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Abstract 
The t rue  tool wt of a sulfonate soap can be 

determined by osmometry if the soap is init ially 
converted to its methyl  ester. Conversion is ef- 
fected by  react ing :~ the soap with (CH3)2S04 
under  proper  conditions. This method not only 
affords a simple and reliable means of measur ing 
sulfonate tool wt, but  also allows one to character-  
ize a par t icular  sample in terms of its disulfonate 
and sulfone content. 

Introduction 

O IL-SOLUBLE SOAPS of high tool wt sulfonic acids 
have been used commercial ly for  m a n y  years. The 

sulfonic acids are general ly prepared  by sulfonation 
with sulfur  trioxide or olcum of the na tura l ly  oc- 
curr ing alkyl aromatic components of mineral  oil or 
high boiling ( > 6 0 0 F )  synthetic detergent  alkylate. 
The sulfonation reaction normal ly  produces mono- 
and disulfonic acids as well as some sulfones. The oil 
solubility of a par t icular  sulfonate mater ial  can be 
expected to depend, to a large extent, on its average 
tool wt, as well as its disulfonate and sulfone con- 
tent. A simple analyt ical  method t h a t w o u t d  furnish  
this information would aid those interested in moni- 
toring the product  qual i ty  of commercial sulfonates. 

Experimental 
Preparation of Methyl Sulfonates. The various 

methyl  sulfonates examined in this s tudy were pre- 
pared in the following manner.  Five g sulfonate soap, 
isolated f rom diluent mineral  oil by  dialysis (1-3) ,  
3 g dimethyl  sulfate and 5 g NaHCOa were weighed 
into a 500-ml, round-bottomed flask. Two hundred  ml 
xylene were added. The mix tu re  was heated at reflux 
for three hr  and s t i r red with a teflon bar  magnetic 
stirrer.  At  the end of the reflux period, the reaction 
mixture  was allowed t o  cool before filtering. The ill- 
t ra te  was placed in a round-bottomed flask and con- 
riected to a film evaporator  equipped with a water  
jacketed condenser, two dry  ice t raps  and a vacuum 
p u m p .  The flask was heated by a hot water  bath and 
the  solvents s t r ipped under  1 mm Hg. vacuum for  
approx  two hr. Approx  4.5 g of a clear viscous amber 
liquid was usually obtained by this procedure. 

Molecular Weights by Osmometery. Solutions of 1-5 
g methyl  ester/1000 g o-diehlorobenzene were pre- 
pared. The mol wt measurements  were obtained on a 
Meehrolab Model 302 vapor  pressure osmometer that  
had been standardized with samples of n-tetracosane 
and n-dotriacontane obtained f rom the H u m p h r e y -  
Wilkinson Corp. The overall average reproducibi l i ty  
observed for  duplicate samples ( averages of five dupli- 
cate  determinations of different samples) was 7. The 
range of individual  reprodncibili t ies ran f rom 3-9. 
Duplicate  determinations run  over a fourfold concn 
variat ion gave essentially equal mol wt. 

Equivalent Weight by Sap. Equivalent. ASTM 
Test Method  D-94 (4). 

Equivalent Weight by Ion-Exchange. Sulfonate 
samples (10-70 g) were dissolved in 3-4 times their 
volume of heptane and slowly passed through a col- 
umn made up of several hundred  g either Amberl i te  
IR-140 or Pe rmut i t  Q cation exchange resin. The 
column was washed with excess heptane followed by 
isopropanol, followed by  water. All the washings were 
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combined with the original elnate. The solvents were 
evaporated on a steam bath  under  a s t ream of nitro- 
gen, final traces being removed by heating in a vacuum 
oven at 80C. The completeness of conversion was 
checked by a sulfated ash determinat ion on the free 
sulfonic acid. The neutralization equivalent of this 
mater ial  was determined (5).  

Sulfur Analysis. ASTM Test Method D-129 (6). 

