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light absorbed by an oil film in the region of 320-400 
m~ was indicative of the durability of the film upon 
exposure to accelerated weathering conditions. 
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The Hydrolysis of Soap Solutions. III. Values of pH and the 
Absence of Fatty Acid as Free Liquid or Solid 
JAMES W. McBAIN, P. LAURI:NT 1 and LUCILLE M. JOHN, 2 Department of Chemistry, 
Stanford University, California 

S OAPS hydrolyze to form hydroxyl ion and free 
fat ty acid, but the latter is converted into soluble 
or insoluble undissoeiated acid soaps. The con- 

version of free fa t ty  acid into acid soap causes the 
soaps to hydrolyze far more than the acetates (N/10 
sodium acetate hydrolyzes to the extent of 0.007%) 
though the fatty~ acids are but slightly weaker than 
acetic acid. Thus the hydroxyl ion concentration is 
no longer equal to that of the free fa t ty  acid but is 
at least an order of magnitude larger, since the corre- 
sponding fatty acid is consumed by forming acid soap. 

At least three opinions have been expressed as to 
the presence of fa t ty  acid in soap solutions. McBain 
has long maintained that, though fat ty  acid is always 
formed, there is never sufficient present to saturate 
the solution. Ekwall (1) holds, however, that there 
is more than sufficient for saturation only in a nar- 
row range of very dilute solutions, just below the 
limiting concentration which he describes as the high- 
est concentration in which the free fa t ty  acid can 
appear before its conversion to acid soap. Powncy 
and Jordan (2), on the contrary, have calculated that, 
not in the most dilute solutions, but in approximately 
0.005 M sodium laurate, 0.001 M sodium myristate, 
0.0002 M sodium palmitate, and (}.00003 M sodium 
stearate at 60~ the solubility limit of fat ty acid is 
reached and that in a range above these concentra- 
tions it is in excess of and may be several hundred 
times greater than the saturation value. 

To confirm one of these views, pII values of potas- 
sium and sodium soap solutions were determined, and 
from them the actual concentration of free fa t ty  acid 
in solution was calculated. This amount was found 
to be less than the saturation value, as determined 
by conductivity measurements, given in the preced- 
ing communication. 

From the p i t  values the percentage hydrolysis 
was also calculated. Estimates of hydrolysis have 
ranged from negligible to complete hydrolysis, based 
upon various types of data, including E.M.F. meas- 
urements, catalysis, indicators, analysis of ultrafil- 
trates, extraction with benzene or other solvents, and 
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pH measurements. Much of the earlier work has 
been done on sodium soaps. Ekwall and Lindblad 
(3) published pH data obtained by use of the glass 
electrode for sodium laurate at 20 ~ Stauff (4) used 
the hydrogen electrode to measure the pH of sodium 
soaps at 60~ and constructed hydroxyl ion activity 
curves as a function of concentration but did not 
disclose the pH's. Likewise, Powney and Jordan (2) 
using the glass electrode determined the p i t ' s  of a 
number of sodium soaps at 25, 40, 60, and 80~ pub- 
lished hydrolysis-concentration curves but did not 
give the plI 's. Some earlier studies of potassium 
soaps have involved E.M.F.  (5), indicator (6), and 
extraction (7) methods, but there are but  few data 
on their plI ' s  in the literature. Hence the determina- 
tion of tile plI  of sodium and potassium soaps over 
a range of concentrations is here recorded for 25 and 
50~ 

Experimental 
Kahlbaum's best acids, and some Lepovsky's puri- 

fied myristic acid were used in preparing the soap 
solutions. They were first analyzed by titrating them 
with alkali in 70-80% aqueous alcohol to determine 
the equivalent weight. McBain and Van Tuyl (8) 
showed by tile titration curves of lauric and myristic 
acids in 80% alcohol, using phenolphthalein as in- 
dicator, that the equivalence point, the point of 
inflection, and the color change coincided whereas in 
aqueous solution the point of inflection required 
1.5% excess laurie acid and 6.2% excess myristie 
acid. In this study titrations were made in aqueous 
alcoholic solutions using approximately decinormal 
sodium hydroxide, potassium hydroxide, and sodium 
hydroxide with a glass electrode; the results of 
the three titrations agreed closely. Also the results 
seemed to be independent of the concentration of 
alcohol, provided that there was sufficient to prevent 
precipitation. 

For the plI  determinations stock solutions were 
prepared by adding the calculated volume of stand- 
ard alkali to a ~r amount of acid. This was 
heated on a water bath at approximately 70-90~ 
until the acid dissolved, then cooled, and diluted to 
volume with conductivity water. The sodium hydrox- 
ide solutions were made from carbon dioxide-free 
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sodium dr ippings  a n d  conductivi ty wate r ;  potassium 
hydroxide  solutions were made f rom Bakers  " A n a -  
lyzed , "  a f t e r  a p re l iminary  r insing to wash away 
carbonate  f r o m  the solid. 

A few measurements  were made on stock solutions 
made by  another  method. Alkali  was added to the 
acid, yielding a soap which was considered to have 
the same concentrat ion as that  of the alkali ;  e.g. 
0.5555 g. of laurie acid was dissolved in 20.09 ml. of 
0.1379 N,  potass imn hydroxide to give 0.1379 N potas- 
sium laura te  solution. The error  involved in neglect- 
ing the volume of the acid would be small in all bu t  
the more concentrated solutions. The results of the 
two methods, used by  different persons, did not agree 
precisely. Most of the values given are those obtained 
by  use of the first method, bu t  some of the second 
(by  P .L . )  are also given. 

The stock solutions were diluted as follows, boiled 
out conduct ivi ty  water  being used throughout .  The 
normali t ies  are N,., or approx imate ly  Nv, neglecting 
the slight volmne change on mixing. 2.50 ml. of 
water  were added f rom a 10-ml. microbure t tc  to 10 
ml. of 1.000 N solution to give an 0.800 N solution, 
6.67 ml. of water  were added to 10.00 ml. of 1.00 N 
to give a 0.600 N solution. Using pipettes,  10.00 ml. 
of solution were diluted with an equal volume of 
water.  (Thus  0.800 N was diluted to 0.400 N, 0.400 N 
to 0.200 N, 0.600 N to 0.300 N, 0.300 N to 0.150 N.) 
5.00 ml. of 1.000 N werc diluted to 50 ml. in a volu- 
metr ic  flask, giving .100 N solution, which was diluted 
through the range 0.0800 to 0.01.00 in the manner  
given above. 0.100 N was dihited to 0.0100, 0.0100 
to 0.00100 N, and these were diluted as above. 

Fo r  the p l I  measurements  the Beckman p i t  meter  
and  the blue glass-calomel assembly was used. The 
meter  was checked with a series of buffered solutions 
made f rom Bum'ell buffer tabletg. A small meter  
correction was necessary above p H  9.80. I n  the tables 
b o t h  corrected and uncorrected p H ' s  are given at 
25~ No correction was appl ied at  50~ 

Before each series of measurements  the meter  was 
s tandardized by  use of a p H  7 buffer, and  it was 
checked f rom time to time against  a second buffer of 
p H  11. To make a measurement  15-20 ml. of the 
solution were placed in a 50-ml. beaker,  b rough t  to 
25 or 50~ suspended in a Dewar  flask, and the 
blue glass-calomel electrode assembly was lowered into 
the solution. The reading was taken a f te r  three to 
five minutes,  when it was usually, bu t  not always, 
quite constant.  Dur ing  this short  period the solutions 
were in contact with the atmosphere.  Otherwise they 
were kept  enclosed. I t  should be noted tha t  any  car- 
bon d iox ide  taken up by  the soap solution would 
tend to lower p H  and favor  format ion  of free f a t t y  
acid. However,  as is shown, the f a t t y  acid was not 

enough  even to  sa turate  the water  in the soap solu- 
tion. Fo r  readings at  50 ~ the t empera tu re  regulator  
of the meter  was set at  40 ~ , the meter  was adjus ted  
so tha t  i t  read  correct ly the pI-I 7 buffer  (6.97 at 
50~ Then if x is the dial reading a t  50 ~ the p H  

313 (x 6.97). = 6.97 

The stock solutions were allowed to s tand for  a day  
or more before  making  the measurements  as the p i t  
m a y  v a r y  with the age of the solution. Most of the 
measurements  were made on the di luted solutions 10 
minutes  to an hour  a f t e r  dilution though some re- 

mained for  a longer time. Wi th  some solutions the 
var ia t ion  in p H  is appreciable,  in others it  is slight. 
The p H  of a 0.1 N potassium myris ta te  solution 
measured 10.95 jus t  a f te r  its p repara t ion  f rom the 
acid and alkali ;  a f te r  16 hours the value was 10.47. 
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CONCENTRATION OF SOAP 

:Fro. 1. Comparison of tile pH of sodium and potassium 
soaps at  25 ~ . 

