
The Behavior of Soaps of Various Oils on 
Dilution 

Castor Oil Soaps Exhib i t  Marke td  
Resistance to Hydrolys is  wi th  Wate r  

By H. B. STOCKS 

I 
N a paper read before the So- 

ciety of Public Analysts,  Lon- 
don, and published in the 

"Analys t"  December, 1923, page 
590, the author proposed a new test  
for  castor oil, and the detection of 
any other oil which might  have 
been added for  the purpose of 
adulterat ion.  This test  is based on 
the observations made when soaps 
were diluted with water.  

I t  is a well known fact  tha t  when 
even neutral  soaps are dissolved in 
water,  hydroIysis takes place and 
free alkali is formed. This was 
first discovered by Chevreul and 
has been confirmed by numerous 
observers. Chevreul found tha t  
when neutral  sodium and potas- 
sium salts of s tearic and palmitic 
acids were dissolved in large 
volumes of hot water,  on cooling 
crystals  separated having the com- 
position of acid salts, i.e., half  the 
sodium or potassium in the salts 
was replaced by the equivalent of 
hydrogen, the salts being repre- 
sented by the formulae Na.H.R 2. 

Soap Solutions Unstable  

The products of the ionization 
of o rd inary  salts in solution, for  in- 
stance NaC1, Na2S04, etc., do not 
give a pink color with phenol- 
phthalein. In both these cases a 
s trong base is combined with a 
strong acid. The same may be 
said of the salts of many organic 
acids, including the lower members 
of the sa tura ted  fa t ty  acid s e r i e s - -  
acetic, butyric,  e tc . --which,  in solu- 
tion in water,  can be t i t r a ted  to 

neut ra l i ty  and est imated with 
phenol-phthalein as indicator.  B u t  
with the soaps the problem is an 
entirely different one. The higher  
fa t ty  acids are insoluble in water,  
and although they form neutral  
salts or soaps with alkalies, these 
are hydrolyzed more or less accord- 
ing to the amount of dilution, i.e., 
they separate into two phases, one 
of which is acid and the other 
correspondingly alkaline. A hot 
solution may be, and generally is, 
quite clear, but add i t i on  of phenol- 
phthalein shows tha t  free alkali i s  
present, the acid soap being too 
weak t o  exert  the opposite effect on 
the indicator  to any marked extent. 
On cooling the solutions usually be- 
come turb id  and a suspension of 
the acid phase in an alkaline medi- 
um is the result.  In the case of 
pure acids of high melting point, 
i.e., palmitic, stearic, etc., the acid 
phase separates in the form of fine 
crystals having a sat iny lustre 
which remain suspended in the 
liquid, but which can readily be 
separated by filtration, the Clear 
filtrate being strongly alkaline, con- 
ta ining half  the total alkali, and 
practically free from soap. 

With ordinary commercial soaps 
this separat ion is not so clearly 
marked, and i t  is impossible to 
separate, except incompletely, the 
two phases, but there is reason to 
believe that  in these cases the  
change is substant ia l ly  the same. 

The pink color which develops on 
addition of phenol-phthalein to 
solutions of most soaps deepens as 
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dilut ion is increased,  but  the w r i t e r  
found tha t  wi th  cas tor  oil soaps 
only a f a in t  pink color was pro- 
duced which did not  deepen appre-  
c iably  on dilution.  On t i t r a t i n g  
these  f o r m e r  solutions wi th  s tand- 
ard  acid i t  was found tha t  the 
hydrolysis  alkali increased up to a 
m a x i m u m  at  a ce r ta in  dilution,  
(i.e. p a r t  of  soap in about  150 par t s  
of  w a t e r ) ,  f u r t h e r  di lut ion caus- 
ing l i t t le  or no change.  The t i t r a -  
t ions are  not  en t i re ly  per fec t  since 
a f a i n t  pink color usually reappears  
showing tha t  equi l ib r ium is only 
momenta ry ,  but  on increas ing  the 
d i lu t ion beyond tha t  above men- 

t ioned the  end point  is more  dis- 
t inct ,  a f a in t  pink color reappear -  
ing in some cases only a f t e r  an 
appreciable in te rva l  of t ime.  Wi th  
most  of the soaps examined  by 
the  w r i t e r  the  hydrolys is  alkali  
amounted  approx imate ly  to 50% of 
the total,  but  cas tor  oil soap fo rmed  
a marked  exception, the  hydrolys is  
alkali  in th is  case a m o u n t i n g  to 
not  more  than 5% of the total.  

