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Sample 
No. 

1. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 

9. 
10. 
11. 
12. 

Description 

Untreated cottonseed pigment glands . . . . . . . . . . . . . . . . .  
Sample 1 heated dry for 1 hr. at 1 0 5 ° C  .... . . . . . . . .  
Untreated cottonseed pigment glands .................. 
Sample 3 heated dry for 1 hr. at 103°C ............ 
Untreated cottonseed pigment glands . . . . . . . . . . . . . . . . .  
Untreated cottonseed pigment glands . . . . . . . . . . . . . . . . .  

Pure gossypol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pure gossypol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Untreated cottonseed loigment glands . . . . . . . . . . . . . . . . .  
Untreated cottonseed pigment glands .................. 
Un~rea~ed cottonseed p i g m e n t  glands . . . . . . . . . . . . . . . . . .  
Untreated cottonseed pigment glands .................. 

Before storage 

Gossypol Oral 
L D 5 0  

content value 

% mg. /kg .  

.... a 1 0 6 0  

.... a 1 1 1 0  

.... a 1 3 5 0  
a 1520  

28 .6  b 2 1 7 0  

ca. 1 0 0 . 0  b 2480 
ca. 100 .0  b 2 6 0 0  

37.8  h 1140  
34.3  b 1345  
30.3 b 1 6 3 5  
34.15 1845  

Time 
stored 

yrs . -mos.  

9 - 7  
8 - 3  
9 - 0  
8 - 5  
5 - 1  
4 - 9  

5--8 
7 - 4  

After storage 

Gossypol 
content 

% 
36.8  b 
35.1  b 
29 .7  b 
27 .3  b 
30 .2  b 
27 .0  b 

Oral 
L D 5 0  
value 

mg. /kg .  

1 1 0 0  
1 3 1 0  
1 4 8 0  
1710  
1 4 1 0  
1 9 6 5  

2 2 0 0  c 
2 3 1 5  c 

a Analyzed by the then current antimony trichloride method of Boatner et al. ( ] 0 ,  l ] . ) .  
i) Analyzel by the Official A.O.C.S. method of Pens and Guthrie ( 9 ) ,  
~" Administered in soybean oil instead of distilled water. 

Experimental 

The acute oral toxicity was determined on male 
rats (150-220 g.) of the Holtzman strain, which had 
been fasting for 18 hours with water ad l ibitum. Each 
rat was individually caged in an air-conditioned ani- 
mal room maintained at 78 ___ I°F.  and~ ca. 45% rela- 
tive humidity. All  of the samples had been stored in 
sealed containers in coolers held at 2 to 10°C. The 
pigment glands (or gossypol) were thoroughly mixed 
with distilled water and administered in a single dose. 
After intubation all animals were allowed free access 
to stock diet and water. Calculation of the median 
lethal dose (LD50) was made after one week by the 
method of Reed and Muench (8) .  Duplicate gossypol 
analyses on the stored samples were made by each of 
two independent laboratories, according to the method 
of Pens and Guthrie (9) .  

Results 

A summary of the LD50 values and the gossypol 
analyses before and after storage is given in Table I. 
The total number of ruts used was 1,148. It may be 
noted that there was no great change either in the 
LD50 values or in the analyzed gossypol content of 
the samples stored from 4 ~  to 9 ~  years. As was 
also the case befor(~ storage, there is no apparent cor- 
relation between the acute oral toxicity of the various 

stored samples of cottonseed pigment glands and their 
analyzed gossypol content. In all cases the samples 
of cottonseed pigment glands containing only 27.0 to 
37.8% gossypol were more toxic than pure gossypol. 