A port ion of it diluted to 0.01 N read ]0.62 jus t  a f te r  
d i lu t ion,  and 10.70 the next day. In  general, when 
solutions were diluted tenfold, a longer t ime was 
required to reach a fa i r ly  constant  p H  than  when 
diluted twofold. 

F o r  each soap studied a number  of solutions were 
p repa red  and the p H  measured,  the average of these 
results, rounded to the nearest  0.05, or in some cases 
the nearest  0.1, of a p i t  uni t  are given in the tables 
which follow. F r o m  the pH,  the hydroxyl  ion activ- 
i ty was calculated using for  the ionization constant  
of water  10 -14 at 25 ~ and 10 -1~'26 at  50~ 

To test  the effect upon p H  of solubilized hydrocar-  
bon about  one equivalent  of hexane was added to 
some of the laurate  Stock solutions and allowed to 
s tand for  24 hours or longer. A small amount  of the 
hexane was solubilized. The solution was diluted in 
the usual manner ;  and the p H  was determined simul- 
taneously with an un t rea ted  solution. A slight low- 
ering of p H  and of hydrolysis  is due to the solubilized 
hexane. The p H  values listed in the laurates  under  
" co r r ec t ed  p i t "  have had the meter  correction ap- 
plied and are rounded off to the nearest  0.05 of a p H  
uni t  and are sometimes slightly grea te r  or less than  
the designated p t I  since other data  were: also consid- 
ered. Tables I, I I ,  I I I ,  and I V  give the pH,  the 
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hydroxyl  ion activity,  and  the percentage hydrolysis  
at  25 and  50~ for  the soaps studied. Table I in- 
cludes the effect of solubilized hexane on the laurates  
at  25~ Table V gives some p H  values of soaps 
p repa red  by  the second method described above. 

In  F igures  1 and 2 the p H  values are plot ted as 
a funct ion of the concentration. They show that  the 
p H  of the potassium soap is near ly  always somewhat 
higher than  tha t  of the corresponding sodium soap. 
For  the laurates  the difference is small at  25 ~ and  
also in the more concentrated solutions at  50~ 
while in dilute solutions the two curves near ly  coin- 
cide. F o r  the myris ta te ,  palmitates,  and stearates at 
50 ~ the p H  of the potassium salt is usual ly  only a 
few tenths of a unit  higher than  tha t  of the sodium 
salt, bu t  at  25 ~ the difference may  exceed one p H  
unit  in concentrations above 0.004 N. 

all solution) in the higher concentrations used, so 
sorption may  be par t ia l ly  responsible for  this order. 

Milton A. Lesser (10) in " P r o s  and Cons of Toilet  
Soap I r r i t a t i o n "  states " T h e  p H  range of 1% solu- 
tions of toilet soaps was f o u n d  to be 9-11 b y  Klander  

t u , 
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CONCENTRATION OF SOAP 

Fro. 2. Comparison of the pll of sodium and potassium 
soaps at 50 ~ . 

The curves at 50~ F igure  2, show best the in- 
crease in p H  though it is not a un i form increase, with 
increasing carbon content f rom the laurates  to the 
stearates;  for  example, the p I I ' s  of 0.01 N solutions 
of potassium salts are :  laurate,  7.70; myris ta te ,  9.4; 
palmitate,  9.9, and stearate,  10.35, and of the corre- 
sponding sodium salts:  7.75, 9.25, 9.8, and 9.8. At  
25 ~ in the higher concentrations used the sodium 
stearate curve is slightly lower than that  of the pal- 
mitate,  cont ra ry  to what  one might  expect. Pres ton 
(9) in the s tudy of the detergent  action of sodium 
soaps also found the palmita te  and stearate  order 
was the reverse of tha t  expected in "whi teness  of 
washed c loth-concentra t ion"  curves. However,  both  
of these la t ter  systems were curded mixtures  (not 
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I~IG. 3 .  ] ? e r c e n t ~ t g e  h y d r o l y s i s - , ~ ; o n c e n t r ~ t l o ~  c u r v e s  : f o r  t h e  
r o lauratcs at 25 ~ and o0 . 

and co-workers (Arch. l )ermat ,  and Syph., 1931, 162, 
517). Shar l i t t  (New York State  J .  Med., 1943, 43, 
160) found a p l I  range of 9-10 for toilet soaps ."  
Our results for  pure  soaps range f rom 11.7 for  the 
highest concentrations of the highest soaps, and 9.9 
for  the highest concentrations of potassium laurate,  
down to 7.1 for  the laurates  in 0.001 N and about  8 
for the stearatcs in 0.0001 N. Ore' results for 1% 
solutions range fronl 9.5 for  ]am'ates to 11.6 for  
potassium palmita te  and stearate.  

Under  our data for  p H  percentage hydrolysis-con- 
centrat ion curves were constructed for each soap. 
F igure  3 gives those of the laurates  at  25 ~ and 50~ 
Potassium and sodium laura te  are similar in percent-  
age hydrolysis,  bu t  in all bu t  the most dilute solutions 
that  of the potassium salt is grea ter  than tha t  of the 
sodimn salt. Fo r  the laurates  percentage hydrolysis  
is roughly twice as great  at 50 ~ as at 25 ~ . Potassium 
myris ta te  is hydrolyzed about  six times as much as 
the sodium salt in 0.01 N solution at 25 ~ the differ- 
ence is very small at  50 ~ A max imum occurs in each 
of the hydrolysis  curves, and, if the concentration is 
sufficiently dilute, a min imum is also present.  

The 0.2 N sodium laurate  was clear at 25 ~ but  read- 
ily set to a solid cnrd when cooled slightly below 25 ~ 
At times, beaut i fu l  needles separa ted  f rom 0.1 N solu- 
tion when the t empera tu re  fell to about  20 ~ . An 
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TABLE I 

The pH, Hydroxyl Ion Activity and Percentage Hydrolysis at 25 ~ and 50~ and the pH in the 
Pre~ene~ of Solubilized ttexane at 25 ~ for Potassium and Sodium Laurate 

25~  50 ~ 

Conc'nNv I p H  Corr ,  I . . . .  I Percentage aoH I Pe,'centago 
o H  H ex. p H  X 104 H y d  i olysis pI-I X 104 Hydrolysis 

POTASSIUM LAURATE 

1.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .08  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .06  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 , 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 , 0 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 .02  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 1 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 ,91  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 , 0 0 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .001  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 .80 
9 .80  
9 .87  
9 .80  
9 .75  
9 .68  
9 .63  
9 .48  
9 .20  
8 . 8 8  
8 .40  
8 .05  
7 .72  
7 .57  
7 .48  
7 .24  
7 .10  

9 .88  
9 .85  
9 .85  
9 .85  
9 .68  
9 .62  

9 .45  

8 .82  

7 .94  
7 .77  

7 .42  
7.O7 

9 . 8 5  0 . 7 0 8  
9 .85  0 , 7 0 8  
9 .95  0 .891  
9 .85  0 . 7 0 8  
9 .80  0 . 6 3 1  
9 .75  0 . 5 6 3  
9 .65  0 . 4 4 7  
9 .50  0 . 3 1 6  
9 .30  0 . 2 0 0  
8 .90  0.0794 
8 .50  0 . 0 3 2 4  
8 .10  0.012.6 
7 .80  0 . 0 0 6 2 1  
7 .65  0 . 0 0 4 4 7  
7 . 4 0  0.00251 
7 .30  0 . 0 0 2 0 0  
7 .10  0 . 0 0 1 2 6  

0 .0071  
0 . 0 0 8 8  
0 .022  
0 . 0 3 5  
0 . 0 6 3  
0 . 0 7 0  
0 . 0 7 5  
0 . 0 7 9  
0 . 0 6 7  
0 . 0 4 0  
0 .022  
0 . 0 1 3  
0 . 0 0 7 9  
0 . 0 0 7 4  
0 . 0 0 6 3  
0 .10  
0 0 1 3  