Discussion and Results 
The conversion of a par t icular  sulfonate sample to 

its corresponding methyl  ester affords a convenient 
means of characterizing the mater ial  in terms of its 
average tool wt as well as disulfonate and sulfone 
content. The average tool wt of the methyl  ester can 
be obtained direct ly by  osmometrie measurements  
under  proper  conditions. Previous experience had 
shown that  the apparen t  tool wt obtained f rom osmo- 
metric measurements  on the original soap were too 
large by at least an order of magnitude.  This is 
because dissolved surfac tant  molecules tend to cluster 
i n  aggregates commonly refer red  to as mieelles. The 
apparen t  tool wt under  these conditions is that  of the 
total  aggregate  ra ther  than  that  of unassociated surf-  
aetant  molecules. The reduction in polar i ty  a t tending 
the conversion of a sulfonate soap to its methyl  ester 
reduces this tendency to associate to a sufficient de- 

g r e e  so as to enable one to obtain t rue  tool wt f rom 
osmometer measurements.  The limited success re- 
ported by earlier workers (7) utilizing a similar ap- 
proach was probably  because they were unable to 
work at dilutions made pract ical  by modern instru- 
ments. In  this s tudy the concn (molali ty) employed 
were one-tenth to one-twentieth of those used by the 
previous workers. The higher temp (130C as com- 
pared  to 80 and 110C, respectively) employed in this 
s tudy would also tend to reduce the t rend of surfact-  
ant molecules to associate. This is shown by the fact  
that  the apparen t  tool wt of typical  methyl  sulfonates 
did not va ry  over a fourfold  conch change (Table I ) .  

The equivalent or combining wt, based on the sul- 
fonic acid function, can be obtained f rom the sapon- 
ification equivalent of the ester. The disulfonate con- 
tent  can be estimated f rom the difference between 
the two, i.e., average tool and equivalent wt. The 
degree of sulfone format ion can be estimated f rom the 
difference in the observed sulfur  content of the ester 
as determined by direct elemental analysis and that  
calculated on the basis of the sulfonate equivalent wt. 

The methyl  esters of six typical  materials  of com- 
merce were prepared.  Ther  respective mol wt were 
determined by  osmometry. The results show in Table 
I I .  

Two methods were used in determining the equiva- 
lent  or combining wt of the soap. The equivalent wt 
of some of the samples were calculated f rom the 
saponification equivalents of their  methyl  esters. The 
equivalent wt of the rest  were obtained by convert ing 
the soap to the corresponding free acid on an ion ex- 

TABLE I 

A p p a r e n t  )/[olecular W e i g h t  of l~ethyl  Sul fonates  
(Osmometer ,  O-dichlorobenzene Solvent,  130C)  
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a I A p p a r e n t  ~ n a A p p a r e n t  l ~ a I Apparent 
Sampl  . . . . .  i molwl~ i ~o c l m o l w t  t . . . . .  I m o l w t =  

1 . . . . . . . . . . . . .  4 8 8  [ 1.13 4 8 7  2.09 4 7 4  4.02 
2 r 1 . I8  4 8 3  9,14 4 7 5  3.91 4 8 6  

a G / I O 0 0  g solvent.  
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Sample 

A ........................... 
B .......................... 
C ........................... 
D .......................... 
E ........................... 
F ........................... 

T H E  J O U R N A L  O F  T H E  A M E R I C A N  0 I L  C t t E M I S T S '  S O C I E T Y  

T A B L E  I I  
Character iza t ion  of Sulfonates  

Mol wt  
Osmometry 1300  

in  o-dichloro- 
benzene 

VoI,. 41 

463 a 
546 b 
zlhl b 
461 b 
479 b 
453 a 

Su l fu r  content, % 
E q u i v a l e n t  - -  - -  - -  

wt  I Calc from ~ rved  
eq wt  vose  

453~ 7.1 I -qT0 
500 d 6.4 6.5 
452 e 7.1 I 7.1 
452 d 7.1 7.1 
463d I 6.9 7.2 
452 e ~ 7.1 ~ 7.1 

a Prepared  from na tu ra l l y  occur r ing  minera l  oil aromatics.  
s Prepared  front synthet ic  heavy detergent  alkylate. 
e Neutra l iza t ion  of free acid q- 14 to compensate for contr ibut ion of 

the CtIa group to the tool wt. 
Saponif icat ion equivalent .  

change column and t i t ra t ing  the result ing free acid 
with base. Both methods give reliable and reproducible 
results. The bomb method was used to determine the 
sulfur  content of the methyl  esters. 