Summary 

Six samples of cottonseed pigment glands and two 
samples of pure gossypol stored for more than four 
to nine years were re-evaluated for their acute oral 
toxicity in the rat and re-analyzed for gossypol con- 
tent. There was no appreciable effect on the acute 
oral toxicity or gossypol content after these long 
storage periods. 
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An Electron Microscope Study of Certain Dispersions of 
Detergents in Oil I 
J. B. PERI, 2 California Research Corporation, Richmond, California 

I 
N CONTRAST to the extensive investigations of soaps 
and detergents in aqueous solution, comparatively 
few studies have been reported on such compounds 

in hydrocarbon solvents. The studies which have been 
made show that the hydrocarbon systems are similar 
in many ways to aqueous systems (7 ,  9). Micelles of 
soaps and detergents in hydrocarbon solvents are gen- 
erally assumed to b e "  inverted" (i.e., with polar heads 
in the interior of the micelle). In liquid systems of 

1 Presented before the Colloid Division, 124th meeting of the Ameri- 
can Chemical Society, Chicago, September, 1953. 

~Present  address: P~esearch Department, Standard Oil Company 
( I n d . ) ,  W h i t i n g ,  I n d .  

this type, micelles have been postulated which are 
threadlike or rodlike (8) ,  spherical (14),  platelike 
(18) ,  and lametlar (11).  Arkin and Singleterry (1) 
and Singleterry and Weinberger (16) have presented 
evidence to show that the critical concentration for 
micelle formation in benzene solutions of calcium 
xenyl  stearate is less than 10 6 moles/liter at room 
temperature and that the size and shape of soap mi- 
callas in benzene may be markedly altered by small 
amounts of water. 

N o n l i q u i d  soap-hydrocarbon  systems have been 
fairly extensively investigated (3, 8, 10). Such sys- 
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terns are microcrystall ine pastes or gels. The electron 
microscope has been successfully used in the s tudy of 
commercial  greases by Fa r r ing ton  and Birdsall  (5) 
and by others. 

This pape r  presents some results obtained in an 
electron microscopic investigation of liquid disper- 
sions of detergents and soaps in oil. This investiga- 
t ion was under take~  in eom~ection with research on 
the dispersion of detergent  additives in lubricat ing 
oils. 

Experimental Methods 
The detergents and soaps used in this investigation 

were exper imental  oil additives of commercial pu r i ty  
(with the exception of the lead oleate). The calcium 
cetyl phosphate is a mixture  of mono- and dieetyl 
subst i tuted phosphates (12). The sulfurized calcium 
alkyl phenate  is made by neutral izat ion of an alkyl 
phenol of approx imate ly  300 molecular weight (4). 
The product  is then reacted with slightly less than  a 
stoiehiometrie amount  of sulfur.  These additives were 
available in the fo rm of oil concentrates containing 
30% to 40% by weight of the additive and were used 
without fu r the r  purification in the prepara t ion  of 
oil solutions studied. Lead oleate was prepared  by 
dissolving C.P.  lead monoxide in a 10% excess of 
C.P. oleic acid (Elmer  and Amend)  at 90°C. in a 
vacumn oven. The product  was washed three times 
with absolute ethanol and dried at 90°C. under  vac- 
uum. The oils used as solvents were a naphthenic 
SAE 40 pet roleum oil (A)  and a medicinal white 
oil (B) ,  characterist ics of which are given in Table I. 
These oils appear  relat ively part icle-free under  the 
electron microscope. 

T A B L E  I 

Charac t e r i s t i c s  of Oil Solvents  

Naph then ic  Medic ina l  
Oil oil white oil 

(A)  ( B )  

Dens i t y  d~ ° 0.907 0.896 
Viscos i ty  at  38°C.,  es ........................ 235 74 
Viscos i ty  at  99°C., es ........................ 15.0 7.6 
Vis : 'os i ty  index  ................................. 59 60 

Naph then i c  + Naph then i e  
P r i n c i p a l  h y d r o " a r b o n  types  ............ some a roma t i c  (no a r o m a t i c )  
Flash point,  COC, °C .... . . . . . . . . . . . . . . . . . . .  230 180 

The electron microscope used in this work was an 
R.C.A.  Model EMU-2D. 