9 .60  
9 .60  
9 .50  
9 .45  
9 .40  
9 .35  
9 .25  
9 .10  
8 . 8 5  
8 4 0  
8 .05  
7 .70  
7 .50  
7 .40  
7 .30  
7 .20  

2 .19  
2 .19  
1 .74  
1 ,55 
1 .38  
] , 2 3  
0 . 9 9 7  
0 , 6 9 2  
0 . 3 8 9  
0 , 1 3 8  
0 . 0 6 1 7  
0 . 0 2 7 5  
0 , 0 1 7 4  
0 . 0 1 3 8  
0 . 9 1 1 0  
0 . 0 0 8 7 2  

0 .022  
0 .027  
0 . 0 4 4  
0 .078  
0 . 1 3 8  
0 . 1 5 4  
0 .163  
0 .158  
0 . 1 2 9  
0 . 0 6 9  
0.041 
0.027 
0.022 
0.023 
0 .027  
0 . 0 4 4  

SODIUM LAURATE 

0,2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .08  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .04  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .03  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .02  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 1 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0.01 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . 0 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 .72  
9 .72  
9 .68  
9 .58  
9 .42 
9 .04  
8 .62  
8 .28  
7 .90  
7 .70  
7 .62 
7 .47 
7 2 5  
7 . ] 2  

9 .63 
9 .70  
9 .64  
9 .55  
9 .37  
9 .00  
8 .58  
8 .28 
7 .86  
7 .70  
7 .48  
7 . 4 4  
7 .22  

9 .70  
9 .70  
9 .70  
9.6D 
9 .40  
9 .10  
8 .60  
8 .30  
7 . 9 0  
7 ,70  
7 .60  
7 5 0  
7 .25  
7.]0 

0 .501  
0 . 5 0 1  
0 .501  
0 . 3 9 8  
0 . 2 5 1  
0 . 1 2 6  
0 . 0 3 9 8  
0 . 0 2 0 0  
0 . 0 0 7 9 4  
0 , 0 0 5 0 1  
0 . 0 0 3 9 8  
0.00316 
0.00178 
0.00126 

0 ,025  
0 . 0 5 0  
0 .06: /  
0 . 0 6 6  
0 .063  
0 .042  
0 . 0 2 0  
0 .013  
0 . 0 0 7 9  
0 . 0 0 6 3  
0 . 0 0 6 6  
0 . 0 0 7 9  
0 . 0 0 7 9  
0 . 0 1 3  

9 .30  
9 . 3 0  
9 .30  
9 .20  
9 ,00  
8 .75  
8 .45  
8 .05  
7 .75  
7 .50  
7 .40  
7 . 3 0  
7.0 

1 .10 
1.1O 
1.10 
0 . 8 7 2  
0 .55  
0 .308  
0 . 1 5 5  
0 . 0 6 1 7  
0 . 0 3 0 8  
0.0174 
0 . 0 1 3 8  
0 . 0 1 1 0  
0 . 0 0 5 5  

0 .055  
0 . 1 1 0  
0 .135  
0 .148  
0 .137  
0 ,103  
6 .077  
0.041 
0 .031  
0 .022  
0 .023  
0 .028  
0 .028  

0.028 N solution remained quite clear on standing,  
but  in the more dilute solutions acid soap separated. 
1.0 N potass ium laurate was  clear; l ikewise those 
down to about  0.04 N, where acid soap appeared. 
Crystals  formed in the more concentrated solutions on 
standing.  All  of  the laurate solutions were clear at 
50~ 

0.05 N sodium myristate  readily set to a curd when 
cooled sl ightly below 25 ~ , and even at 25 ~ the solu- 
t ions from 0.05 to 0 0 1  N tend to set; first many  
white  spherical nuclei  appear, then the entire solu- 
t ion crystall izes to curd. The p H  of a clear sol of 
0.05 N measured 9.97, and after sett ing the p H  was 
10.26, corresponding to the separation of some soap. 

TABLE II 

The p H ,  H y d r o x y l  Ion Activity, and Percentago Hydrolysis of Potassium and 
Sodium Myristate at 25 ~ and 50~ 

25~  50 ~ 

I p i t  [ aoH l P e r c e n t a g e  aoH Percentago 
Cone'n N. pH Corr .  X 10" Hydro lys i s  p H  X 1 0 '  Hydrolysis 

POTASSIUM ~tC[YRISTATE 

l .O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.8 .......................... , . . . . . . . . . . . . . . . . . . . . . . .  
0 .4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .08  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 , 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .03  ...... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 1 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .01  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 1 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 5  . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .O0Ol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 0 . 5 0  
1 0 . 5 0  
1 0 . 5 0  
1 0 . 5 0  
1 0 . 5 0  
1 0 . 5 5  
1 0 . 6 0  
1 0 . 6 0  
10 .70  
1 0 . 7 0  
1 0 . 7 0  
1 0 . 7 0  
10 .65  
1 0 . 3 0  

9 . 8 0  
9 .50  
8 .90  
8 .50  
8 .25  
7 . 9 9  
7 .25  

10 .70  
1 0 . 7 0  
10 .70  
10 .70  
1 0 . 7 0  
10 .75  
10 .80  
10 .80  
1 0 . 9 0  
1 0 . 9 0  
1 0 . 9 0  
10 .90  
10.85 
10.40 

9 .85  
9.5O 
8 .90  
8 .56  
8 .25  
7 .90  
7 .25  

5 .01  
5 .01  
5 .01  
5 .01  
5 .01  
5 .62 
6 .31  
6 .31  
7 .94  
7 , 9 4  
7 .94  
7 .94  
7 .08  
2 .51  
0 . 7 0 8  
0 . 3 1 6  
0 . 0 7 9 4  
0 . 0 3 1 6  
0 . 0 1 7 8  
0 . 0 0 7 9 4  
0 . 0 0 1 7 8  

0 .05  
0 .063  
0 .12  
0 .25  
0 .50  
0 .70  
1 .05  
1.6 
2 .6  
4 0  
5.3 
7.9 
8.8 
4 .2  
1.7 
1.1 
0 .40  
0 .21  
0 .18  
0 . 1 6  
0 .18  

9 .70  
9 .70  
9 .70  
9 .60  
9 .60  
9 .60  
9 .70  
9 .65  
9 .65  
9 .60  
9 .50  
9 .40  
9 .30  
9 .15  
8 .70  
8 .50  
8 .10  
7 .90  
7 .70  
7 .40  

2 .75  
2 .75  
2 .75  
2 .19  
2 . 1 9  
2 .19  
2 .75  
2 .45  
2 .45  
2 .19  
1 .74  
1 .38 
I.I0 
0.776 
0 . 2 7 5  
0 . 1 7 4  
0 . 0 7 7 6  
0 . 0 4 3 6  
0 . 0 2 7 5  
0 . 0 1 3 8  

0 . 0 2 7  
0 . 0 3 4  
0 . 0 6 9  
0 .11 
0 .22 
0 .27  
0 .46  
0 .61  
0 .82  
1.1 
1.15 
1.4 
1.4 
1.1 
0 .69  
0 .58  
0 .39  
0 .30  
0 .27  
0 .27 

SODIUM ~YI~I STAT~ 

0 . 0 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .01  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0.003 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 1 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O.O01 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0.0008 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0.0001 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  

1 0 . 0 0  
1 0 . 0 0  
10.O0 
1 0 . 0 0  

9 .95  
9 .80  
9 .40  
9 .00  
8 .60  
8 .40  
8 .10  
8 .00  
7 .70  
7 .40  
7 2 0  

10 .10  
1 0 . 1 0  
1 0 . 1 0  
1 0 . 1 0  
1 0 . 0 0  

9 .85  
9 .40  
9 .00  
8 .60  
8 . 4 0  
8 .10  
8 .00  
7 .70  
7 .40  
7 .20  

1 .26  
1 .26  
1 .26  
1 .26  
1 .00  
0 . 7 0 8  
0 . 2 5 1  
0 . 1 0 0  
0 . 0 3 9 8  
0 . 0 2 5 1  
0 . 0 1 2 6  
0 . 0 1 0 0  
0 . 0 0 5 0 1  
0 . 0 0 2 5 1  
0 . 0 0 1 5 9  

