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characteristics of soap, that  is, it must not slough 
away when left wet, must have a smooth texture,  
must not crack, nmst foam well, and have good 
detergency without skin defat t ing (3). In addition, 
the synthetic bar must not leave a bathtub ring, must 
foam and have good detergency in the hardest water, 
and should take advantage of a low pH value. How 
well these ideals have been approached may be noted 
from the following tabulation, Table i I ,  based on a 
few typical examples of commercial and experimental 
formulations. Soap is used as a basis for eomparison. 

An examination of the above table indicates that  
D most closely resembles soap, with E a close second. 
Both represent satisfactory synthetie bar formulations 
when consideration is given to their  superior foam 
power in hard water and to their low pH values as 
compared to soap. Example C however, except for 
slightly inferior foam power, greatly excels soap in 
its resistance to wasting away, its feel under  semi- 
dry  conditions, and its low pH value which approaches 
that of a normal skin. This type of formulation would 
be very satisfactory. Formulat ions A and B would be 

unsatisfactory on foam value, and A in par t icular  on 
its tendency to slough away. 

I t  thus appears that  synthetic bars of excellent 
quali ty can be made f rom presently available raw 
materials that  are superior to soap except in perhaps 
a few minor details and that their impact on the 
250,000-ton-a-year market  is at present being felt  in 
the trade. I t  is the author ' s  opinion that  the fu ture  
will see a great shift in this market f rom soaps to 
detergents although the effect of this change will not 
be as devastating on the tallow market as that  pro- 
duced by detergent powders. This view is based on 
the par t  soap and tallow derivatives may play in the 
fu ture  formulation of such products. 
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N-Bromosuccinimide 

Fatty Acids and Oils 
in the Conjugation of 

D. D. NANAVATI,  BHOLA NATH, and J. S. AGGARWAL, 1 
National Chemical Laboratory, Poona, India 

C REATION of new conjugated double bonds for 
improving the drying properties of f a t ty  oils 
or acids of low unsaturat ion has been frequent ly  

reported. This may be brought about through chlorin- 
ation, followed by dehydrochlorination (1), dehydra- 
tion of hydroxylated fa t ty  oils (2, 3), or introduction 
of hydroxyl  groups by oxidation accompanied by 
dehydrat ion (4). 

Methods for effecting conjugation by the isomerism 
of polyunsaturated fa t ty  acids are well known (5, 6). 
Brode et al. (7) have shown that  debromination of 
tetrabromo derivative of 9:12-1inoleic add  produces 
to some extent conjugated unsaturated acids. Re- 
cently Teeter et al. (8) reacted t e r t -bu ty l  hypoehlo- 
rite with methyl oleate, methyl linoleate, and some 
vegetable oils under  various conditions and then by 
thermal dehydrochlorination introduced conjugation, 
principally of diene and triene type. In  the case of 
methyl oleate they found that  the products consisted 

1 Present  address:  l~egional l~esearch Laboratory, Hyderabad,  Deccan, 
India.  

mostly of a mixture of allylic and nonallylic mono- 
chloro derivatives and a saturated diehloro derivative, 
possibly methyl  9,10-dichlorostearate. Methyl linole- 
ate was converted by t e r t -bu ty l  hypochloritc and meth- 
anol to methyl dimethoxy diehlorostearate ; its thermal 
decomposition resulted in the formation of a 21.7% 
methyl diketostearate. Teeter et al. explained these 
reactions by a free-radical chain process. More re- 
cently Arnold (9) has obtained a patent  on the use 
of alkali metal hypoehlorite for  the same purpose. 

Ziegler et al. (10) have shown that  a hydrogen atom 
on a methylene group adjacent to an ethylenie double 
bond may easily be replaced with bromine by means 
of N-bromosuceinimide. By this reaction Teeter (8) 
introduced bromine in the allylic position in methyl 
esters of soybean fa t ty  acids and methyl linoleate. 
Sehnlid and Lehmann (12) brominated methyl elai- 
date and methyl  brassidate with N-brmnosuceinimide 
and, af ter  dehydrobromination, isolated 9:l l-octadeea- 
dienoie and 13:lh-docosadienoic acids. Gunstone (13) 
has however pointed out that the properties of the 
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former acid differ from those of the known trans-trans 
9:ll-octadecadienoie acid and that confirmation of 
these results is desirable. Sutton and Dut ta  (14) ob- 
served that  both the 8- and 11-monobromo-oleates to- 
gether with a small quant i ty  of the dibromo-ester 
were formed when methyl oleate was reacted with an 
equivalent amount  of N-bromosuceinimide. They how- 
ever could not separate the two mono-bromo isomers 
in a pure state. In agreement with Schmid and Leh- 
mann (12) and Clemo and Stevens (15) we also infer  
from o~r studies o.n the ozonolysis of the dehydro- 
brominated products that  bromination generally oc- 
curs on the allylic CHe group distant f rom the 
earboxylic group. 

