over a wide range by addition of benzene and am- 

monia, hi  this way a workable chromatographic method 
could be devised eapable of separat ing alkyl benzeue 
sulfonates of same molecular weight and different 
s t ructure  or of same s t ructure  and different nmleeular 
weights. Branching affects adsorption, however, in 
the same way as a lower nlolecular weight so that  
conlplete resolution of more Conlplex nlixtures cannot 
ahvays be obtained. 

Experimental 
Analytical Method. Used throughout  was a methyl- 

ene blue spectrophotometrie nlethod based on the work 
of Mukerjee (2). Since alcohol interferes with this 
method and was normal ly  present  in the solutions, all 
samples were first evaporated to dryness in a test tube 
placed in an oven at 80~ The residue was typical ly 
dissolved in 20 ml. of water  and aliquot portions made 
up to 20 ml. in a 125-ml. Er lenmeyer  flask to which 
2 or 3 drops of 0.1% aqueous methylene blue solution 
and 20 ml. of CHCI3 were added. The flask then was 
shaken ~dgorously for a few minutes and allowed to 
settle for about 2 hr. A pa r t  of the bottom layer  was 
then careful ly  pipet ted out and its optical density at 
655 m/, was determined in a Beckman DU spectro- 
photometer  using covered 1-era. cells. A separate blank 
was used for each series of measurements  and was 
ahvays quite small. S tandard  solutions of the deter- 
gents used or of f reshly dissolved pure  sodium lauryl  
sulfate were used for calibration. 

Materials. The surfactants  of known st ructure  were 
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kindly supplied by the Continental  Oil Company 
Researeh and Development  Laboratories,  Ponca City, 
Oklahoma. As shown later  by chromatographic  anal- 
ysis, these contained only small amounts  of impuri-  
ties (see Fig. 5). 

Charcoal. Pre l iminary  experiments  showed that  
good chromatographic  resolution required absence of 
particles larger  than 150-100 mesh. Good flow through 
the ehromatographie  eolumns and good settling in 
adsorption experiments  required absence of very fine 
partieles. In  addition it was thought  desirable to use 
ash-free charcoals. Most of the experiments  reported 
were per formed using Dareo G-60 front the Atlas 
Powder  Co., Wilmington, Delaware, f rom which a 
f ract ion passing tim 150-mesh sieve and retained on 
the 275-mesh sieve was obtained by prolonged and 
laborious wet sieving. La te r  an essentially equivalent 
sample of YJ-2 of 100-x 300-mesh size was obtained 
front the Barneby-Cheney Co., Columbus, Ohio. 

Adsorption Measurements. Equil ibrat ion was con- 
ducted in 125-ml. Py rex  Er lenmeyer  flasks with 
tight-fitting, long, ground-glass stoppers. Weighed 
amounts of charcoal and known volumes of solvent 
and of s tandard  detergent  solutions were placed in 
these and mechanical ly agi tated in an air conditioned 
room at about 23~ for  24 to 36 hr. Af te r  settling 
for  12 to 24 hr., small volumes (1-5 ml.) of the clear 
superna tan t  liquid were taken out for analysis. Ex- 
per iments  in which less than 50% of the detergent 
was adsorbed, or in which the optical density of the 
volumetric determinat ion was less than about 0.1, 
were rejected. 

Chromatographic 1)rocedwre. Exper iments  were 
conducted with many  variants  in the procedure, but 
a typical  one was as follows: A 25-ml. buret te  with a 
Teflon stopcock was careful ly  filled with the charcoal 
over a glass wool plug" while methanol was constantly 
flowing and the charcoal added in small amounts. The 
column was then washed with 500 ml. of the mixed 
solvent used. A concentrated, or even supersaturated,  
solution containing about i rag. of the surfactant  
studied in the same solvent was then slowly added 
onto the column and the elution with the same solvent 
begun. The flow rate was of the order of 2 drops a 
nfinute, and the fract ions were collected with a Pack- 
ard Ins t rument  Co., automatic fraction ('ollector by 
drop count. 

Results 

No a t tempt  was made to determine the full  shape of 
the adsorption isotherm but  the data obtained could 
be readily fitted to a Freundl ieh  type, i.e., gave 
s t raight  lines on a log-log plot of the amount  adsorbed 
per  unit  adsorbent  vs. the equil ibrium concentration. 
In  each ease enough points were obtained to ascertain 
the relative level of the adsorptior,, but  the precision 
of the determinat ion often left  doubt as to the exact 
slope of the lines. 