The  fol lowing results ,  g iven  in 
the or ig inal  paper,  will  i l lus t ra te  
the behavior  of  var ious  soaps wi th  
th is  tes t  : - -1  g r a m  of soap dissolved 
in wa te r  and made up to 320 cc. fo r  
t i t ra t ion .  

Per cent 
Free Na~O Total Na20 of total 

found found A X 100 
Soap A B B 

Stearic acid . . . . . . . . . . . . . . . .  0.056 0.111 50.5 
Palmitic acid . . . . . . . . . . . . . . .  0.057 0.119 48.0 (1 part  in 160) 
Oleic acid . . . . . . . . . . . . . . . . . .  0.049 0.103 47.5 
Yellow bar soap . . . . . . . . . . . .  0.037 0.082 45.1 
Olive oil soap . . . . . . . . . . . . . .  0.043 0.083 52.3 
Castor oil fa t ty  acids . . . . . . .  0.004 0.093 4.3 

The first  t h ree  were  made by 
dissolving the  pure  acids in the  
calculated quan t i t i e s  of sodium 
hydroxide  solution, the first  two 
contained s l ight ly  more  than  1 
g r a m  of soap, but  th is  in no way  
affects the  exper iments .  

More recent ly  the soaps of sev- 
era l  o ther  f a t t y  acids have been 
examined,  but, in order  to s impl i fy  
mat te r s ,  ins tead of 1 g r a m  of the 
salt  or soap, 1 g r a m  of the f a t t y  

acid was taken, dissolved in alcohol, 
neut ra l ized  wi th  sodium laydroxide 
solution to phenol-phthale in  and the 
l iquid evapora ted  to dryness.  The 
salt  or soap was dissolved in boiled 
dist i l led water ,  di luted to 350 cc .  
and then t i t r a t ed  wi th  N / 1 0  hydro-  
chloric acid unt i l  neu t ra l  to phenol- 
phthalein ,  then  in presence of  me-  
thyl  orange to complete neu t ra l i ty .  

The  fol lowing resul ts  were  ob- 
ta ined : 

Free Na20 
found 

Salt of soap A 
Acetic . . . . . . . . . . . . . . . . . . . . .  X 0.00329 
Butyric . . . . . . . . . . . . . . . . . . . .  X 0.00282 
Caproic (normal) . . . . . . . . . .  X 0.00187 
Laurie . . . . . . . . . . . . . . . . . . . . . .  0.006 
Myristic . . . . . . . . . . . . . . . . . . . . .  0.0713 
Arachidic . . . . . . . . . . . . . . . . . . .  0.0536 
Erucic . . . . . . . . . . . . . . . . . . . . . .  0.0468 

X Color change with methyl orange gradual, not sharp. 
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Total Na~O 
found Per cent 

B of total 
0.5128 0.64 
0.3444 0.82 
0.2529 0.74 
0.1488 0.40 
0.1360 52.40 
0.0992 54.00 
0.0942 49.70 



A Tes t  fo r  Cas tor  Oi l  

I t  wil l  be seen t ha t  t he re  is no 
apprec iab le  hydro lys i s  in solu t ions  
of  sod ium sa l t s  of the  f a t t y  acids,  
up to, and  inc luding  laur ic  acid,  bu t  
a f t e r  t h i s  t he re  is a complete  break ,  
the  hydro lys i s  a lkal i  in t h e  soap of  
m y r i s t i c  acid  and all h i g h e r  acids  
amoun t ing  to a p p r o x i m a t e l y  50% 
of  the  total .  Rosin  acids  behave  
s imi lg r ly  to f a t t y  acids  as shown 
in t h e  tab le  g iven  below. 