Bergstrom and tIansson (16) reacted methyl !in- 
oleate with N-bromosuccinimide in ultraviolet light 
and reported the formation of diene during bromi- 
nation as a result ef the tautomerism of the double 
bond systenl in a free-radical reaction. 

Previously we reported (17) that  the allylic bro- 
mination of the methyl esters of oleic, petroselinic, 
erucic, stearolic, and behenolie acids with N-bromo- 

TABLE I 
Character is t ics  of 1Viethyl Es te rs  and  of the P roduc t s  l~esulting f rom 

AIlylic Bromina t ion  Followed by T h e r m a l  Dehydrob romina t ion  

Methyl ester of 
fa t ty  acid 

E ruc i e  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Oleir ............................... 
Petrosel inic  . . . . . . . . . . . . . . . . . . . .  

Stearolic . . . . . . . . . . . . . . . . . . . . . . . . . .  

Behenolic ........................ 
Linoleic ........................... r 

I Af ter  reac t ion  with N- 
Or ig ina l  b romosuce in imide  and  

_ _  _ [ dehydrobromina t ionn  

Iod ine  ,~o~/]) L Iod ine  I -oo/D D i e n e  
va lue  a n' I v a l u e a  / n va lue  b 

89.8 1.4420 [ 128.0 ~ 1.4640 42.8 
89.9 1.4421 121.4 / 1.4682 39.7 
85.1 1.4452 I 123.4 / 1 .4772 36.2 
70.5 1.4582 I 109,3 ] 1.4722 37.3 

180.4 1.4530 I 247.3 ] 1.4725 67.5 

a Iod ine  va lue  de te rmina t ions  were  ca r r i ed  out  by the Rosenmund-  
K u h n h e n n  method as modified by  Planck,  Pack,  and  Goldblatt  ( 22 ) .  

b The  diene va lue  is expressed in t e rms  of the  equ iva len t  n u m b e r  of 
cen t ig rams  of iodine p e r  g r a m  o f  the sample  (23 ) ,  

suceinimide, followed by thermal dehydrobromina- 
tion, gave the corresponding conjugated fa t ty  acids 
in yields of 3 0 4 0 % .  The work has now been ex- 
tended to 9:12-1inoleie acid and also to some seed 
oils [mustard, peaunt, safflower, Pangomia glabra 
(karanja) ,  Azadirachta indica (neem), olive, tobacco 
oils]. 

E x p e r i m e n t a l  

All f a t ty  acids and oils were of high-grade puri ty.  
The fa t ty  acids were converted to their methyl esters 
as usual. The experimental details of the bromination 
of methyl oleate and peanut oil with N-bromosuceini- 
mide and their  subsequent dehydrobromination are 
given below. Similar t reatment  is applicable to other 
esters and oils. 

Bromination of Methyl Oleate with Equimolecular 
Proportion of N-Bromosuccinimide. A 500-ml., three 
necked flask, equipped with a mercury-sealed stirrer,  
a condenser with CaC12 tube, and an inlet for d ry  
nitrogen gas was employed. To a solution of methyl 
oleate (30 g., 0.1 mole) in carbon tetrachloride (150 
ml.) was added N-bromosuccinimide (18 g., 0.1 mole) 
and benzoyl peroxide (0.6 g.). The reaction mixture  
under  nitrogen atmosphere was st irred and heated 
gradual ly to 70 ~ After  the ex0thermic reaction sub- 
sided, refluxing was continued for 1]~ hr. Fi l t ra t ion 
of the mixture removed succinimide and unreaeted 
N-bromosuccinimide from an orange solution of bro- 
minated methyl oleate. 

