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T I I E  physico-chemical  and phase b e h a v i o r  of 
sodium soaps in organic solvents has been in- 
vest igated to some extent  (7-10) ,  and several 

physical proper t ies  of soap gels in pinene have also 
been repor ted (2-6). The systems of alkali soaps in 
toluene and Nujol  are repor ted to gelate fas ter  than 
those in xylene and pinene (1).  An a t t empt  is made 
in the present  investigation to determine the effect 
of soap and solvent molecules on some physical-chemi- 
cal propert ies  of the result ing gels. 

Materials Used and Experimental Technique 
The sodium p a l m i t a t e  and sodium oleate were 

products  of the Brit ish Drug Houses and had melt- 
ing points of 270~ and 232~ respectively. The 
sodium stearate  was a pure  product  of E. Merck and 
had a mel t ing point  of 260~ 

n-Amyl,  buty l  (n- and iso-), and propyl  (n- and 
iso-) alcohols, and  anisole were products  of E. D. 
Haen ;  toluene, xylene, chlorobenzene, bromobenzene, 
o-cresol, and glycerol of the Brit ish Drug  ]Iouses;  
phenol and p-chlorotoluene of E. Merck; benzyl alco- 
hol of van Ameringen I laeb le r  Inc., cymene of Dr. 
T. Schuchard t ' s  laborator ies;  and pinene of E. Kodak 
and Company.  All these solvents were used without  
fu r the r  purification other than dry ing  and storing 
over anhydrous  calcium sulfate. 

Gel-forming solutions were p repared  in Pyrex  glass 
tubes (2r = 1.45 cm.) by  dissolving a known amount  
of a soap in 10 ml. of an organic solvent at a tem- 
pera ture  nearabout  the boiling point of the latter.  
An air  condenser was at tached to prevent  evapora- 
tion of the solvent, and the system was st i rred con- 
stantly. When the soap had  dissolved completely, the 
test tubes were placed in a thermostat  mainta ined at  
30~ 

The procedural  details employed in measur ing the 
setting time (6),  syneresis (5),  and gel-strength (4),  
were the same as those used in earlier investigations. 
The sett ing time was measured at 30~ by deter- 
mining the time which the gel-forming system took 
to reach a consistency when it did not flow out of 
the container when it was inverted. The extent of 
syneresis was determined two hours af ter  the sys- 
tems had set to the gel state at 30~ The test tubes 
were weighed before and af ter  the removal  of the 
syncretic liquid with small rolls of filter paper,  and 
the difference in weights was taken as a measure of 
the exuded synereticum. In  making g e l - s t r e n g t h  
measurements,  smal l  weighing bottles (2r ~ -  2.4 cm.) 
and a fiat disc-shaped plunger  (2r = 0.8 era.) were 
used. The plunger  was at tached to the bot tom of the 
pan of a balance and was placed gently in contact 
with the top of the gel; weights were slowly added 
to the pan  and the corresponding deflections on the 

* P r e s e n t  addres s :  Division of Surface ChemistlT, National Bureau 
of Standards,  Washington,  D. C. 

** P r e s e n t  addres s :  Research Department,  Plastics Division, l~on- 
santo Chemical Company, Springfield, Mass .  
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scale as indicated by  the I)ointer were noted. The 
load necessary to produce a shif t  of 10 scale divisions 
was determined in each ease. The, temperature ,  time 
interval,  and other factors were chosen a rb i t ra r i ly  
since the main purpose of this investigation is to 
determine the na ture  of changes brought  about  in 
the physical proper t ies  of gels with changes in soap 
and solvent types ra ther  than- to  obtain " a b s o l u t e "  
values for the same. 

The various results of measurements  on the set- 
ting time, syneresis, and gel-strength arc presented 
in Tables I and II.  More data along these lines could 
not be obtained, first because soap gels of a given 
composition are not  formed always in solvents of 
different chemical character,  and secondly because 
of difficulty in procur ing  a larger  number  of solvents 
belonging to the same homologous series. 

Many of the soap-solvent systems, when freshly 
prepared,  are present  as jellies but  quickly go over 
to the gel state when syneresis sets in. tIenee, the 
broad gene,'al t e rm " g e l "  has been used throughout  
in this paper  inasmuch as all the systems might  not 
have been jellies when the various measurements  were 
made. 

Results and Their Discussion 
I t  will be seen f rom Tables I and II that  the values 

of setting time, syneresis, and gel-strength differ con- 
siderably f rom one another  for  gels of different soaps 
dispersed in the same solvent as also for  gels of the 
same soap d i s p e r s e d  in different solvents. Prasad  
et al. (7) find that  the tendency of the alkali soaps to 
form gel-like mater ia l  increases with an increase in 
the molar  polarizat ion of the solvents belonging to 
a homologous series. I t  was considered i n t e r e s t i n g  
therefore to determine if the physical propert ies  of 
the gels invest igated here are in any rammer related. 
to the molar polarization or some similar constitutive 
proper ty  of the solvent molecules. 