Brief ly  the  t e s t  sugges t ed  for  
d i s t i n g u i s h i n g  cas to r  oil f rom 
o the r  oils and de tec t ing  adu l t e r a -  
t ion  i s  a s  fo l lows:  5 g r a m s  of  the  
a i !  a r e  saponif ied by  hea t i ng  wi th  
~li~ht excess of aloholic caus t ic  pot-  
ash  solut ion,  under  a reflux conden- 
ser,  pheno l -ph tha le in  is added,  the  
l iquid  exac t ly  neu t ra l i zed  wi th  
hydroch lor ic  acid, and  the alcohol 
evapora t ed  off. W a t e r  is now 
added  to the  res idue,  and  when 
so lu t ion  is comple te  the  l iquid  is 
cooled, made  up to 100 cc., 10 
cc. ( - - 0 . 5  ~'ram of oil) taken,  
d i lu ted  to 250 cc. w i th  boiled dis-  
til:led water ,  and  t i t r a t e d  wi th  deci- 
no rma l  hydroch lor ic  acid, f i rs t  in 
presence  of  pheno l -ph tha le in  and 

con t inu ing  a f t e r  add i t i on  of methyl  
orange.  W i t h  cas to r  oil only about  
0.5 to 0.8 cc. of  dec inormal  a c i d  
was r equ i r ed  in the  f irst  t i t r a t i o n  
whereas  most  o the r  f a t s  and  oils 
r equ i r ed  8 or 9 cc. The re  were,  
however,  a few exceptions,  no tab ly  
bu t t e r ,  coconut, and  pa lm nu t  fa t s ,  
the  resu l t s  in these  cases be ing  
eas i ly  expla inable  when we t a k e  
into account  the  presence of  the  
lower f a t t y  acids  and know t h e i r  
behavior .  S l igh t ly  lower  resu l t s  
were  ob ta ined  w i th  sunflower,  cot- 
ton-seed and l inseed oils which a r e  
not so eas i ly  expla inable  except  on 
the  a s sumpt ion  t ha t  t hey  conta in  
some h y d r o x y l a t e d  f a t t y  acids.  

Since 95% of the  acids  of cas to r  
oil a re  composed of  r ic inole ic  acid, 
a h y d r o x y l a t e d  acid,  i t  is ev ident  
t ha t  the  sa l t  of th i s  f a t t y  acid does 
not  hydrolyze  in solut ion to any  
cons iderable  extent ,  and  the  differ-  
ence in behav ior  be tween th is  soap 
and  o the r  soaps m u s t  be asc r ibed  
to the  presence of  th is  p a r t i c u l a r  
h y d r o x y l a t e d  acid. 

The value of the  method  is shown 
by the  fo l lowing tes t s  on mix tu re s  
of cas to r  oil and  a rach i s  oil :  

O.1NHC1 Free  KHO Arachis oil 
Castor oil Arachis oil required per 100 of calculated 

Par t s  Part.s C.c. Oil par t s  Per  cent 
100 0 0.5 0.56 
90 10 1.4 1.57 "9~9 
80 20 (1) 2,3 (2) 2.3 2.58 19.8 
70 30 (1) 3.2 (2) 3.3 3.58 29.7 
60 40 4.3 4.81 41.7 
50 50 5.0 5.60 49.5 
40 ~0 6.1 6.83 61.5 
30 70 6.95 7.78 70.9 
20 80 7.8 8.73 80.2 
10 90 8.7 9.74 90.1 

0 100 9,6 10.75 . . .  

The  amoun t  of  f r ee  a lkal i  found  
by t i t r a t i on ,  compared  wi th  the  
to ta l  combined alkal i ,  was 3.1% in 
the  case of  cas to r  oil and  56.7% in 

~hat of  the  a rach i s  oil. A number  of  
oils and  f a t s  have been examined  
by th i s  method  wi th  the  fol lowing 
resu l t s  : 
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F r e e  K H O  
A 

C a s t o r  oil, m e d i c i n a l  . . . . . . . . . . .  0.672 
0.784 
0.78 
0.7 
0.7 

C a s t o r  oil, m e d i c i n a l  . . . . . . . . . .  0.896 
0.898 

C a s t o r  oil, m e d i c i n a l  . . . . . . . . .  0.896 
0.896 

C r u d e  c a s t o r  oil . . . . . . . . . . . . .  0.56 
( F r e e  f a t t y  a c i d s  1 . 2 0 % ) . . .  0.56 

0.56 
C a s t o r  oil, b e s t  s e c o n d s  . . . . . . . .  0 .896 

0.896 
C a s t o r  oil, M a d r a s  . . . . . . . . . . . . .  1.34 

1.45 
L i n s e e d  oil . . . . . . . . . . . . . . . . . . .  6.16 

6.27 
C o t t o n s e e d  oil . . . . . . . . . . . . . . . .  8.17 

8.29 
C r u d e  c o t t o n s e e d  oil . . . . . . . .  �9 . . . .  8.96 

D a r k  r ed  . . . . . . . . . . . . . . . . . .  9.18 
( F r e e  f a t t y  a c i d s  3 . 1 % )  . . . . .  8.96 
E n d  p o i n t  diff icul t  . . . . . . . . . . .  8.62 

S u n f l o w e r  oil . . . . . . . . . . . . . . . . .  7.73 
N a p h t h a  e x t r a c t e d  . . . . . . . . . .  8.29 
A l k a l i  r e f i ned  . . . . . . . . . . . . . .  