Fig'. 1 shows the effect of broad var ia t ion in solvent 
composition upon adsorption of 1-phenyl-n-deeane sul- 
fonate. I t  is dea r ly  evident that  adsorption f rom 
water  is very  much s t ronger  than f rom methanol, tha t  
it is fu r the r  lessened by  addition of either benzene or 
ammonia  to the methanol, but  tha t  simultaneous ad- 
dition of ammonia  and benzene is much more effective 
than  tha t  of either separately.  These results seem to 
indicate that  the alkyl benzene sulfonate is adsorbed 
both by van der Waa l ' s  forces act ing upon the hydro-  
carbon moiety and by ionic forces of residual im- 
puri t ies  of the charcoal acting upon the sulfonate 
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Fla. 1. Equilibrimn adsorption of sodium 1-phe~o'l-n-deeane 
.sttlfonate by charcoal fronl r t  nun}l)er of solveilts. 

group. Competit ion by alcohol and especially benzene 
reduces adsorption by van der Waa l ' s  forces while 
hydroxyl  ions supplied by ammonia  effectively con> 
pete with the polar  group. When only one type of 
adsorption is reduced, the other is still active. Thus 
adsorption is especially reduced when both types of 
competition are present. 

I t  may  also be noted that  the slope of the adsorp- 
tion line for systems containing ammonia is signifi- 
cantly higher than the others and especially those 
eontaiuing benzene, in  fact, the slope is close to 
45 ~ , i.e., direct propor t ional i ty  of amount adsorbed 
to concentrat ion (Cf. Fig. 4), and thus indieates 
considerable uni formi ty  of the surface. I f  as indicated 
above, the role of ammonia is to reduce the effect of 
residual ionie impuri t ies  of the ehareoal, this means 
that  at the low coverages here involved, the carbon 
snrface is relatively homogeneous while the impuri t ies  
are quite heterogeneous. 

Since it is well known that  proport ional i ty  between 
the amount adsorbed and concentration lead to sym- 
metrical chromatographic  peaks, it is clear that  the 
presence of ammonia is highly beneficial in a chro- 
matographic  procedure. 

Fig. 1 indicates also that water  may have a con- 
siderable effect upon adsorption. Because of the 
difficulty of mainta ining str ict ly anhydrous condi- 
tions, all our experiments  were conducted in the 
presence of a small but controlled amount of moisture, 
general ly 3 volume ~ of the solvent. 
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Fro. '2. The effect of snmll amounts of ammonia upon equi- 
]ibriunl adsorption of sodium 1-phenyl-n-deeane sulfonate by 
ehareoal from methanol eontaining 8% of benzene, 



68 T t t E  JOUI~NAL OF THE AMERICAN OIL CHEMISTS' ~OCTETY 

Fig. 2 shows the effect of increasing the concentra- 
tion of ammonia  in a methanol-benzene system. The 
amount  adsorbed is recorded for  a constant concen- 
t ra t ion of sur fac tan t  in the equil ibrium solutions, 
namely 10 ~ M/1 as obtained by interpolation or slight 
extrapolat ion on a log-log plot such as Fig. 1. The 
impor tan t  result  is that  the full  effect of ammonia in 
reducing adsorption is obtained at very  low concen- 
t rat ions and tha t  small variat ions in the neighborhoo~l 
of 1% have only a negligible effect. This is impor tan t  
because of the very  real possibility of the loss of 
ammonia  f rom the solvents dur ing manipulat ion.  

Fig. 3 shows in a similar way, but  on a tenfold 
contracted scale, the effect of va ry ing  the proport ion 
o~f benzene in the presence and absence of ammonia.  
I t  is apparen t  that  in the presence of ammonia ad- 
sorption is quite sensitive to the proport ion of benzene 
throughout  the range studied, thus providing a use- 
ful  method of controlling the rate of chromatographic  
migrat ion by adjust ing this concentration. The upper  
curve indicates that  at high concentrations of benzene 
adsorption is again increased. This may  be connected 
with the reduced solubility of surfaetants  in benzene- 
rich systems. 

Fig. 4 shows the effect of s t ructure  and molecular 
weight upon adsorpt ion f rom a mixed solvent con- 
ta ining methanol, benzene, water, and ammonia.  All 
surfactants  had a sulfonated benzene attached to a 
s t ra ight  .hydrocarbon chain. The solid lines refer  to 
va ry ing  chain lengths f rom C1~ to C~o in which the 
benzene was attached to the terminal  carbon atom. 
The effect of shorter  chains in reducing adsorption is 
clearly evident. The dashed lines refer  to C~5 chains 
in which the benzene is at tached to the penult imate 
and the middle carbon atom, respectively. I t  is clear 
that  the effect of s t ruc ture  is even more impor tant  
than that  of the molecular weight. 
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FIG. 4. The effect of molecular weight and structure upon 
the equilibrium adsorption of sodium n-alkyl benzene sulfonates 
by charcoal from methanol containing 8% benzene, 1.3% 
ammonia, and 3e/e water. Solid lines, terminally attached 
phenyl; dashed lines, phenvl displaced along straight  C~ chain. 