0 . 2 5  
0 .31  
0 .63  
1 .26  
1 .25  
1.2 
0 . 6 3  
0 .33  
0 .20  
0 .17  
0 . 1 3  
0 .12  
0 .12  
0 .12  
0 .16  

9 .60  2 .19  
9 .60  2 .19  
9 .50  1 .74  
9 .25  0 . 9 7 7  
9 .20  0 .87  
8 .90  0 . 4 3 7  
8 , 5 5  0 . 1 9 5  
8 .25  0 . 0 9 7 7  
8 .00  0 . 0 5 5 0  

7.60 0.0219 
7.50 0.0174 
7 . 2 0  0 . 0 0 8 7  
7 .00  0 . 0 0 5 5  

0 . 4 4  
0 .55  
0 .87  
0 .98  
1.1 
0 .73  
0 .43  
0 .32  
0 .27  

0 . 2 2  
0 .22  
0 .22  
0 . 2 7  
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T A B L E  III 

The p H ,  H y d r o x y l  I o n  A c t i v i t y ,  and P e r c e n t a g e  Hydro lys i s  of Sod ium P a l m i t a t e  and 
S teara te  at  25  ~ and  5 0 ~  

81 

 5oo I 50o I 
[ p H  a o a  P e r c e n t a g e  a0H P e r c e n t a g e ,  

C o n c ' n  Nv  p H  Co : r .  X 10  ~ H y d r o l y s i s  p H  X 104 H y d r o l y s i s  

8 O D I U M  P A L M I  TATE 

0 . 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

O.01 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 1 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 O l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 0 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 1 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 0 . 4  
1 0 . 4  
1 0 . 4  
1 0 . 4  
1 0 . 4  
1 0 . 4  
1 0 . 3 5  

9 .8  
9 . 5  
9 .3  
8 . 9  
8 .7  
8 . 4  
8 .2  
7 .8  

1 0 . 5 5  
1 0 . 5 5  
1 0 . 5 5  
1 0 . 5 5  
1 0 . 5 5  
1 0 . 5 5  
1 0 . 5  

9 . 8 5  
9 . 5  
9 .3  
8 . 9  
8 . 7  
8 . 4  
8 .2  
7 . 8  

3 . 5 5  
3 . 5 5  
3 . 5 5  
3 . 5 5  
3 . 5 5  
3 . 5 5  
3 . 1 5  

0 . 7 0 8  
0 . 3 1 6  
0 . 2 0 0  
0 . 0 7 9 4  
0 . 0 5 0 1  
0 . 0 2 5 1  
0 . 0 1 5 9  
0 . 0 0 6 3 1  

1 .8  
3 . 5  
4 . 4  
5 .9  
8 .8  

1 1 . 9  
1 5  .8 

7 . 1  
4 . 0  
3 .3  
2 , 0  
1 .7  
1 .2  
1 .1  
0 . 6 3  

9 .8  
9 .8  
9 . 8 5  
9 . 8 5  
9 . 7 5  
9 .7  
9 . 4  
9 .2  
8 . 8 5  
8 . 6  
8 . 4 5  
8 . 2 5  
8 .1  
7 . 8 5  
7 .6  
7 . 4  

3 . 4 7  
3 . 4 7  
3 . 8 9  
3 . 8 9  
3 . 0 9  
2 . 7 5  
1 . 3 8  
0 . 8 7  
0 . 3 8 9  
0 . 2 1 9  
0 . 1 5 5  
0 . 0 9 7 7  
0 . 0 6 9 2  
0 . 0 3 9 8  
0 . 0 2 1 9  
0 . 0 1 3 8  

1 . 7  
3 . 5  
4 . 9  
6 . 6  
7 . 7  
9 .2  
6 . 9  
5 .8  
3 . 9  
2 . 7  
2 . 6  
2 . 4  
2 .3  
1 .9  
1 . 5  
1 . 4  

S O D I U M  STEARATE 

0 . 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 0 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 1 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 0 0 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 0 0 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 0 . 3  
1 0 . 3  
1 0 . 3  
1 0 . 3  
1 0 . 3  
1 0 . 2  
1 0 . 1  

9 . 9  
9 . 7 5  
9 .6  
9 .3  
9 .0  
8 . 5  
8 .0  

1 0 . 4 5  
1 0 . 4 5  
1 0 . 4 5  
1 0 . 4 5  
1 0 . 4 5  
1 0 . 3  
1 0 . 2  

9 . 9 5  
9 .8  
9 .6  
9 .3  
9 . 0  
8 .5  
8 ,0  

2 . 8 2  
2 . 8 2  
2 . 8 2  
2 . 8 2  

2 . 8 2  
2 . 0 0  
1 . 5 9  
0 . 8 9 1  
0 . 6 3 1  
0 . 3 9 8  
0 . 2 0 0  
0 . 1 0 0  
0 . 0 3 1 6  
0 . 0 1 0 0  

2 . 8  
3 . 5  
4 . 7  
7 .1  
9 . 4  

1 0 . 0  
1 0 . 6  

8 .9  
7 .9  
6 .6  
5 .0  
3 .3  
1 .6  
1 .0  

9 .8  
9 . 9  
9 .9  
9 .9  
9 .8  
9 . 6 5  
9 . 5  
9 .3  
9 ,1  
8 .8  
8 . 5 5  
8 . 3  
8 .0  
7 . 5  

3 . 4 7  
4 . 3 6  
4 . 3 6  
4 . 3 6  
3 . 4 7  
2 . 4 5  
1 . 7 4  
1 . 1 0  
0 . 6 9 2  
0 . 3 4 7  
0 . 1 9 5  
0 . 1 1 0  
0 . 0 5 5  
0 . 0 1 7 4  

3 . 5  
5 . 4  
7 . 2  

1 0 . 9  
1 1 . 6  
1 2 . 3  
1 1 . 6  
1 1 . 0  

8 . 6  
5.8 
4 . 9  
3 . 7  
2 . 7  
1 . 7  

MeBain and H a y  (6) l ikewise found that soap solu- 
tions f rom which soap had separated were more alka- 
line than the same whol ly  in solution. Ekwal l  and 
Lindblad (3)  reported that a clear solution of 0.1833 

N sodium laurate had a p H  of 10.33, which six min- 
utes later fel l  to 10.15, when it had been converted to 
a gel!  1.0 N potassium myristate  is a clear solution 
at 25 ~ in 0.5 N solution a sl ight deposit  separates on 

T A B L E  I V  

The p H ,  H y d r o x y l  I o n  A c t i v i t y ,  and P e r c e n t a g e  Hydro lys i s  of P o t a s s i u m  Pa lmi ta te  and 
Stearate  at  25  ~ and a t  5 0 ~  

2 5 ~  5 0  ~ 

I I)I1 I a o H '  P e r c e n t a g e  son ,  I P e  tage  . . . .  
C o n c .  Nv  p H  C o r r .  X 1 0 4  t l y d r o l y s i s  p i t  X 104 H y d r o l y s i s  

P O T A S S I U M  PAI ,  MITATE 

0 . 1 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 , 0 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 1 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 0 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 1 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . .  
0 . 0 0 0 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 0 0 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 0 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 ' 0 0 0 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 0 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 1 . 2  
1 1 . 2  
1 1 . 2  
1 1 . 3  
1 1 . 3 5  
1 1 . 4 5  
1 1 . 4  
1 1 . 3 5  
1 1.2 
1 1 . 0 5  
1 0 . 8  

1 0 . 0  
10.4 
1 0 . 2 5  
1 0 . 0  

9 .8  
9 . 6  
9 .3  
9 . 0 9  
8 .8  
8 .3  
7 .6  

1 1 . 4 5  
] 1 . 4 5  
1 1 . 4 5  
1 1 . 6  
1 1 . 6 5  
1 1 . 7 5  
11.7  
1 1 . 6 5  
1 1 . 4 5  
1 1 . 3 0  
1 1 . 0  
1 0 . 8  
1 0 . 5 5  
1 0 . 3  
1 0 . 1  