Thermal Dehydrobromination of Methyl Bromo- 
Oleate. The above orange solution of methyl  bromo- 
oleate was t ransferred to another 500 ml., two-necked 
flask, fitted with a condenser and a CaC12-tube, and 
was heated on a water bath under  a continuous cur- 
rent of nitrogen until  a test with ammonia indicated 
that no more hydrogen bromide was being evolved. 
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The solvent was removed under  vacuum. The viscous 
product  was dissolved in petroleum ether (b.p. 40- 
60 ~ and ehromatographed over silica gel, using 
ethyl ether as eluant. Characteristics and the ul t ra-  
violet absorption spect rum of the major  halogen-free 
fract ion (11.2 g.) are given in Table I and F igure  1, 
respectively. 

Similar  data  of the products  obtained f rom methyl  
esters of petroselinie, erucie, stearolic, and behenolie 
acids are recorded in Table I and F igure  1. 

Treatment of Methyl Oleate with Excess of N-Bro- 
mosucci,aimide and Subsequent Thermal Dehydro- 
bromination. A mixture  of methyl  oleate (30 g., 0.1 
mole), N-bromosuceinimide (60 g., 0.3-0.4 mole) and 
benzoyl peroxide (1 g.) in carbon tetrachloride (200 
ml.) was refluxed under  ni t rogen for 2 hr. at 80-85 ~ 
The orange solution was then subjected to thermal 
dehydrobromination.  The resul tant  product  (10 g.) 
af ter  chromatographic  purification was found to con- 
tain no halogen. I ts  ul traviolet  absorption curve as 
well as that  of the mater ia l  obtained f rom methyl  
erucate are shown in F igure  2. 

Ozonolysis of the Dehydrobrominated Product from 
Methyl Oleate. Ozonized oxygen was passed into a 
solution of dehydrobrominated  product  f rom methyl  
oleate (20 g.) in anhydrous  ethyl acetate (250 ml.) at 
0 ~ for  20 hr. The solvent was removed at about 30 ~ 
by a s t ream of d ry  air. The ozonide was decomposed 
in water  at 60-70 ~ The mixture  was steam-distilled. 
The product  was extracted f rom the distillate with 
ethyl ether, dried over anhydrous  sodium sulphate, 
and recovered as usual. The product  distilled at 125- 
128~ ram. weighed 4.1 g. Anal. found:  C, 64.3%; 
H, 10.5%; Neut. equiv. 130. Cale. for  C~H1402: C, 
64.6%; H, 10.8%; Neut. equiv. 130. The amide was 
p repared  in the usual manner.  I t s  melt ing point  and 
mixed m.p. with an authentic specimen of heptylie 
amide was 92-94 ~ 

Ozonolysis of Dehydrobrominated Product from 
Methyl Petroselinate. A solution of the dehydrobro- 
minated product  f rom methyl  petroselinate (5 g.) in 
anhydrous  ethyl acetate (80 ml.) was ozonized at 0 ~ 
The ozonide was decomposed with hydrogen perox- 
ide. The steam-volatile product  was recovered as 
above. I t  distilled at  135~ ram. (bath-temp.) .  
Yield: 1.1 g. Anal. found:  C, 69.6%; H, 11.4%; 
Neut. equiv. 170. Calc. for CloH2002: C, 69.8%; H, 
11.6%; Neut. equiv. 172. 

Bromination of Peanut Oil with N-Bromosuccini- 
mide. A mixture  of peanut  oil (25 g.), N-bromosuc- 
cinimide (20 g.), and bcnzoyl peroxide (0.6 g.) in ear- 
ben tetrachloride (175 ml.) was refluxed for  11,~ hr. 
The reaction product  was cooled and filtered. 

Dehydrobromination of the Brominated Peanut Oil 
with 2:4:6-Collidine. This solution was mixed with 
2:4:6-eollidine (125 ml.) and refluxed for I hr. The 
eollidine hydrobromide was filtered off, and the fil- 
t ra te  was concentrated in a water-bath under  reduced 
pressure. The sy rupy  residue was taken up in ethyl 
ether, t reated with dilute hydrochloric acid (1:1) ,  
and washed several times successively with water,  
sodium carbonate solution (1%) ,  and water. I t  was 
dried over anhydrous  sodium sulphate. Removal  of 
the solvent in vacuo gave a dark  brown thick liquid�9 
The iodine and diene values of the mater ial  are re- 
corded in Table I I .  A small sample was dissolved in 
petroleum ether (b.p. 40-60 ~ and ehromatographed 
over silica gel with ethyl ether as the eluant. The 

T A B L E  11 
Character is t ics  of Var ious  U n s a t u r a t e d  Oils and of the P rodac t s  

tgesul t ing from Ally]ic Bromiua t ion  Followed by 
Dehydrobromina t ion  

Vegetable 
oils 

Mus ta rd  .......................... 
P e a n u t  ............................ 
Olive ............................... 
Tobacco seed ................... 
Safflower seed ................. 
Pongamia glab~"a 

( K a r a n j a )  .................. 
Azadirachta indian 

(neem) ....................... 