The technique of specimen prepara t ion  follows. A 
very  small amount  of oil ( < . 1  rag.) was placed on a 
Parlodion film suppor ted  by  a 200-mesh woven wire 
screen 1/s in. in diameter.  This oil was then spread 
thistly with one or two strokes of a thin glass rod. 
The thin oil fihn thus obtained (probably 1-3 t~ thick) 
would not in its original condition be expected to per- 
mit  effective observation of very small particles. The 
success of the method appears  to depend upon the 
behavior of such a fihn in the electron microscope. 
When  screens p repared  in this way are examined in 
the electron microscope, the oil appears  to have col- 
lected under  the wires of the suppor t ing screen. This 
is usual ly evidenced by  the appearance  of residual 
oil or of nonvolatile components of the oil at  the 
corners of the screen openings. The Parlodion over 
the openings ordinar i ly  appears  to be free of oil. In  
some cases residual oil can be seen near  the screen 
wires, completely r inging the oil-free area in the 
screen opening. The exact cause of this redistr ibu- 
t ion of the oil film is not  clear, but  it appears  to 

F r o .  1. C a l c i u m  c e t y l  p h o s p h a t e  i n  n a p h t h e n i c  o i l  ( A ) .  
1 3 0 , 0 0 0 X .  

occur very quickly when the specimen is s truck by 
the electron beam. An effect which may  be analogous 
can be observed by placing a suspension of carbon 
black in oil in a thin layer on a thin glass plate sup- 
ported by two parallel  metal  rods an inch or two 
apar t  and heat ing f rom above with an in f ra red  lamp. 
The oil is observed to collect over the metal  rods, 
leaving the glass plate between the rods essentially 
free of oil and  covered with particles of the sus- 
pended carbon black. I n  this case the redistr ibution 
of the oil appa ren t ly  results f rom the tempera ture  
differential existing between the portior~ of the glass 
plate immediate ly  over the the cool metal  rods and 
that  between the rods. A similar effect may  explain 
the behavior of a thin oil film in the electron micro- 
scope. Al terna t ive ly  it is possible that  charging of 
the oil by the electron beam results in migrat ion of 
the oil to the, screen wires. 

Some evaporat ion of the oil undoubtedly occurs 
pr ior  to and dur ing  the redistr ibution of the oil film, 
but this appears  to be of secondary importance.  Elec- 
tron micrographs  of carbon black suspensions in oil 
and of used lubricat ing oil specimens prepared  by 
this technique indicate that  no very marked concen- 
t ra t ion of particles occurs dur ing this process. Some 
oils may  occasionally collect in small patches on the 
Parlodion film as well as under  the screen wires. 
Prepara t ion  of additional screens will however usu- 
ally give a suitable, film. 

In  most eases thinning of the oil fihn because of 
such redistr ibut ion together with some evaporat ion 
results in the mechanical  grounding of even the 
smallest part icles present  in the oil. Electron micro- 
graphs are usual ly  quite, reproducible for  successive 
screens, indicat ing tha t  particles of a given size are 
deposited f rom an oil film of near ly  constant thick- 
ness. P resumably  the smallest particles are deposited 
when the fibn is thinnest. 

Kodak lantern-slide, med ium plates were exposed 
for  about two seconds in taking micrographs.  The 
electron micrographs presented were all taken at 
16,000 X (except  F igure  3, which was taken at 6,000 
X ) and enlarged photographically.  



pear  to contain f rom about 25 molecules per  micelle 
(for a 40-3* diameter  sphere) upwards  to several 
hundred  for  the longer rods. I t  can be seen that  the 
rod-shaped mieelles are quite f requent ly  found in 
pairs  or short rows. The spacing' between centers of 
such paired or rowed mieelles seems to be fa i r ly  
uniform, averaging" about  90 A to 100 A. This ap- 
pears  to correspond to a spacing between mieelle 
surfaces of about  40 3~ to 50 A. 