9 . 8 5  
9 .6  
9 .3  
9 . 0  
8 . 8  
8 .3  
7 .6  

2 8 . 2  
2 8 . 2  
2 8 . 2  
3 9 . 8  
4 4 . 7  
5 6 . 3  

5 0 . 1  
4 4 . 7  
2 8 . 2  
2 0 . 0  
1 0 . 0  

6 . 3 1  
3 . 5 5  
2 . 0 0  
1 . 2 6  
0 . 7 0 8  
0 . 3 9 8  
0 . 2 0 0  
0 . 1 0 0  
0 . 0 6 3 1  
0 . 0 2 0  
0 . 0 0 3 9 3  

2 .8  
3 .5  
4 . 7  
9 . 9  

1 4 . 9  
2 8 . 1  
3 3 . 4  
4 4 . 7  
3 5 . 5  
3 3 . 3  
2 5 , 0  
2 1 . 0  
1 7 . 7  
1 3 . 3  
1 2 . 6  

8 . 8  
6 . 6  
5 .0  
3 . 3  
3 .1  
2 . 0  
8 . 0  

9 .8  
9 .8  
9 . 8 5  
9 . 8 5  

9 .9  
9 .9  
9 .9  
9 .9  

9 .8  
9 .7  
0 . 4  
9 .2  
9 .0  
8 .8  

8 . 4  
8 .2  
8 .0  
7 . 6 5  
7 .3  

; I . 47  
3 . 4 7  
3 . 8 9  
3 . 8 9  

4 . 3 6  
4 . 3 6  
4 . 3 6  
4 . 3 6  

3 . 4 7  
2 . 7 5  
1.38 
0 . 8 7  
0 . 5 5  
0 . 3 4 7  

0 . 1 3 8  
0 . 0 8 7  
0 . 0 5 5  
0 . 0 2 4 6  
0 . 0 1 l  

0 . 8 5  
0 . 4 3  
0 . 6 5  
0 . 9 7  

2 . 2  
2 . 9  
4 . 4  
5 .8  

8 . 7  
9 .2  
6 . 9  
5 . 7  
5 .5  
4 . 3  

3 . 4  
2 . 9  
2 . 7  
2 . 5  
2 . 2  

P O T A S S I U M  STEAR.ATE 

0 . 1 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 1 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 1 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 0 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 0 0 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 0 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 1 . 0  
11 . l  
11 . 3 
1 1 . 3  
1 1 . 4  
1 1 . 4  
1 1 . 3  
1 1 . 2  
1 1 . 0  
1 0 . 8  
1 0 . 6  
1 0 . 4  
1 0 . 3  
1 0 . 1  

9 . 9  
9 .7  
9 .2  
9 .0  
8 .7  
8 . 5 5  

1 1 . 2 5  
1 .1 .35  
1 1 . 6  
1 1 . 6  
1 1 . 7  
1 1 . 7  
1 1 . 6  
1 1 . 4 5  
1 1 . 2 5  
1 1 . 0  

1 0 . 8  
1 0 . 5 5  
1 0 . 4  
1 0 . 2  
1 0 . 0  

9 .7  
9 .2  
9 . 0  
8 .7  
8 . 5 5  

1 7 . 8  
2 2 . 4  

4 4 . 7  
4 4 . 7  
5 0 . 1  
5 0 . 1  
3 9 . 8  
2 8 . 2  
1 7 . 8  
1 0 . 0  

6 . 3 1  
3 . 5 5  
2 . 5 1  
1 . 5 9  
1 . 0 0  
0 . 5 0 1  
0 . 1 5 9  
O . l O 0  
0 . 0 5 0 1  
0 . 0 3 5 5  

1 .7  
2 . 8  

1 1 . 2  
1 4 . 9  
2 5 . 0  
3 3 . 4  
3 9 . 8  
3 5 . 5  
2 9 . 7  
2 5 . 0  
2 1 . 0  
1 7 . 7  
1 6 . 6  
1 5 . 9  
1 2 . 5  

8 .3  
4 . 0  
3 .3  
2 . 5  
3 .5  

1 0 . 2  
1 0 . 2  
1 0 . 2  
1 0 . 2 5  
1 0 . 3  
1 0 . 4  
1 0 . 3 5  
1 0 . 3  
1 0 . 3  
1 0 . 1  

9 . 9 5  
9 .7  
9 . 5  
9 .2  
9 .1  
8 . 9 5  
8 .7  
8 .5  
8 .3  
8 . 1 5  

8 . 7 0  
8 . 7 0  
8 . 7 0  
9 . 7 7  

1 1 . 0  
1 3 . 8  
1 2 . 3  
1 1 . 0  
1 1 . 0  

6 . 9 2  
4 . 9 0  

0 . 8 7  
1 .1  
2 . 2  
3 .3  
5.5 
9 . 2  

1 2 . 3  
1 3 . 8  
1 8 . 3  
1 7 . 3  
1 6 . 3  

2 . 7 5  1 3 . 7  
1 . 7 4  1 1 . 6  
0 . 8 7 0  8 . 7  
0 . 6 9 2  8 . 6  
0 . 4 9 3  8 . 1  
0 . 2 7 5  8 .3  
0 . 1 7 4  5 . 8  
0 .110  5.5 
0 . 0 7 7  7.7  
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standing. In  0.01 N solution a rather  heavy precipi- 
tate appears;  in 0.001 N there is a light precipitate 
of acid soap. 

The 0.01 N sodium stearate and 0.02 N sodium pal- 
mitate were soft curded mixtures at 25 ~ and even at 
50 ~ , most of the curd did not dissolve. At  5'0 ~ , 0.004 
N solution was quite opalescent, and by 0.003 N crys- 
tals of acid soap appeared. The 0.0004 N solution was 
again opalescent. The p H  of these curded mixtures 
was variable, depending upon how the curd separated, 
the length of time of standing, etc., so the values 
given are but average values. For  0.01 N stearate, 
values ranging from 10.0 to 10.6 were obtained at 25 ~ 

0.1 N potassium palmitate contained undissolved 
crystals, which dissolved when t he  s o l u t i o n  was  
warmed to about 30 ~ . Crystalline acid soap appeared 
at 50 ~ in 0.02 N solution, and persisted until  the solu- 
tion was very dilute. The 0.1 N potassium stearate is 
a greasy viscous white mixture at  25 ~ but  a clear 
sol. at 50 ~ . At  50 ~ silky crystals were present in 
0.04 N solution and continued until  a concentration 
of 0.0008 N,I which was clear. 

To determine the effect of added salt upon the p l l  
of a soap solution a weighed amount  of sodium or 
potassium chloride was dissolved in some of the sto(:k 
soap Solution, then it was diluted in the usual mannel:. 
The p H ' s  of treated and untreated solutions were 
determined simultaneously. The results are given in 
Table VI. For  potassium laurate solutions at 25 ~ and 
at 50 ~ the added 0.1 N potassium chloride caused a 
lowering in Ill[ in eont.entrations 0.1 to 0.03 N, but  
fronl 0.02 to 0.006 N a slight increase was observed 
and again a decrease from 0.004 to 0.003 N. Sodium 
chloride added to 0.01 N sodium myristate to make 
it 0.01 N in sodium chloride had no appreciable 
effect upon the pII .  " S o l u t i o n s "  of 0.01 N sodium 
palmitate containing 0.1 N and 0.05 N sodium chlo- 
ride were found to have a much lower pH than the 
untreated solution. Some salting-out was apparent.  
Evident ly  the effect of salt on the p i t  of a soap solu- 
tion is rather complex. McBain and Merrill (11) 

have shown that  added electrolyte promotes solubili- 
zation and mieelle formation at dilutions where there 
is no evidence for these phenomena without the 
electrolyte. 

Discussion 

The p t t  values of soap solutions supply data for 

(H +) (a-)  
( I I  +) in the equation: - -  Ka which ex- 

( H A ) 

presses the relationship between the components of a 
solution of a weak acid. The concentration of fa t ty  
acid ion (A-) is in some eases known from osmotic 
data for soap solution; in other eases it can be 
estimated. Then one can solve for the concentration 
of undissoeiated fa t ty  acid ( t /A) ,  present in the 
soap solution. 

For  solutions of laurate 0.01 N and less, the eoneen- 
trat ion of free laurate ion (L ' ) ,  was taken to be equal 
to the soap concentration, for 0.04-0.1 N solutions, (L ' )  
was taken as 0.026 N, and for 1.0 N solution, (L') 
was 0.12, the latter values being approximately those 
given by  McBain and Eaton  (7). The same values 
were used for the myristates, though they are actually 
somewhat lower. Palmitate aud stearate ion concen- 
trations were taken to be the same as those of the 
soap, except for 0.006 to 0.02 N pahnitate, where 
( P ' )  was taken as 0.0032 N Ithe critical concentra- 
tion, as given by Ekwall (12)I .  