I t  will be seen f rom Table i that  for gels in tolu- 
ene and xylene, an increase in molar polarization or 
molar volmne is accompanied by an increase in the 
setting time and extent  of syneresis, and a decrease 
in the gel-strength. The gels in the various alcohols 
do not synerise to any appreciable  extent. ]towever, 
with an increase in the molar polarization of the nor- 
real alcohols, there is an increase in the setting time 
and a decrease in gel-strength. For  gels in anisole 
and phenetole an increase in the molar volume is ac- 
companied by  an increase in the sett ing time and 
the extent of syneresis and a decrease in gel-strength. 
Although it is p resumptuous  to make a broad gen- 
eralization on the basis of these l imited data, i t  is 
nevertheless interest ing to note that  an increase in 
the molar polarization of solvents belonging to dif- 
ferent  homologous series indicates, almost always, an 
increase in the set t ing time and extent of syneresis 
and a decrease in the s t rength of the result ing gels. 
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TABLE I 

Effec t  of Solven~ Molecules  on the  Phys i ca l -Chemica l  P r o p e r t i e s  of Gels 
( C o n c e n t r a t i o n  of soap  = 7.8 g. pe r  l i t e r  of so lvent )  

365 

Solvent  
(" e--I ~ V 

_ _  ~y+2.,__ 

~-~olar 
po la rzn .  Molar  

Toluene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 33.8  
Xyleno . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 38 .4  
Cymeno . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49.1 
P in (me  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 .4  

Chlorobonzcne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bromobenzene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p-Chlorotoluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

) n-I  ropyl alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i -Propyl  alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n -Bu ty l  alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i -Buty l  alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-AmyI alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

60 .7  
62 .3  

64 .9  
65.1 
77 .7  
76 .5  
89 .9  

6:}.5 
70.9  
80 .9  

Sod ium oleato gel Sod ium s t ea ra t e  gel 

vo lume  S e t t i n g  Gel- S e t t i n g  Gel- 
t ime  Syneres i s  s t r e n g t h  t ime  Syneres i s  s t r e n g t h  

106 .2  
122 .5  
152 .1  
158 .6  

101 .7  
104 .7  
118 .3  

74 .7  
76.2  
91 .6  
91 .7  

108 .1  

108 .2  
1 2 6 . 4  

103 .2  
73.1  

102 .9  

0 '  2 0 "  
1' 20"  
4 '  06"  
1' 4 0 "  

2 '  55"  
3 '  11"  
1' 10"  

8 '  33"  
6 '  10"  

18 '  15"  
6 '  55"  

9 '  15"  
2 '  0 5 "  

1 .38 g. 
3 .67  
0 .10  
1 .81 

2 .98  
3 .67  
2 .78  

1 .17 
6 .44  

6 
4 
6 

16 

1.2 
1.1 
'2.5 

17 
24  

4 
9 

2 
0 .4  

1 '  0 3 "  
�9 r 4 8 "  
1' 12"  

2 '  55"  
0 '  4 5 "  

2 .27  g. 

0 .83  

6 '  55"  
20 '  35"  

6 '  4 0 "  

"L07 
0 .07  

2 ' 3 0 "  . . _ _  , ..... 

] 0' 4 4 "  ...... 
3 '  10"  . ..... 

18 '  50"  . ..... 

1'  4 5 "  1 .16 
Anisolo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Phonotolo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

o-C, resol(;iv~m.M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - "  

   z r lcohol . . . . . . .  : : : :  . . . . . . . . . .  : : : : : : : : : : : : :  . . . . . . . .  : : '  

7 
24 

4 

175  

125  
6O 

100  

25 
300  

85 

When a hot gel-forming solution of a sodium soap 
in an organic solvent is allowed to cool and gclate, 
the soap separates out of solution on account of its 
decreasing solubility at lower temperatures. The rate 
of cooling determines largely both the number and 
the size of these soap particles formed during initial 
cooling. Subsequent cooling results in the separation 
of more soap particles as also in the aggregation of 
the initially-formed primary colloidal particles into 
secondary aggregates. These, in their turn, link to- 
gether by secondary valence forces to form fibrils. 
At about this stage solvation of the soap also takes 
place and the "free"  dispersion medium is almost 
entirely enmeshed in the network of soap aggregates. 
The system thickens and sets to a jelly or crystallizes 
to a gel. X-ray investigations ( ] l )  show that gel- 
formation does not affect the structure of the soap 
crystallites and is therefore probably a surface phe- 
nomenon or an arrangement of the gross particles 
with respect to each other leaving the fine structure 
of the particles essentially unchanged. These studies 
also reveal that the intensity and width of the long 
and short s p a c i n g  l i n e s  for the soap and of the 
"ha lo"  for the oil are dependent upon a) the mo- 
lecular weight of the soap in a homologous series 
(cationic or anionic) ,  and b) the constitutive nature 
of the solvent. 