Or ig ina l  

l o d i n e  
va lue  a 

96.0-- 
93.2 
83.6 

138.6 
139.6 

n6OO/D 

1.4592 
1.4590 
1.4651 
1.4622 

81,5 1.4639 

81.9 1.4572 

After  react ion wi th  N- 
bromosueeinimide  and 
dehydrobromina t ion  

Iodine  neOO/D Diene 
va lue  a va lue  b 

115.5 1.4800 21.9 
118.2 1.4850 33.0 
106.3 1.4643 23.7 
150.9 1.4880 26.3 
146.3 1.4873 20.9 

113.4 1.4738 25.6 

101.7 1.4643 20.7 

a Iod ine  va lue  de te rmina t ions  were carr ied  out  by the Rosenmund-  
K u h n h e n n  method as modified by Planck,  Pack, and  Goldbla t t  ( 22 ) .  

b The diene va lue  is expressed in  te rms o f  the equ iva len t  number  of 
cent igrams of iodine per  g r am of the sample (23 ) .  

ehromatographed sample was examined for  its charac- 
teristics and ultraviolet  absorption1 spect rum (Figure  
3). Similar data  for the other oils are also i'ecorded 
in Table I [  and Figure  3. 

These products  are light brown to reddish brown in 
color and exhibit a marked tendency towards poly- 
lnerization and gelation. 

Results and Discussion 

Allylie brominat ion occurs through a free-radical 
chain mechanism (18, 19), and the bromo-derivative 
undergoes a thermal  spl i t t ing into a molecule of 
hydrogen bromide and a compound containing a new 
double bond in conjugated position to the ethylenic 
or aeetylenie bond initially present  in the f a t ty  acid. 
The free-radical process is favored in the case of 
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allylic bromination with N-bromosuceinimide because 
catalysts, like ultraviolet light or peroxide (which are 
generally believed to catalyze reactions through free 
radicals), produce a pronounced effect on the rate of 
reaction with N-bromosuccinimide. 

In  the present s tudy with methyl esters of f a t ty  
acids, products of all the bromination-dehydrobromi- 
nation reactions showed blue fluorescence under  ultra- 
violet light and a strong absorption maximum at 
231 mr, (Figure  1). Fur thermore  the increases in 
iodine values, refractive indices, and diene values 
(Table I) clearly show that  this method is at least 
30 to 40% effeetive in creating a double bond in the 
conjugated position to the one initially present. The 
products polymerize and gel slowly. 

By studying the reaction with methyl oleate, Sut- 
ton and Dut ta  (14) concluded that  substitution of 
bromine for hydrogen took place on both sides of the 
double bond, possibly by a route other than a free- 
radical mechanism. In the present study, milder re- 
action conditions were used for the reactions of the 
methyl esters with equivalent amounts of N-bromo- 
succinimide. Consequently it was possible to prepare 
monobromo derivatives of the monoethylenic acids. 
Under these conditions, substitution might occur on 
either side of the double bond. Then, by thermal  
dehydrobromination, bromo-oleate might be converted 
to 9 : 11- and /o r  7 : 9-octadecadienoate, bromopetroseli- 
note to 6:8- and /o r  4:6-octadecadienoate, and bromo- 
erucate to 13:15- and /or  l l :13-doeosadienoate. The 
production of heptanoic acid by ozonization proved 
that the products from methyl oleate and erucate 
were, respectively, 9:11-octadecadienoic and 13:152 
docosadienoic acids. In the case of methylpetroselinate 
the product  was probably 6:8-octadecadienoic acid be- 
cause ozonization gave decanoic acid, in agreement 
with earlier observation of Clemo and Stevens (15). 

Thus our observations, as well as those of Clemo 
and Stevens (15) and Schmid and Lehmann (12), 
show that, in the reaction of equimolecular propor- 
tions of N-bromosuccinimide and a methyl ester of a 
monoethylenic acid, bromide tends to substitute by a 
free-radical process for hydrogen in the allylie methyl- 
ene group far thest  f rom the carboxylic group. 