Beginning with the more concentrated solutions, 
the calculated amount of undissoeiated fa t ty  acid 
decreased with decreasing soap concentration, passed 
through a minimum, and then a maximum in the 
ease of the laurates and myristates. Perhaps the 
concentrations used were not sufficiently dilute to 
reach the maximum for the palmitates and stearates. 
For  potassium laurate the concentration of undisso- 
elated laurie acid increased as the concentration of 
laurate changed from 0.1 to 0.006 N, then decreased 
in concentrations from 0.006 to 0.001 N. In  0.006 N 
solution it was about 93% of the saturation value; 

S o a p  C o n c .  

1 . 1 4 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 5 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 2 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . .  

0 . 0 5 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ...... 
0 . 0 2 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . .  
0 . 0 1 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 0 5 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 , 0 0 1 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 0 0 2 8  . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . .  
0 . 0 0 0 1 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W a t e r . . . . ;  . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . .  

T A B L E  

T h e  p H  o f  V a r i o u s  S o a p  S o l u t i o n s  a t  2 5  ~ a n d  
M e n t i o n e d  i n  t h e  T e x t  * 

K L a u r a t e  

2 5  ~ 

S o a p  C o n e .  M y r i s t a t e  

5 0  ~ . ~  

0 . 0 2 1 6  . . . . . . . . . . . . . . . . . . .  9 . 8 1  
0 . 0 1 0 8  . . . . . . . . . . . . . . . . . . .  9 . 6 2  
0 . 0 0 5 4  . . . . . . . . . . . . . . . . . . .  9 . 2 3  
0 . 0 0 2 1 6  . . . . . . . . . . . . . . .  i .  8 . 5 0  
0 . 0 0 1 0 8  . . . . . . . . . . . . . . .  ~. 8 . 0 6  
0 . 0 0 0 5 4  . . . . . . . . . . . . . . .  i. 7 . 7 2  
0 . 0 9 0 2 7 . . . . ,  . . . . . . . . . .  : . . . . . . . .  
0 . 0 0 0 2 1 6  . . . . . . . . . . . . . .  7 . 7 3  
0 . 0 0 0 1 0 8  . . . . . . . . . . . . . . .  7 . 1 5  
0 . 0 0 0 0 5 4  . . . . . . . . . . . . . . .  7 

W a t e r  . . . . . . . . . . . . . . . . . . . .  6 . 7  

S o a p  C o n e .  

1 0 . 1  0 . 1 3 7 9  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 0 . 1  0 . 0 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 0 . 2  0 . 0 3 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 0 . 0  0 . 0 1 3 7 9  . . . . . . . . . . . . . . . . . . . . . . . .  

9 . 9 8  0 . 0 0 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . 0  0 . 0 0 3 5  . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 . 8  0 . 0 0 1 3 7 9  . . . . . . . . . . . . . . . . . . . . . .  
8 . 2 5  0 . 0 0 0 7  . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 , 6  W a t e r  . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . 3  
7 . 1  
6 . 4  

K 
M y r i s t a t e  

2 5  ~ 

1 0 . 2 8  
1 0 . 2 0  

9 . 7 2  
9 . 1 5  
8 . 8 0  
8 . 1 0  
7 . 9 0  
7 . 8 5  

7 . 0  

V 

a t ,  5 0 ~  P r e p a r e d  b y  t h e  S e c o n d  M e t h o d  

K L a u r a t e  K M y r i s t a t e  

5 0  ~ 5 0  ~ 

9 . 2 3  9 . 6 0  
9 . 2 8  9 . 7 1  
8 . 9 9  9 . 7 6  
8 . 1 6  9 . 6 0  
7 . 6 8  9 . 4 2  
7 . 2 9  9 . 3 2  
7 . 2 9  8 . 4 9  

7 . 9 7  
7 . 5  7 . 6 8  

S o a p  C o n e .  

0 . 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 1 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 5  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 0 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . .  
W a t e r  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S o d i u m  L a u r a t e  

2 5  ~ 5 0  ~ 

9 . 7 1  
9 , 7 8  9 . 6 7  
9 , 5 2  9 . 4 2  
8 . 4  8 . 3 1  
8 . 0  7 . 6 8  
7 , 8  ' 7 . 4 8  
7 . 5  . . . . . .  

S o a p  C o n e .  

0 . 0 1 9 7  . . . . . . . . . . . . . . . . . . .  
0 . 0 0 9 8  . . . . . . . . . . . . . . . . . . .  
0 . 0 0 4 9  . . . . . . . . . . . . . . . . . . .  
0 . 0 0 1 9 7  . . . . . . . . . . . . . .  : . .  
0 . 0 0 0 9 8  . . . . . . . . . . . . . . . . .  
0 . 0 0 0 4 8  . . . . . . . . . . . . . . . . .  
0 . 0 0 1 9 7  . . . . . . . . . . . . . . . . .  
0 . 0 0 0 0 9 8  . . . . . .  . . . . . . . . .  
0 . 0 0 0 0 4 9  . . . . . . . . . . . . . . .  
W a t e r  . . . . . . . . . . . . . . . . . . . .  

N a  
P a l m i t a t e  

5 0  ~ 

S o a p  C o n e .  

1 0 . 1 0  0 . 0 6 5 5  . . . . . . . . . . . . . . . . . . . . .  
1 0 . 1 0  0 . 0 3 2 8  . . . . . . . . . . . . . . . . . . . . .  
1 0 . 1 0  0 . 0 1 6 4  . . . . . . . . . . . . . . . . . . . . .  

9 . 9 1  0 . 0 0 6 5  . . . . . . . . . . . . . . . . . . . . .  
9 . 4 2  0 . 0 0 3 2 8  . . . . . . . . . . . . . . . . . . .  
8 . 9 4  0 . 0 0 1 6 4  . . . . . . . . . . . . . . . . . . .  
8 . 6 0  0 . 0 0 0 8 2  . . . . . . . . . . . . . . . . . .  
8 . 1 6  0 . 0 0 0 4 1  . . . . . . . . . . . . . . . . . . .  
7 . 7 7  0 . 0 0 0 2  . . . . . . . . . . . . . . . . . . . . .  
6 . 9  W a ~ r  . . . . . . . . . . . . . . . . . . . . .  

K 
P a l m i t a t e  

5 0  ~ 

9 . 8 1  
9 . 7 1  
9 , 6 6  

1 0 . 0 5  
1 0 . 2 4  

9 . 7 1  
9 . 3 2  

8 . 7 4 - 8 . 9 4  
8 . 6 0  
7 . 5  

i S o a p  C o n e .  . K S t e a r a t e  

5 0  ~ 

o~or-E~.~......i( lO.O5 
0.00065 ................. / 9.81 
0 . 0 0 0 3 2  . . . . . . . . . . . . . . . . .  9 . 5 6  
0.000131 . . . .  9.18 
o.oooo65 ............... / 8.79 
0 . 0 0 0 0 3 2  . . . . . . . . . . . . . . . .  / 8 . 3 1  

* T h e s e  m e a s u r e m e n t s  r e p r e s e n t  s i n g l e  t r i a l s  m a d e  o n  s t o c k  s o l u t i o n s  w h o s e  c o n c e n t r a t i o n  w a s  t a k e n  a s  t h a t  o f  t h e  a d d e d  a l k a ! i .  
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in 0.001 N about  67%; and in 0.01 N it was s l ightly 
more than 50% saturated at 25 ~ Ekwal l  (13) con- 
sidered that in sodium laurate solutions at room tem- 
perature free fat ty  acid separates in concentrations 
from about  0.004 to 0.0065 N. At  50 ~ the highest  
laurie acid concentration reached lies in the region 
0.006-0.008 N when it is about two-thirds the satura- 
t ion value. This might  be compared with  the calcula- 
tions of Powney  and Jordan which are given for 
sodium laurate at 60 ~ They state that in 0.005 M 
solution the approximate  solubil ity l imit  is reached 
(given as 12 }( 10 -6 M),  and in 0.01 N[ the concen- 
tration of laurie acid is about 3 times this value, and 
in 0.1 M nearly 31 t imes this value ! They have given 
the approximate solubil i ty l imit  ~ at 60 ~ as 4 X 10 -6 
M for stearic acid and 12 X 10 -6 for laurie acid. B y  
conduct iv i ty  measurements  at 50 ~ the concentration 
of undissociated lauric acid is nearly  80 times that of  
stearic acid (total  solubil i ty is about  20 t imes as 
great) .  