Experimental Results 
Electron micrographs at low magnifications of a 

35% by weight suspension of calcium eetyl phosphate 
in naphthenic  oil (A) show large nmnbers of appar-  
ent ly amorphous  masses averaging several microns in 
diameter. At  high magnifications however, wherever 
these particles are small enough or thin enough to 
permit  observation of internal  structure,  they ap- 
pear  to be composed of agglomerated,  approximate ly  
spherical mieelles, appa ren t ly  near ly  uni form in size. 
A portion of such a particle is shown in F igure  1. 
Mieelles are also found uni formly  dispersed over the 
collodion film between the larger  particles. These 
mieelles appea r  rodlike in m a n y  instances al though 
close inspection suggests tha t  this may  sometimes be 
caused by l inear aggregation of " s p h e r i c a l "  micelles. 

Within the agglomerates the micelles form small col- 
loid crystalline regions. The spacing between centers 
along the rows of mieelles is variable. The closest, 
clearly measurable,  average spacing between centers 
is about 67 3* although closer packing is indicated in 
other rows where the separate  micelles are not clearly 
resolved. The individual  micelles have: apparen t  di- 
ameters  averaging' about 50 A. A spherical micelle 
of this diameter  could contain about 60 molecules. 

i 

I 
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FIG. 3. A region in the same oil as shown in figure 2. 
17,500X. 

FIG. 2. Calcium eetyl phosphate + sulfurized calcium alkyl 
phenate in naphthel~ie oil (A).  150,000X. 

F igure  2 i l lustrates the: typical  appearance  of oil 
(A) originally containing a mixture  of 8 x 10 -a moies 
of sulfurized calcium alkyl phenate  and 5 x 10 -3 moles 
of ealeimn cetyl phosphate per  ki logram of solution. 
This solution is optically clear and appa ren t ly  per- 
fect ly  stable on prolonged standing. The small par-  
ticles shown occur in such numbers, and they are so 
un i formly  dis tr ibuted over the Par lodion film as to 
leave little doubt  that  they are detergent  micelles or 
small l inear aggregates of micelles. I t  is believed that  
these micelles contain a mixture  of the two deter- 
gents. The micelles appear  to be characterist ically 
rodlike with apparen t  diameters  between 40 3* and 
70 ~. The most common diameter  appears  to be 
about 50 3*. The lengths are variable, ranging  up to 
over 300 3*. Many of these micelles however appear  
to be roughly  spherical in shape. These micelles ap- 

Fie. 4. Enlarged view of a portion of the region shown in 
figure 3. 62,000X. 

Figures  3 and 4 show, at lower magnifications, an 
unusual  area on a different specimen screen of the 
same oil solution shown in F igure  2, where the 
mieelle concentrat ion is considerably higher than  
elsewhere on the screen. The shape of this area is 
reminiscent of the: characteristic spindle shape of 
tactoids. The rodlike micelles are seen in paral lel  
a l ignment  in rows containing up  to 10 mieelles with 
a near ly  uni form spacing of 80 3. to 90 3. between 
centers. The individual  micelles appear  to be 40 3, 
to 50 3* in diameter.  
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FIG. 5. P~racrystal  found in a calcium cetyl phosphate + 
sulfurized calcium alkyl phenate dispersion ill naphthenic 
oil (A) .  62,00t)X. 

f requent ly  branched. These particles often appear  to 
be quite flat on the Par lodion film and seem to be 
gelatinous in nature.  When  thin, the particles in- 
var iably  give the impression of having internal ly 
fine s t ructure  in electron micrographs.  Several slide 
prepara t ions  and " t h r o u g h - f o c u s "  exposures estab- 
lished the real i ty of this internal  structure.  F igure  
7 shows a port ion of one of the large particles of the 
soap precipitate.  The precipi ta te  is seen to contain 
numbers  of small particles appa ren t ly  nearly isodi- 
mensional and uni form in size. The average diameter  
of the part icles appears  to be about 40 ~.  These 
particles are believed to be lead oleate mieelles. The 
average mieelle appears  to contain about  35 mole- 
cules. No crystalline order can be seen, but a dis- 
t inct tendency for  the micelles to form short chains 
appears  to exist. The particles usually appear  to be 
separated by spacings of 20 A to 40 h.  Oil is prob- 
ably associated with the mieelles in the agglomerate 
shown. These mieelles may  also be present  in mod- 
erate numbers  on the Parlodion fihn outside the ag- 
glomerate, but  low contrast  and the lack of a dis- 
tinctive shape for  the micelles preclude a definite 
decision on this point. 