The arrangement of molecules of alkali soaps and 
organic solvents in a g e l - f o r m i n g  solution would 
essentially be with the former tending to stick their 
h y d r o c a r b o n  tails towards layers of the latter. If 
the solvent molecules arc very polar, the extent of 
o r i e n t a t i o n  of the soap molecules would be large 
enough to retard the formation of secondary and 

t e r t ia ry  aggregates, and the setting time would con- 
sequently be lengthened. The high polari ty of the 
solvent molecules wouht continue to distort  the posi- 
tions of the soap particles and readjust  the arrange- 
ment of the s t ructural  units even af ter  the system 
has set to a jelly. The system would consequently 
shrink (crumple down in some extreme cases) and 
exude syncretic liquid. 

[t is interesting to note that  this mode of reasoning 
is applicable to data for soap gels in certain other 
groups of solvents. For example, with sodium oleate 
gels in chlorobenzene and bromobenzene, increased 
polari ty seems to result in an increase in the setting 
time and extent of synercsis and a decrease in the 
gel-strength. ]towever, for gels in ehlorobenzene and 
p-chlorotoluene, an increase in molar vohmle is accom- 
panied hy a decrease in setting time and syneresis 
and an increase in gel-strength. A different type of 
behavior is found with gels in toluene and p-chloro- 
toluene: with an increase in molar volume there is 
an increase in setting time and syneresis, but  the 
gel-strength increases slightly instead of decreasing. 
This is evidently due to certain other factors, per- 
taining probably to the constitutive nature  of the 
soap-solvent systems, being responsible in determin- 
ing the physical-chemical properties of gels in o f  
ganic solvents. 

The manner in which the setting time, syneresis, 
and gel-strength of gels in a given solvent are modi- 
fied by using different soaps as the disperse phase 
is shown in Table If. With a few exceptions both 
tile setting time and the extent of syneresis of gels 
in various solvents decrease in the order 

NaOI > NaStr  > NaP, 

T A B L E  II 

Effec t  of Soap Mole~mles on the  Phys ica l -Ohemlca l  P r o p e r t i e s  of Ge, ls  
( C o n c e n t r a t i o n  of soap = 2.8 g. pe r  l i t e r  of sol , ,ent)  

Solvent  I Se t t i ng  t ime  ._. Syneres ia  (g . )  I Ge l - s t reng th  

I NaO1 NaO1 I N a S t r  N a P  [ NaO1 N a S t r  N a P  

Cymene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 '  10" 
P i n e n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 9 '  12"  
Xy lene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3'  55"  

B r o m o b e n z e n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 6 '  15" 
p-Chloro to luene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4'  25"  

o-Cresol . . . . . . . . . . . . . . . . . . . . . .  
Glycerol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Phene to l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 2 '  50"  

NaSt . r  [ N a P  

6 '  55"  I 6 ' 2 5 "  
8 '  58"  1' 30"  
3 ' 3 8 "  I 1 ' 0 5 "  

45j 55"  3 '  05"  
19"  2 '  10"  

8' 0 8 "  6 '  4 5 "  
27 '  03"  4 0 '  4 0 "  

2 '  4 5 "  1 '  4 5 "  

NaO1 __1 NaStr 
0 . 1 4  0 .10  
2 .19  1 .97 
4.48_ 3 .98  

1 

5 9 9  4 . 4 2  s 9 4  
3.14 , 2.9o 0.05 

i : ~  1 5  ~ 4  7 3  8 
3 . 6 4  3.3 3.6 4 

8 . 9 4  0.6 0.6 0.7 
0 .05  0.7 6.8 1 
8 . 9 4  I 

_ _  _ _ _ _  0 .05  

4.2 
5.5 
1.2 
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whereas the gel-strength increases in the order 

NaO1 < NaSt r  < NaP. 

Summary 
1. The setting time, syneresis, and gel-strength of 

gels of sodium palmitate, sodium stearatc, and sodium 
oleate in toluene, xylene, cymenc, pinene, chloroben- 
zene, bromobenzcne, p-chlorotoluene, n-anlyl, n- and 
i-butyl, n- and i-propyl, and benzyl alcohols, o-cresol, 
glycerol, anisole, and phenetole, have been measured. 