When an excess of N-bromosuccinimide by three to 
four times was used in the reactions with methyl ole- 
ate and erucate, the dehydrobrominated products in- 
cluded a small amount of material which exhibited 
ultraviolet absorption maxima at 231 and 268 m~ 
(Figure  2), indicating the presence of both diene and 
triene conjugation. All at tempts to separate these 
products  (by chromatography over silica gel) were 
unsuccessful. 

By reaction with equimoleeular proportions of 
N-bromosuccinimide and thermal dehydrobromination 
of the products, methyl stearolate and behenolate 
might be converted to 11-oetadecen-9-ynoic and /o r  7- 
octadecen-9-ynoic acids, and 15-docosen-13-ynoic an d /  
or ll-docosen-13-ynoic acids, respectively. Conjuga- 
tion of the acetylenic with an ethylenic double bond 
(20) was indicated by the absorption maximum at 
228 mt~ (Figure  1). The presence of an acetylenie 
bond was confirmed by the infrared absorption spec- 
t rum (21). 

All the characteristics of the product  f rom methyl 
stearolate (Table 1) show that  it may be methyl  
ximenynate or an isomer. Ozonization of the dehydro- 
brominated products from both methyl stearolate and 

behenolate gave heptanoic acid, showing that  the 
products were 11-octadecen-9-ynoic and 15-doeosen- 
13-ynoic acids, respectively. 

F rom these results it is concluded that  substitution 
of bromine in the allylic position generally takes place 
on the carbon far thest  from the carboxylic group, in 
the acetylenic acids as well as in the monoenoic acids. 

Characteristics of the products obtained from the 
application of this series of reactions to methyl 9:12- 
linoleate are shown in Table I. These are similar to 
those previously reported by Bergstrom and Hansson 
(16). The ultraviolet absorption spectrum (Figure  
1) definitely shows triene and tetraene conjugation 
with a small amount of a diene-eonjugated product. 

Because the methylenic group at position 11 is 
activated, the major  amount of bromination would 
be expected at this point. Subsequent dehydrobromi- 
nation and rearrangement  then would yield the triene- 
conjugated system. In addition, bromination might 
also occur at both positions ]1 and 14, yielding a 
dibromo compound which would be dehydrobromi- 
nated to a tetraene-conjugated system. The presence 
of conjugated diene may be explained by a shift of 
double bonds dur ing bromination. However no deft- 
nite compound could be isolated from the products 
of ozonization. 

When this series of reactions was applied to various 
oils, complete dehydrobromination could be effected 
only by heating in 2:4: 6-collidine, pyridine, or quiuo- 
line, In  this case the thermal dehydrobromination 
yielded gels unless one of these solvents was used. 
Characteristics of the original oils and the conju- 
gated products are recorded in Table II.  I t  is evi- 
dent that  the extent Of conjugation of the oils was 
considerably less than that  of the methyl esters. The 
ultraviolet absorption spectra (Figure 3) show the 
presence of both diene and triene conjugation in the 
products. Because the linoleate content of tobacco 
seed and safflower oils is high (66 to 70%),  their 
products  contained appreciable amounts of trienc 
conjugation and gelled shortly af ter  they were pre- 
pared. Their  films set to the wrinkled patterns typi- 
cal of tung and kamala .oils. 

Summary 
a) A series of methyl esters of f a t ty  acids were 

reacted with N-bromosuccinimide, and the products 
were dehydrobrominated by heating. 

b) In the reaction of methyl erucate and methyl 
oleate with equivalent amounts of N-bromo:mccini- 
mide, bromination occurred in the allylic position 
farthest  f rom the carboxyl group. Products  of dehy- 
drobromination contained 30-40% conjugated dienoic 
acids. 

c) Use of excess N-bromosuccinimide led to pro- 
duction of both diene and triene conjugation. 

d) Products  from mono-aeetylenic fa t ty  acids had 
a double bond conjugated to the triple bond initially 
present. 

e) The product  from methyl 9:12-1inoleate was a 
complex mixture having diene, triene, and tetraene 
conjugation. 

f) Mustard seed, peanut, olive, karanja,  neem, to- 
bacco seed, and safflower oils were reacted with N- 
bromosuccinimide. The bromo derivatives could not 
be satisfactorily dehydrobrominated by heat alone; 
heating in pyridine, quinoline, or 2:4:6-eollidine was 
more effective. The products f rom safflower and to- 
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bacco seed oils part ial ly gelled during the process. 
The fihns of all the treated oils dried in wrinkled 
patterns. 
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Methyl Esters Directly from Acidulated Soapstock 
PAUL H. EAVES, J. J. SPADARO, and E. A. GASTROCK, 
Southern Regional Research Laboratory, 1 New Orleans, Louisiana 