T A B L E  V I  

The Effect of Added Salt on the pI-I "Solutions" of Sodium Palmitate 
and Solutions of Sodium Myristate and Potassium Laurate 

p H  of  Sodium 
Palmitate  

t2one.  

.01  

. 0 0 8 . . .  
0 0 6  .. . . . . . . . . . . . . .  
0 0 4  . . . . . . . . . . . . . .  

. 0 0 3 , .  
0 0 2  . . . . . . . . . . . . . .  
0 0 1 . .  

. 0 0 0 8  .. . . . . . . . . . .  
0 0 0 6  .. . . . . . . . . . .  

. 0 0 0 4  .. . . . . . . . . . .  
0 0 0 3  . . . . . . . . . . . .  
0 0 0 2  . . . . . . . . . . . .  
0001 . . . . . . . . . . . . .  

Alone 

2 5  ~ 

1 0 . 3 0  
1 0 . 4 0  
1 0 . 4 0  
1 0 . 4 0  

1 0 . 3 0  
9 . 8 2  
9 . 4 2  
9 . 2 8  
8 . 8 2  
8 . 7 0  
8 . 4 5  

p H  of  Sodium 
Palmitate 

0 . 1  N 
SaC1 Alone 

2 5  ~ 2 5  ~ 

8 . 7 2  1 0 . 5 8  
8 . 6 8  1 0 . 5 0  
8 . 9 0  1 0 . 5 0  
9 . 0 4  1 0 . 5 0  

1 0 . 4 0  
9 . 3 8  1 0 . 3 7  
9 . 2 5  9 . 8 0  
9 . 1 3  9 . 5 5  
8 . 9 3  9.30 
7 . 9 0  8 . 9 0  
7 . 6 0  8 . 7 0  
7 . 2 0  8 . 4 0  

7 . 6 3  

p H  of  Sodium 
Myristate 

0 . 0 5  N 0 . 0 1  N 
NaCl Alone NaCI 

2 5  ~ 2 5  ~ 2 5  ~ 

9 . 1 3  9 . 9 7  9 . 9 5  
9 . 1 8  9 . 9 4  9 . 9 8  
9 . 3 8  9 . 7 8  9 . 7 8  
9 . 4 5  9 . 3 8  9 . 4 2  
9 , 5 4  9 . 0 5  9 . 1 0  
9 . 6 5  8 . 5 5  8 . 5 7  
9 . 6 4  8 . 2 6  8 . 2 8  
9 . 4 5  8 . 2 0  8 . 1 6  
9 . 3 0  
8 . 6 0  7 . 8 4  7 . 8 4  
8 . 4 1  
8 . 2 2  7 . 5 8  7 . 4 6  
7 . 9 6  7 . 2 8  7 . 3 8  

Cone. 

1 
0 8  . . . . . . . . . . . . . . . .  
0 6  .. . . . . . . . . .  

. 04  .... . . . . . . .  
o "l ... . . . . . . . .  

.o2 .. . . . . . . . . . . . .  
0 1 5  . . . . . . . . . . . . . . .  
01 

. 0 0 8  . . . . . . . . . . . . .  
0 0 6  . . . . . . . . . . . . . . . . . . . . . . . .  

. 0 0 4  ........ 
, 0 0 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

p H  of Potassium 
L a u l ' a t e  

Alone 

2 5 "  

9 . 8 2  
9.8O 
9 . 6 7  
9 . 5 3  
9 . 4 6  
8 . 9 0  
8 . 5 5  
8 . 1 0  
7 . 8 2  
7 . 6 8  
7 . 6 0  
7 . 5 0  

0.1 N 
K C I  

2 5  ~ 

9 .7:]  
9 . 6 5  
9 . 6 0  
9 . 5 0  
9 , 3 8  
9 . 1 0  
8 . 7 0  
8 . 2 2  
8 . 0 3  
7 / 7 2  
7 . 4 8  
7 . 4 3  

pl-I of Potassium 
Laurate 

0 . 1 N  
Ah)ne  K C I  

* 5 0  ~ * 5 0  ~ 

9.48 9.36 
9 . 4 2  9 . 3 0  
9 . 3 0  9 . 2 5  
9 . 2 2  9 . 1 0  
8 . 9 0  8 . 6 8  
8.43 8 . 5 3  
8 , 0 8  8 . 2 0  
7 . 7 3  7 . 8 0  
7 . 5 0  7 . 6 6  
7 . 3 8  
7 . 3 0  7 . 2 5  
7 . 1 8  7 . 1 2  

* Temperature correction was  not made. 

The c o n c e n t r a t i o n  of undissociated fat ty  acid 
reaches a higher per cent of its saturation value in 
the laurates than in the other soaps over the con- 
centration range calculated. The highest  calculated 
centration for palmitic  acid was in 0.0001 N so- 
dium palmitate and in 0.00005 N potassium palmi- 
tate where it was 0.12 }( 10 -6 M at 25 ~ or 20% satu- 
rated; at 50 ~ it was about 40% saturated in sodium 
palmitate and 26% saturated in potassium palmitate  
of the above concentrations.  The highest  stearic acid 
concentration was in 0.0001 N sodium stearate where 
it was 26.6% saturated, and in 0.0002 N potass ium 
stearate, 11% at 25~ ; at 50 ~ the percentage satura- 
t ion for the same concentration was 3 I  and 16, respec- 
tively. These calculations confirm the concept that in 
soap solutions containing exactly equivalent amounts  

of alkali metal  and fat ty  acid radical, hydrolyt ic  fa t ty  
acid is insufficient to produce saturation;  therefore 
free fa t ty  acid does not separate out unless the solu- 
tion is acted upon by an excess of acid, such as carbon 
dioxide. 

Percentage Hydrolys i s  
Percentage hydrolysis  is defined in terms of concen- 

tration of hydroxyl  ion in relation to the total  stoi- 
chiometric concentrat ion of soap. A comparison of 
the present values obtained for percentage hydrolys is  
of soap solutions with those found  in the l i terature 
shows that, in general, earlier measurements  are con- 
siderably higher. However ,  the pH of a solution is 
not invariable,  but (assuming pure materials)  de- 
pends upon the methods of preparation and the age 
of the solution, temperature effects, and sorption if 
excess neutral  or acid soap is present. The p H  of 
dilute solutions is much less constant than that of 
more concentrated solutions. In practice there is the 
effect of atmospheric carbon dioxide to cope with. It  
is not  surprising,  therefore,  to find considerable vari- 
ation in recorded pH's .  Calculations show that  an 
increase of 0.2 in p H  corresponds to approximate ly  
50% increase in hydrolysis ,  and an increase of 0.35 
to nearly 100% increase. Hence percentage hydroly-  
sis calculated from p H  measurements  must  be subject  
to a range of variation, depending upon m a n y  fac- 
tors, as age of the solution, etc. 

Some conclusions, however,  may  be set down with  
considerable assurance. The hydrolysis  of the laurates 
is very much less than that of the higher soaps, not 
exceeding a few tenths of 1% at 25 ~ , and in most  
concentrations it is much less than this. At  50~ it 
is approximately  twice that at 25 ~ . Percentage hy- 
drolysis for the myristates  will  not exceed a few per 
cent, except for a small  range of concentrations of 
the potass ium salt, and in most concentrations it is 
much less than  1%. The hydrolys is  of the pahnitates  
and stearatcs is much higher. 

For  each soap one can select a tenfold, or in a few 
cases a hundredfold  range where hydrolysis  is much 
greater than elsewhere (except perhaps in very dilute 
solutions) .  Table V I I  summarizes  this range of con- 
centration with its corresponding range of hydrolys is  
together with the max imum hydrolysis  and the con- 
centration in which it occurs. 

T A B L E  V I I  

Tenfold of Concentrat ion in Which n y d r o l y s i s  Is  Greates t  Wibh the 
Corresponding Range  in :Hydrolysis, Also :Maximum Hydrolys is  

Soap 

NaSt  . . . . . . .  
K S t  .. . . . . . . .  