The overlap of the s t ructura l  and molecular weight 
effects upon adsorption shows that complete separa- 
tion and s t ructura l  elucidation of a complex mixture  
cannot be possible by this method. Nevertheless, ex- 
tensive fraet ionat ion of a complex mixture  or resolu- 
tion with s t ructura l  implications of a simple mixture  
should be possible. The sensitivity to s t ructure  should 
be par t icu lar ly  interest ing in the determinat ion of 
pur i ty  of individual compounds. 
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FIG. 5. Chroma.togram of a synthetic mixture of 3 sodium 
alkyl benzene sulfonates on charcoal with methanol containing 
8% benzene, 1.3% ammonia, and 3% water showing the pres- 
ence of small amounts of impurities. 
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FIG. 6. Chromatogram of a mixture of isomeric sodium 
phenyl-n-decane sulfonates on charcoal using methanol con- 
ta ining 8% benzene, 1% ammonia,  2% water.  Four  of the 
possible five isomers are resolved. 

Fig. 5 shows the chromatography of a synthetic 
mixture of three alkyl sulfates which could be com- 
pletely resolved and the presence of impurities indi- 
cated. I t  is clear, however, that  if impurities in the 
linear C1~ surfaetant  were to be determined, a better 
solvent, i.e., one containing more benzene, should be 
used. 

Fig. 6 shows the chronlatogram of 3.11 rag. of a 
synthetic mixture of n-C10 alkyl benzene sulfonates. 
Twenty-eAglet per cent of the mixture had the benzene 
ring attached to the terminal carbon atom, and formed 
the last peak. Seventy-two per cent of the mixture 
that was formed by the other isomers and three of 
these are clearly resolved. The total recovery was 
96%. 
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FI~. 7. Chromatograms of l-rag, samples of two commercial 

sodium 4odecyl benzene sulfonates on charcoal ~sing methanol 
containing 4% benzene, lq'c ammonia,  and 2% water. 

Fig. 7 shows the chromatograms of l-rag, samples 
of two different conmlercial alkyl benzene sulfonates. 
Since exactly the same analytical technique was used 
in both runs, it is clear not only that they are quite 
different in conlposition, but also that one is much 
more complex than the other. 
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Solvent-Blown, Rigid Urethane 

Castor Oil-Polyol Mixtures 1 

Foams from Low Cost 

C. K. LYON, VILMA H. GARRETT and L. A. GOLD BLATT, Western Regional 
Research Laboratory," Albany, California 

The preparation of solvent-blown rigid urethane foams 
from low cost castor oil-polyol mixtures was investigated. 
Solutions of triisopropanolamine, and of mixtures of tri- 
isopropanolamine and trietbanolamine in castor oil, were 
used as the polyol component of these foams. Foams were 
prepared by reacting these polyol mixtures, in the presence 
of catalyst, surfactant, and triehlorofluoromethane, with 
prepolymers prepared from toluenediisoeyanate and certain 
polyether polyols or mixtures of these polyether polyols 
with castor oil. The effect of po]yol and prepolymer com- 
position and blowing agent concentration on such foam 
properties as density and compressive strength was investi- 
gated. The properties of the castor oil-based foams were 
comparable to those of foams obtained from more costly 
polyols. 

i Presented at the Spring Meeting of the American OiI Chemists' 
Society, St. Louis, :Missouri, May 1-3, 1961. 

i laboratory ef the Western Utilization Research and Development 
Division, Agricultural tCesearch Service, U. S. Department of Agriculture. 

R 
IGID URETI-1ANE FOAMS are eelhflar plastics whieh 
are being used in increasing amounts as insulat- 
ing material, in low density structural  panels, 

and in flotation gear such as life rafts and buoys. 
These materials can be foamed in place or in some 
cases sprayed on. 

These foams are polyurethane polymers produced 
by the reaction of polyisocyanates with polyhydroxy 
compounds or polyols as shown in the equation 

NCO 
/ CCl~F T 

R + H O - ~ - O H  ) 
catalyst 

NCO 
O O o [ ,I !l? II / - 

O C X - R - N H - C  - 