FIG. 6. Another extm~ple of the paracryst~l]ine form shown 
in figure 5. 62,000X. 

F igures  5 and 6 show examples of what  appears  to 
be a paraerystal l ine fo rm of these paraffin chain 
salts present  to a small but significant extent in other 
prepara t ions  of the oil described above. The calcium 
cetyl phosphate and the sulfurized calcium alkyl 
phenate were prepara t ions  different f rom those used 
in the oil shown in F igures  2, 3, and 4. The long 
fibers composing the paracrys ta l  have approximate ly  
the same diameter (,--50' ~_) as the rodlike micelles. 

i 

The spacing between fibers in F igure  5 appears  to be 
about 80 A while in F igure  6 spacings range f rom 80 
A to more than  100 A. In  all cases the fibers appear  
to be fa i r ly  stiff. 

F igure  7 is an electron micrograph of a lead oleate 
suspension in medicinal white oil (B).  The lead ole- 
ate was originally dissolved in the oil at 100°C. at a 
concentration of 3.5 x 10 -2 moles per  kilogram. On 
cooling, separat ion of the soap occurred to give a 
turbid  suspension of gelatinous particles. When  this 
suspension is examined under  the electron micro- 
scope, the lead oleate precipi tate  is found to consist 
of large elongated particles, indistinct in outline, and 

Discussion 

At least two types of mieelles, " s p h e r i c a l "  and 
rodlike, appear  in electron mierographs of oil dis- 
persions of detergents and soaps. The exact shape 
of the " s p h e r i c a l "  mieelles cannot be determined 
with the electron microscope because of the extremely 
small size of these particles. I t  is reasonable to 
suppose however that  such micelles are either com. 
pact " s p h e r e s "  of the inverted Har t l ey  type (with 
the polar heads of the molecules in the interior) or 
small disks or plates consisting of double layer  plate- 
lets with polar heads together. Platelike mieetles of 
roughly spherical  shape have been assumed in aque- 
ous solutions by  Philippoff (13) and Dervichian (2) 
and more recently by Hark ins  (6). Van der Waardeu  
(18) has recently assumed a platelike micelle form for 
metal  naphtha  sulfonates in hydrocarbons and min- 
eral oils. On this assumption however the axial ra- 
tios calculated f rom viscosity da ta  ranged f rom about 
1/5 to 1/50. The micelles observed in the electron 
micrographs presented here do not appear  to fit this 
description. 

The rodlike micelles observed may  correspond to 
the Lawrence or threadlike mieelle (8),  or they may  
be small l inear  aggregates of " s p h e r i c a l "  micelles. In  
some instances, at least, these rods appear  to be two 
molecular lengths in diameter  and are of variable 
length. 

Aggregat ion of both the " s p h e r i c a l "  and the rod- 
like mieelles to form colloid crystalline forms is indi- 
cated. The rodlike mieelles occasionally appear  to 
form paraerys ta ls  of long fibers. In  these cases a 
definite fa i r ly  un i form spacing of f rom 80 A to 100 A 
appears  to be maintained between centers of parallel  
rods or fibers. This apparen t ly  corresponds to a spac- 
ing of f rom 30 A to 50 A between particles. 