T HE ESTERS of f a t ty  acids are usually prepared by 
aleoholysis of triglycerides or by esterification of 
fa t ty  acids. As both of these commodities are in 

the 13r to 15t-per-pound price range, esters prepared 
from them would necessarily be high in price. The 
use of acidulated cottonseed oil refinery soapstock (or 
foots) " a s  i s "  as a p r imary  source of f a t ty  acids for 
the preparat ion of fa t ty  acid esters was suggested by 
the low cost of loots f a t ty  acids (about 51Ar per 
pound) as compared to the distilled acids, by the 
fact  that  loots are normally in surplus and difficult 
to dispose of, and by the oppor tuni ty  of making the 
fa t ty  acid esters available at low cost for  commercial 
USes .  

Pack and Goldblatt (3) have reported a method of 
prepar ing benzyl esters by reacting the respective chlo- 
rides with dehydrated raw soapstoek in an inert  solvent 
media. However no work is known in which acidu- 
lated soapstock has been employed directly "as i s "  
as the pr imary  source of fa t ty  acids for the prep- 
aration of the fa t ty  acid esters. This paper  is a report  
of the results of an investigation conducted to deter- 
mine the conditions required to esterify in situ the 
f a t ty  acids of acidulated loots and to develop a prac- 
tical process for producing fa t ty  acid methyl  esters 
directly f rom acidulated cottonseed loots. 

]~xperimental 
Materials. Four  lots of commercial grade acidulated 

soapstock (or loots) were used in this investigation. 
One lot had been hydrolyzed by the Twitchell process. 
All of the acidulated loots were f rom raw soapstocks 
produced by the continuous alkali-refining method. 
The analyses of the foots, given in Table I, show that  
their total fa t ty  acids (T.F.A.) content varied only 
f rom about 91% to 94% but  that  their  free fa t ty  acids 
content ranged from 70% to 94%. This variation in 
free f a t ty  acids was caused by the variation in neu- 

- -*  One of the laboratories of the Southern Utilization Research and 
Development Division, Agricultural Research Service, U. S. Depart- 
ment of Agriculture. 

TABLE I 
Analyses of Soapstocks 

Lot Description 

A Acidulated 
B Acidulated 
C Itydrolyzed a 
D Acidulated 

Total Oxidized Free 4. . , 
fatty fatty fatty ~ eui~r ai 
a c i d s  acids acids 

% % % % 
92.6 4.6 70.4 23.2 
91.3 5.4 79.1 ] 12.4 
94.3 5.0 94.1 0.2 
91.3 I 6.0 I 76.0 I 16.1 

Gossy- 
po1 

% 

0.12 
0.02 

"Hydrolyzed by the T~vitchell Process. 

tral  oil content, ranging from the unusual ly low value 
of 0.2% in the hydrolyzed foots to the rather  high 
23.2% in Lot  A. 

The methanol used was reagent grade absolute and 
was of synthetic origin. 

Acidic catalysts were used because of their toler- 
ance for small amounts of water, such as are found in 
most acidulated soapstocks. Hydrogen chloride was 
used as the catalyst in the first series of tests. The 
catalyst for  all of the remaining tests was a crude 
form of Twitehell reagent in an excess of sulfuric acid. 
This catalyst was prepared by reacting together one 
mole of naphthalene, one mole of distilled cottonseed 
fa t ty  acids (mixed),  and 6 moles of 100% sulfuric. 
The resulting mixture of naphthalenestearosulfonic 
and sulfuric acid was used " a s  i s ."  The sulfuric 
acid was probably the major  catalytic agent with its 
activity enhanced by the emulsifying action of the 
sulfonic acid. 

Methods of Analysis a~d Evaluation. The appli- 
cable methods of the American Oil Chemists' Society 
(1) were employed in determining total and oxidized 
fa t ty  acids and unsaponifiable matter.  Gossypol was 
determined by the method of Pons, Hoffpauir,  and 
O'Connor (4) and neutral  oil by the method of Lin- 
teris and Handschumaker  (2) as modified by the 
American Oil Chemists' Society. 

Free fa t ty  acids in the distilled esters were deter- 
mined by t i t rat ion with 0.1 N alkali. The free fa t ty  
acids of the soapstoeks were calculated on the basis 
of their content of total fa t ty  acids and neutral  oil. 