I t  has been previously mentioned that  the presence 
of disulfonates would manifest  itself as a discrepancy 
between the observed average mol and equivalent wt, 
respectively. The presence of sulfones would be indi- 
cated by a difference in sulfur  content calculated f rom 

the equivalent wt and tha t  obtained by direct ele- 
mental  analysis. In  five of the samples examined, the 
equivalent wt were found to be essentially equal to 
the mol wt, thus indicating negligible disulfonate con- 
tent. The equivalent wt observed for Sample B, how- 
ever, was found to differ significantly f rom its tool wt, 
the difference indicat ing a disulfonate content of 
,--10%. Likewise, the sulfur  content estimated f rom 
equivalent wt for  five of the samples was found to be 
in excellent agreement  with those obtained f rom 
direct analysis, thus indicating a negligible sulfone 
content. In  the sixth sample, sample E, a barely  sig- 
nificant discrepancy between the two values, was 
observed. 
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Abstract 
Oxidation of fa t  is accelerated at temp as high 

as those used for  f rying.  The extent of this oxida- 
tion has been studied by f ry ing  two kinds of foods 
(chicken or potatoes) in cottonseed oil and in 
lard. Fa t  samples, taken prior  to use and follow- 
ing 5 and 10 hr of f ry ing  (both for  chicken and 
potatoes) were esterified. Subsequent quanti ta-  
tive assays of nlethyl esters by gas chromatogra-  
phy  showed that  the linoleie acid content had 
decreased f rom 57~1~9% af ter  cottonseed oil had 
been used 10 hr for  f rying.  This decrease was 
present  regardless of whether chicken or potatoes 
were fried. There was no change in the linoleic 
acid content of lard af ter  chicken was fried, but  
a decrease f rom 11.3-5.8% was noted when pota- 
toes were fr ied for 10 hr. 

The f a t t y  acid content of the fa t  extracted 
f rom the potatoes and the fa t  used to f r y  them, 
was the same when sampled at 5 hr. However,  
at  the end of the 10-hr f ry ing  period, fa t  ex- 
t racted f rom the potatoes had a lower linoleic acid 
content than fa t  used to f ry  them. Results were 
the same for both cottonseed oil and lard. F a t t y  
acid components of the fa t  extracted f rom the 
chicken seemed to be affected as much by the 
f a t t y  acid composition of the chicken itself as by 
fa t  used for  frying.  Whether  the chicken was 
cooked in fa t  used 5 or 10 hr made little differ- 
ence. 

Introduction 
UTOXIDATION REACTIONS occurring in fa ts  are ac- 
celerated at temp as high as those necessary for  

deep fa t  f ry ing  of foods (1),  but  the final degradat ion 

1 J o u r n a l  Pape r  No. 1130, Miss iss ippi  Agr i cu l t u r a l  Exper imen t  Stat ion.  
2 A por t ion  of the work  in  this  paper  is taken  from a thesis  sub- 

mitred in  pa r t i a l  fu l f i l lment  of the requi rements  for the Master  of Sci- 
ence degree a t  Miss iss ippi  State U n i v e r s i t y  in J anua ry ,  1963. 

products  differ with the conditions. Studies under  
controlled laboratory  conditions have shown tha t  
chemical changes which occur in a fa t  dur ing heat ing 
are dependent  on many  factors. Some of these factors 
are: length of t ime fa t  is exposed to heat and the temp 
(2 ) ;  presence of accelerators of oxidation such as 
oxygen or oxidation products  (3,4) ; mixed f a t t y  acid 
composition and the position of the f a t t y  acid in the 
tr iglyceride (5 ) ;  presence of metallic ions such as 
iron (1) ; presence or addition of hematin compounds 
(6) ; presence of water  vapor  (4) ; amt  of fa t  hea ted/  
uni t  of surface area (7 ) ;  presence of amino acids 
and carbohydrates  (8,9);  and processing conditions 
used to refine, dccolorize and deodorize the fa t  (10). 

The possible toxicity and reduced nutr i t ional  value 
of f ry ing  oils is still controversial. Some investigators 
(2,11-14) believe heated fats  lose nutr i t ional  value 
and could be a health hazard, but  others (15-18) re- 
por t  no toxic polymers present  and only slight changes 
in nutr i t ional  value. 

Many problems concerning thermal  oxidation of 
edible oils dur ing  use are poorly understood and are 
the subject of extensive research, yet most of the 
f a t t y  acid data available are based on raw fats. Chang 
and co-workers (19) found that  lard used for  f ry ing  
doughnuts for  50 rain showed very  little change in 
f a t t y  acid composition. They also found the linoleic 
acid content of corn oil used to f r y  potato chips for  
8 hr  was decreased f rom 55-52.2%. Fleischman and 
co-workers (20) repor ted tha t  corn oil used 15 min 
to f r y  potatoes showed a decrease f rom 66.5-54.3% 
in linoleic acid content. They also found the linoleic 
acid content of cottonseed oil had decreased 65.46- 
34.80% af ter  chicken had been fr ied for  2.5 hr. These 
decreases seem ra ther  large and some error may  
have been introduced because the data  on the oil 
before use were not obtained f rom an original sample 
but  an analysis of the same brand  of oil before use. 