NaP ........ 
K P  ... . . . . . . .  

NaM . . . . . . .  
K M  .... . . . . .  

NaL . . . . . . . .  
K L  .. . . . . . . . .  

Tenfold 
of Cone .  

0 . 0 0 4 - 0 . 0 0 0 4  
0 , 0 4  - 0 . 0 0 0 4  

0 . 0 0 8 - 0 . 0 0 0 8  
0 . 0 4  - 0 . 0 0 0 4  

0 , 0 4  - 0 . 0 0 4  
0 . 0 4  - 0 . 0 0 4  

0 .2  - 0 . 0 2  
0 , 2  -0 ,02  

% 
] l y d r ' o l y s i s  

Range 

7 .1  -5 .0  
1 1 . 2  -4 

4 . 4  -4 .0  
9 .9  -5 .0  

0 . 3 1  -O.63 
1 .6  -1 .7  

0 . 0 2 5 - 0 . 0 2  
0 . 0 3  - 0 . 0 4  

Maximum Hydrolys is  and 
Its C o n e .  

2 5  ~ 

t 0 . 6 %  a t  0 . 0 0 1 5 N  
i]9 .8  0 . 0 1  

1 5 . 8  0 . 0 0 2  
4 4 . 7  0 . 0 1  

1 . 2 5  0 . 0 0 8  
8 .8  0 . 0 0 8  

0 . 0 6 6  0 . 0 6  
0 . 0 7 9  0 . 0 4  

5 0  ~ 

1 2 . 3 %  a t  0 . 0 0 2 N  
1 8 . 3  0 . 0 0 6  

9 .2  0 . 0 0 3  
9 .2  0 . 0 0 3  

1 .1  0 . 0 0 8  
1 . 4  0 . 0 0 8  

0 . 1 4 8  0 . 0 6  
0 . 1 6 3  0 . 0 6  

S u m m a r y  
The p H  of the laurates,  myristates,  palmitates,  and 

stearates of  sodium and potassium at 25 ~ and 50~ 
was determined by use of a glass electrode, p H  :con- 
centration curves were constructed, and hydroxy l  ion 
activity was calculated. In general, the concentrat ion 
of hydroxyl  ion ranges from 0.001 to 0.0001 N;  for 
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the less dilute solutions of the higher soaps, the uppe r  
limit is exceeded b y  several fold, and in the more 
dilute solutions the concentration may  fall  beneath  
the lower value. Solubilized hexane reduced the p i t  
of potassium and sodium laurate  bu t  very  slightly. 
Potass ium or sodium chloride reduced the p H  of soap 
solutions over a certain range but  caused a slight 
increase in a nar row intermediate  range. 

Using the p H  values obtained, the actual  concen- 
t ra t ion  of f a t t y  acid in the soap solutions was cal- 
culated, and was found to be less than  the sa tura t ion 
concentrat ions obtained b y  conduct ivi ty measurements  
through the entire range investigated. Free  f a t t y  acid 
therefore never  separates as such f rom pure  soap 
solutions unless acted upon by  excess of acid such as 
carbon dioxide. 

Percentage hydrolysis  was calculated and curves 
were constructed. In  general, the potass ium soaps 
are hydrolyzed more than the corresponding sodium 

soaps; the difference is slight for  the laurates  bu t  is 
considerably grea ter  for  the myristates,  palmitates,  
and stearates in higher concentrations at 25~ The 
difference is apprec iab ly  smaller at  50 ~ than  at  25 ~ . 
Percentage hydrolysis  for  the laurates  is ve ry  much 
less than  for  the higher soaps. 
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Silicotes in Soops 
R. C. MERRILL, Philadelphia Quartz Co., Philadelphia 

S I L I C A T E S  of soda were added to soaps before 
1835. Soaps containing substant ia l  quanti t ies  of 
silicate became popula r  in this coun t ry  dur ing 

the Civil W a r  when the shortage of fa ts  and rosin 
in tile Nor th  caused manufac tu re r s  to add silicates 
to their  soap in order  to extend the supply.  The war-  
t ime and present  shortage of fats  is reemphasizing 
the value of silicates for this purpose. I t  is est imated 
tha t  the soap indus t ry  of the United States consumes 
more than  200,000 tons annual ly  of silicates calcu- 
lated to the 41 ~ Baum6 solution equivalent.  Most 
commercial  soaps now contain some silicate and some 
contain it in very  large proport ion.  

At  first silicates in soap were regarded  s imply as 
fillers which had little or no effect on the washing 
action of the soap. I t  is now well established both  
f rom careful  l abora tory  studies and continued prac- 
tical use under  a wide var ie ty  of conditions over m a n y  
years  tha t  silicates definitely improve the washing 
action of soaps under  conditions of use. Silicates of 
soda are themselves detergents jus t  as are soaps and 
the numerous  types  of new synthetic detergents.  Mix- 
tures of soap and silicates in the p roper  propor t ions  
are usual ly  bet ter  than  either alone. 

Types of Silicate. Sodium silicates are composed of 
va ry ing  propor t ions  of sodium oxide (Na20) ,  silica 
( S i Q ) ,  and  water.  More than  50 products  va ry ing  
in the ra t io  of these three components are commer- 
cially available as well as several potassium silicates. 
The characterist ics of those of most interest  to the 
soap and  detergent  manufac tu r e r  are summarized  in 
Table I. The sesqui- and metasilicates are white crys- 
talline, readi ly  soluble, definite chemical compounds 
of fixed composition. "GC" has a silica to alkali 
ratio of 2.0 and is an amorphous  hyd ra t ed  powder.  
" S S C "  is an essentially anhydrous  solid of the same 
ratio. The "GC" silicate is sp ray  dried and the 
" S S C "  powder  finely ground to provide r ap id  solu- 
bili ty.  Commercial ly  available silicates with a silica 
to alkali ra t io  greater  than  about  two are glasses 
whose silica to alkali rat io may  v a r y  continuously 
f rom two to abont  four, which is now the pract ical  
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upper  limit. Although quite soluble, these silicates 
can be dissolved satisfactori ly only by steanl under  
pressure so are sold as solutions as concentrated as 
practicable. The silicate now most commonly used by 
soapmakers  has a specific g rav i ty  of 41 ~ Baum5 and 
a silica to alkali ratio of 3.2. Tile chemistry of tile 
soluble silicates is discussed elsewhere (1, 10). 

Detergency of Silicated Soaps 
pH and Buffering Action. The phenomenon of de- 

tergency is complex and involves several factors  whose 
relative impor tance  varies with conditions. One im- 
por tan t  factor  involves the neutral izat ion of the or- 
ganic acids, sweat, and other acidic materials  in dir t  
and the saponification of fats, oil, and greases since 
these are a substant ia l  f rac t ion  of many  dirts. These 
mater ia ls  are converted to water  soluble sodium salts, 
which are readi ly  removed by  rinsing. Likewise, pro- 
teins and oil pa in ts  are usually more readily removed 
by  alkaline solutions. This requires a high p H  and 
high available alkalinity,  which should be mainta ined 
over a wide range  of concentrations and tempera tu res  
by  effective buffer ing action. Both of these are ob- 
tained by  using a suitable soluble silicate. 

In  addit ion to removing certain types of di r t  by  
neutral izat ion and  saponification, the alkal ini ty of the 
silicates prevents  the format ion  of acid soaps an d /o r  
free f a t t y  acids b y  reaction of the soap with less alka- 
line materials.  Such materials  include bicarbonates  
in water  softened by  ion exchange methods, and  car- 
bon dioxide absorbed f rom the air  as well as acidic 
dirts. Acid soaps are general ly regarded as h av in g  
little or no detergent  action in aqueous systems. 

Silicates, like other electrolytes, decrease the con- 
centrat ion at  which micelles begin to fo rm in soap 
solutions. This m a y  be impor tan t  for, as data  pre- 
sented by  Pres ton  (2) indicate, a marked  increase in 
detergent  action occurs at  about  the concentrat ion at 
which micelles begin to form. Silicates by  themselves 
do not  solubilize water-insoluble dyes. This makes it  
possible to obtain good cleaning without  fading dyed 
goods. The addit ion of silicates to a soap solution, 