2. F o r  gels in any given solwmt tile settiug t ime 
and extent  of syneresis decrease with different soaps 
in the order, NaO1 > NaStr  2> NaP, and the gel- 
strength increases in the order, NaO1 < NaStr  < 
NaP. For  solvents belonging to a homologous series 
the setting time and extent  of syneresis of soap gels 
increase and tile gel-strengtli decreases as the series 
is ascended. 

3. An explanation for this behavior is offered in 
terms of the constitutive propertics of the solvent 
molecules. 
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Reactions of Fatty Materials With Oxygen. 
Determination of Functional Groups 

I V .  1 Quantitative 

H. B. KNIGHT and DANIEL SWERN, Eastern Regional Research Laboratory, ~ 
Philadelphia 18, Pennsylvania 

A L T I t O U G I I  it is generally agreed that  the con- 
vcntional analytical procedures for the quanti- 
tative determination of fmIctional groups are 

unreliable when applied to unfract ionated oxidation 
reaction mixtures (4, 6, 9, 24, 25), the basis for such 
a broad generalization is not readily a s c e r t a i n e d  
from the l i terature.  Except  in a few isolated eases 
the magnitude of the errors has not been reported, 
nor has any systematic a t tempt  been made to dem- 
onstrate which analytical methods are r c l i a b l c  and 
which are not. In s tudying the mechanisms of the 
reaction of f a t ty  materials with oxygen, it is essen- 
tial to determine accurately tile distribution of ab- 
sorbed oxygen among the various types of oxygen- 
containing groups known to be present, and it is also 
essential that  the sum of the percentages of oxygen 
d e t e r m i n e d  analytically on tile mixture  equals the 
known oxygen content of thc material determined by  
combustion analysis. As will be shown latcr, in cer- 
tain types of mixtures the sum of the percentages of 
oxygen determined by  conventional techniques con- 
siderably exceeds the known oxygen content. 

In a previous p u b l i c a t i o n  (20) we described a 
procedure for the determination of oxirane oxygen 

and indicated which functional  groups in oxidation 
mixtures would interfere. The present investigation 
had three objectives: a) To prepare  pure compounds 
c o n t a i n i n g  one or, at most, two functional groups 
encountered in oxidation reaction mixtures and to 

1 The previous papers in this series a re  references 20, 22. and 2:1. 
2 Presented at  the meeting of the American Oil Chemists' Society, New 

York City, November 15-17, 1948. 
aOno of the laboratories of tho Bureau of Agricultural and Industrial  

Chemistry, Agricultural Research Administration, U. S. Department  of 
Agriculture. 

analyze each of these compounds by tile conventional 
techniques employed in s tudying oxidation rcactions 
(acid munber,  saponification number, iodine mlmber, 
oxirane oxygen, hydroxyl  oxygen, carbonyl oxygen, 
and peroxide oxygen).  In  this way the magnitude of 
the interference (if any)  of each functional group 
on each of the analytical methods could be readily 
determined, b) To prepare  synthetic mixtures of 
known composition fronl these pure compounds and 
re-analyze the mixtures to determine the combined 
effect of 11unmrous functional  groups on the ana- 
lytical techniques, c) When possible, to modify and 
imI)rove those analytical procedures found to be in 
error, thus permit t ing a more accurate accounting 
of the total oxygen content. I t  is a sad conmlentary 
on research in this field that  in more than 100 years 
of intensive study, resulting in nmnerous publica- 
tions, a systematic investigation of this type has not 
been previously published. 

Experimental 
(All distillations were conducted in an atmosphere 

of nitrogen.) 
Preparation of P~lre Materials. Methyl olcate, b.p. 

181-2~ ram. and n~ ~ 1.4485, was prepared by 
fractional crystallization of olive oil fa t ty  acids, fol- 
lowed by esterification with methanol and fractional 
distillation (1, 21, 27). 9,10-Epoxystearic acid, m.p. 
59.6-59.8 ~ was prepared from pure oleic acid by  
epoxidation with peracetic acid (5). 9,10-Dihydroxy- 
stcaric acid, m.p. 95 ~ was prepared from oleic acid 
by hydroxylat ion with hydrogen peroxide in acetic 
acid solution (19). Methyl ricinoleate, b.p. 187~ 
ram. and n D3~ 1.4592, was prepared by. fractional dis- 
tillation of the methyl esters obtained by  methanoly- 
sis of castor oil (11). Oleyl alcohol, m.p. 7-8 ~ b.p. 
188-90~ mm. and n] ~ 1.4540, was prepared from 