A r a c h i s  oil . . . . . . . . . . . . . . . . . .  10,64 
10.76 

Ol ive  oil,  m e d i c i n a l  . . . . . . . . . . . .  9.41 
9.52 
9.18 

R a p e  oil ( c r u d e )  . . . . . . . . . . . . . .  8 .96 
8.62 

R a p e  oil ( c r u d e  J a m b o )  . . . . . . . .  8.85 
( F r e e  f a t t y  a c i d s  1 . 0 4 % )  . . . .  8.74 

R a p e  oil ( a d u l t e r a t e d )  . . . . . . . . .  4.14 
4.03 
4.81 

P u r e  s e s a m ~  oil . . . . . . . . . . . . . . .  9.41 
9.41 

Ref ined  s e s a m ~  oil . . . . . . . . . . . .  9.86 
9.86 

C r u d e  s e s a m ~  oil . . . . . . . . . . . . . .  9.41 
( F r e e  f a t t y  a c i d s  2 . 9 % )  . . . . .  9.63 

9.41 
C r u d e  g r o u n d n u t  oil . . . . . . . . . . .  9.52 

( F r e e  f a t t y  a c i d s  0 . 9 9 % )  . . . .  9.63 
10.08 

C r u d e  K a p o k  oil . . . . . . . . . . . . . .  10.2 
( F r e e  f a t t y  a c i d s  5 . 2 % )  . . . . .  10.63 

10.53 
10.64 

P a l m  oil . . . . . .  . . . . . . . . . . . . . .  9.52 
9.63 
9.08 
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T o t a l  K H O  
B 

18.48 
18.59 
17,81 
17.92 
17.92 
18.70 
18.93 
18.70 
18.59 
18.14 
18.14 

18.70 
18.81 
18.25 
18.48 
20.05 
20.05 
20.16 
20.16 
20.16 
20.05 

19.49 
19.49 

19.94 
19.94 
19.82 
19.49 

17.69 
17.70 
17.81 
13.21 
13.33 
13.66 
19.49 
19.49 
19.49 
19.49 
19.49 
19.38 

19.26 

19.26 
20.16 
20.38 
20.61 

19.93 
20.16 

A X 100 
B 

3.6 
4.2 
4.6 
4.4 
4.4 
4.8 
4.7 
4.8 
4.8 
3.1 
3.1 

�9 "41; 

4.8 
7.3 
7.9 

30.8 
31.3 
40.6 
41.1 
44.4 
45.8 
44.4 
43.0 
39.1 
42.5 

;31  
54.0 
47.5 
48.8 

"5"1".o 
48.7 
50.0 
49.0 
31.4 
30.3 
35.2 
48.3 
48.3 
50.6 
49.4 
48.3 
49.8 
48.3 
49.4 
50.0 
52.3 
5O.6 
51.6 
51.1 
51.6 
47.7 
47.7 



F r e e  K H O  
A 

L a r d  . . . . . . . . . . . . . . . . . . . . . . . .  10.53 
10.30 

T a l l o w  . . . . . . . . . . . . . . . . . . . . . . .  9.74 
9.85 

P u r e  P r e m i e r  J u s  . . . . . . . . . . . .  9.86 
T a l l o w  oil . . . . . . . . . . . . . . . . . . .  9.74 

( F r e e  f a t t y  a c i d s  0 . 2 7 % )  . . . .  8.29 
P u r e  B r i t i s h  cod oil  . . . . . . . . . . .  8.29 
P u r e  f i l t e red  . . . . . . . . . . . . . . . . .  8.62 
No.  1, w h a l e  oil . . . . . . . . . . . . . . .  8.62 
P u r e  f i l t e red  . . . . . . . . . . . . . . . . .  8.73 
] e a l  oil . . . . . . . . . . . . . . . . . . . . . . .  8.85 
B u t t e r  f a t  (1)  . . . . . . . . . . . . . . . .  8.29 