Rees (15) in a development of an earlier suggestion 
of Usher (17) has recently shown that,  in colloidal 
suspensions of spherical particles in which there is an 
appreciable  potential  energy max imum for the inter- 
action of two particles (a " s t a b l e "  suspension),  slow 
aggregat ion of the spheres can result  in the forma- 
tion of l inear  aggregates preferent ial ly .  If ,  in addi- 
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:FIG. 7. Gelatinous precipitate of lead oleate in medicinal 
white oil (B). 150,000X. 

tion, long-range a t t ract ive  forces exist, the potential  
minimum thus arising is deeper parallel  to the l inear 
aggregate than  at  the ends. This would Iead to a 
loose lateral  association of the linear aggregates. Be- 
havior of this type could apparen t ly  account for 
most of the phenomena observed in the electron 
micrographs presented in this pape r  if  the rodlike 
micelles are assumed to be linear aggregates of 
spherical mieelles. 

Long- range  at t ract ive and shor t - range  repulsive 
forces may  exist in hydrocarbon solutions of deter- 
gents and soaps. I t  is difficult to believe however tha t  
such forces could arise f rom an electrokinetie poten- 
tial in view of the extremely low electrical conduc- 
t ivi ty o f  such solutions. (The specific conductance of 
such oil solutions is of the order of 10 -1° mho/cm,  at  
100°C.) The possible effects of electron bombardment  
in the electron microscope create some doubt however. 

An obvious al ternat ive explanation for the appar -  
ent short-range repulsion is tha t  the micelles are sol- 
r a ted  with oil. The layer  of bound oil increases the 
effective particle radi  by up to 25 A. Such solvated 
micelles might  be stabilized against  aggregat ion in 
much the same manner  as if an e]ectrokinetie poten- 
tial were present.  

Fur the r  evidence is clearly necessary to permit  a 
definite explanation of the spacings evident in the 
electron micrographs presented. 

The  l imitations of the electron microscope are well 
known. The specimens viewed are always in vacuum 
and at a poorly defined temperature .  The electron 

bombardment  to which a specimen must  be subjected 
introduces addit ional  uncer ta inty.  Surface- tens ion 
effects dur ing the evaporat ion of the solvent may  
markedly  alter the appearance  of the specimen. 
Making due allowance for such complicating fac- 
tors, it appears  tha t  the electron microscope is 
capable of yielding useful informat ion about colloidal 
solutions of detergents in oil. 

Summary 
1. Electron mierographs  of certain detergent  and 

soap mieelles presumably  existing in oil solution are 
presented. 

2. Both " s p h e r i c a l "  and rodlike micelles appear  
to exist in oil. These mieelles are apparen t ly  two 
molecular lengths in diameter. The rodlike mieelles 
are of variable length, ranging up to over 300 N. I t  
seems likely that  in some instances these rods are 
small l inear aggregates of " s p h e r i c a l "  mieelles. 

3. Association of rodlike mieelles to form para-  
crystalline sheaves of long fibers is indicated. These 
s t ructures  apparen t ly  mainta in  fa i r ly  uni form spac- 
ings of f rom 80 A to 100 A_ between centers of the 
rods or fibers al though the mieelles appear  to be only 
about 50 3~ in diameter.  

4. Aggregat ion of spherical mieelles to form small 
colloid crystalline regions in large agglomerates is 
demonstrated.  
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Direct Determination of Saturated Fatty Acids in Fats, 
Oils, and Methyl Esters I 
D. F. KUEMMEL, The Procter and Gamble Company, Miami Valley Laboratories, Cincinnati, Ohio 

T~OUOH much has been published in recent years  
on the determinat ion of polyunsatura ted  acids 
in fats  and oils, there has been relat ively little 

work done to improve or develop procedures for the 
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determinat ion of the sa tura ted  acids present. In  1925 
Ber t r am described one of the first a t tempts  to deter- 
mine saturated acids direct ly (1). This method, which 
has become known as the Be r t r am Oxidation Method 
(4), involves the oxidation of the unsa tura ted  link- 
ages with permanganate ,  followed by a tedious pre- 