8.85 
B u t t e r  f a t  (2)  . . . . . . . . . . . . . . . .  9.30 

9.18 
B u t t e r  f a t  (3)  . . . . . . . . . . . . . . . .  8.40 

8.51 
B u t t e r  f a t  (4)  . . . . . . . . . . . . . . . .  9.40 

9.18 
B u t t e r  f a t  (5)  . . . . . . . . . . . . . . . .  9.52 

9.30 
B u t t e r  f a t  (6)  . . . . . . . . . . . . . . . .  9.40 

9.40 
C o c o n u t  oil . . . . . . . . . . . . . . . . . .  5.15 

( C o m m e r c i a l )  . . . . . . . . . . . . . .  4.93 
C o c h i n  c o c o n u t  oil . . . . . . . . . . . . .  3.92 

( F r e e  f a t t y  a c i d s  1 . 3 0 % )  . . . .  4.03 
F r e n c h  C o c h i n  c o c o n u t  oil . . . . . .  3.92 

( F r e e  f a t t y  a c i d s  1 . 9 7 % )  . . . .  3.92 
C e y l o n  c o c o n u t  oil . . . . . . . . . . . . .  4.59 

( F r e e  f a t t y  a c i d s  4 . 5 7 % )  . . . .  4.37 
P u r e  c o c o n u t  oil . . . . . . . . . . . . . . .  3.81 

( F r e e  f a t t y  a c i d s  1 . 0 0 % )  . . . .  3.70 
3.92 

P a l m  n u t  oil . . . . . . . . . . . . . . . . . .  5.93 
( C o m m e r c i a l )  . . . . . . . . . . . . . . .  5.82 

P a l m  n u t  oil . . . . . . . . . . . . . . . . . .  5.15 
A l k a l i  r e f i ned  . . . . . . . . . . . . . . . . . . . .  

( F r e e  f a t t y  a c i d s  n i l )  . . . . . . . . . . .  
P a l m  n u t  oil . . . . . . . . . . . . . . . . . . .  5.26 

( F r e e  f a t t y  a c i d s  3 . 5 5 % )  . . . .  5.49 
P a l m  n u t  oil . . . . . . . . . . . . . . . . . .  5.60 

( F r e e  f a t t y  a c i d s  4 . 9 3 % )  . . . .  5.49 
R o s i n  . . . . . . . . . . . . . . . . . . . . . . . .  9.52 

9.52 

T o t a l  K H O  A X 10@ 
B B 

20.27 51.9 
20.38 50.6 
19.60 49.7 
19.82 49.7 
20.05 49.2 
19.71 49.2 
18.41 44.9 
18.59 44.6 
19.49 44.2 
19.49 44.2 
19.49 44.8 
19.38 45.7 
22.96 36.1 
23.18 38.1 
22.06 42.1 
22.40 41.0 
22.06 38.1 
22.-06 38.6 
22.18 42.4 
21.95 41.9 
21.84 43.6 
22.18 41.9 
21.62 43.5 
21.73 43.2 
25.20 20.4 
25.65 19.2 
24.98 15.7 
24.86 16.1 
24.75 15.8 
24.64 16.0 
25.09 18.3 
25.09 17.4 
24.42 15.6 
24.19 15.3 

16.2 
25.87 22.9 
25.65 22.7 
23.74 21.7 

24.53 21.5 
24..64 22.3 
25.20 22.2 
24.86 22.1 
17.81 53.5 
18.03 52.8 

E x p e r i m e n t s  w e r e c o n d u c t e d  
w i t h  o t h e r  i n d i c a t o r s  b e s i d e s  p h e -  
n o l - p h t h a l e i n  a n d  m e t h y l  o r a n g e ;  e. 
g . ,  t h y m o l  b l u e  a n d  a l i z a r i n  r e d  S..  
w h i c h ,  a f t e r  a l l o w i n g  f o r  t h e  s l i g h t  
d i f f e r e n c e  i n  p H  f o r  t h e  c o l o r  

c h a n g e ,  g a v e  c o m p a r a b l e  r e s u l t s .  
T h e  a u t h o r  i s  i n d e b t e d  t o  M r .  

J o h n  H a n l e y ,  F .  I.  C.  a n d  M e s s r s .  
J o b  I v o r y  & Co. ,  f o r  s e v e r a l  o f  t h e  
s a m p l e s  o f  o i l s  u s e d  i n  t h e s e  i n v e s -  
t i g a t i o n ~ .  
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