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Quali tat ive evidence has been obtained in the course 
of the isolation and purification of 2-undecenal of tile 
presence of the decomposition mixture  of analogs and  
homologs of this aldehyde. Aldehydes of the type  rep- 
resented by 2-undecenal readily undergo oxidation, 
reduction, and isomerization thus making it possible 
to account for  m a n y  of the end products  which have 
been qual i tat ively and quant i ta t ively  identified in 
various types of oxidizing fa t  systems. 

R E F E R E N C E S  

1. E.  H .  F a r m e r  and  D.  A. Sut ton ,  J .  Chem. Soe., 1943, 119-122.  

2. J .  L.  Bol land  and  n .  P .  Koch,  J .  Chem. Soc., 1945, 445-447.  

3. C. E.  Swif t ,  F. G. Dol lear  a n d  R.  T. O 'Connor ,  Oil & Soap g3,  
355-359 ( ] 9 4 6 ) .  

4. J .  n .  Robe r t s  and  C. Green,  J .  Am. Chem. Soc., 68, 214-216 
( 1 9 4 6 ) .  

5. E.  E .  Bla i se  and  G. O ue r in ,  nu l l .  Soc. Chem. 3, 29, 1202-1208 
( 1 9 0 3 ) .  

6. l ) .  A the r ton  and  T.  P .  n i l d i t c h ,  J .  Chem. Soc., 1944, 105-108.  

7. F. l) .  G u n s t o n e  and  T. P .  n i l d i t c h ,  ibid., 1946, 1022-1025.  

The Hydrolysis of Soap Solutions. II. The Solubilities of 
Higher Fatty Acids 
/UCIL/E M. JOHN* and JAMES W. McBAIN, Stanford University, California 

I N studying the hydrolysis  of soap systems, some 
investigators state that  the f a t ty  acid formed is in 
excess of its saturat ion value ill certain concentra- 

t ions;  others state tllat it is always less. The first step 
is to determine what  tlle saturat ion values actual ly  
are. 

In  general, there haw; been few available data  for  
the sohd)ilities of the higller f a t ty  acids though sonic 
isolated vallms are given in the l i terature.  In  1942 
Ralst(m and l l oe r r  (1) determined tlle sohd)ilitics of 
the ln)rmal sa tura ted  f a t ty  acids f rom C~-Cjs in water  
and in a mnnt)er of organic s<>lvents at the tempera-  
tures 0, 20, 30, 45, and 60~ Sa tura ted  sohltions of 
the acids made with Col~duetivity water  were t i t ra ted  
with ba r ium llydroxide, using I>helmlphthalein as indi- 
cator. Tile authors  appa ren t ly  made no correction for  
carbon dioxide, neglect of which wouht lead to high 
results. 

Experimental 
The solubilities of capric, laurie, myrist ic,  palmitic,  

and stearic acids in water  were determined at 25 ~ and 
500C., using a conduct ivi ty  method. Sa tura ted  solu- 
tions of the pure  K ah l baum  acids (except E a s t m a n ' s  
capric and some Lepovsky ' s  especially p repa red  my-  
ristie) were p r epa r ed  b y  adding crystals  of the acids 
to conduct ivi ty wa te r  in 100 ml. or 250 ml. J ena  glass 
bottles. They were heated on a water  ba th  to about  
60-70~ for  half  an hour  or longer, with in te rmi t ten t  
shaking, then allowed to stand, usual ly  24 hours  or 
longer. Crystals  of caprie and laurie acids separa ted  
on cooling, leaving the solutions perfect ly  clear. Ex-  
cess myrist ic,  palmitic,  and stearic acids in finely di- 
vided form often remained suspended in the solutions, 
making them appea r  cloudy. 

The conduct ivi ty  of these solutions was determined 
by  use of a Grinnell  Jones-Dyke type  of br idge sup- 
plied b y  Leeds and Nor thrup ,  with an oil thermos ta t  
at 25~ -+- 0.01 ~ and 50~ • 0.05 ~ Bottles of solu- 
tion were allowed to come to the desired t empera tu re  
in the thermostat ,  then the conductivi ty cell was filled. 
The reading was taken a f te r  about  15 minutes. The 
resistance did not remain  constant bu t  changed ahnost  
continuously even over a period of several hours. The 
values usually, bu t  not always, increased with time, 

* Present  address: D u e h e s n e  College, O m a h a ,  Nebr .  

probab ly  due to sorption of the dissolved acid. The 
cell was rinsed with acetone to remove any sorbed 
acid before reiillillg it for  anotller trial.  

The resistance given for  tile acids in Table I is the 
average of f rom 5 to 10 measurements,  rounded off 
to two or three significant figures, l)eviation f rom the 
mean ranged f rom 0.7% in tile case of capric and 
laurie acids, to about  7% in tile case of stcaric and 
l)ahnitic acids at 25~ where the sohll)ility is very  
low. 

Tile cqnivalcut e.lmductivitics for  tlle acids at 25 ~ 
and 50 ~ were obtained f rom tile values of l~lmbury 
and Mar t in (2 )  and of Goniek (3). Some of tile mo- 
bilities were known at 25 ~ a m / a t  90~ and the val- 
ues at  50 ~ were calculated by  l inear interpolation. 
The equivalent conduetivities used at 25 and at 50~ 
were tile following: 

25" 50 ~ 

I [ y d r o g e n  i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 4 9 . 8  4 7 8  
C a p r i e  a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 7 4 . 7  5 1 9 . 2  
L a u r i e  a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 7 3 . 3  5 1 7 , 4  
M y r i s t i c  a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 7 2 . 3  5 1 6  
Palmitie acid ............................ 371.4 514.7 
Stearic acid ............................... 370.7 513.6 

The method of calculation was that  used by  Mc- 
Bain and Taylor  (4).  The following calculation for  
the solubili ty of pahni t ic  acid at 50~ il lustrates the 
method used for all. Tile cell constant  was 0.02895. 
The specific conduct ivi ty of water  at  50 ~ was 1.47 }( 
10 6 (at  25 ~ it was 0.72X10-G), and tha t  of the satu- 

0.02895 
ra ted  palmit ic  acid solution at 50~ was 

13,200 
2.19 X 10 _6 mhos. The conductivi ty of conduct ivi ty 
water  is assumed to be due to the H § and HC03-  f rom 
dissolved carbon dioxide. Therefore the dissolved pal- 
mitic acid slightly increased the I t  + concentrat ion and 
decreased the t IC03-  concentration. The difference 
between the increased hydrogen ion concentration, 
CH § and the decreased t IC03-  concentration, Cnco3- 
would be equal to the concentrat ion of the free pal- 
mitate ion, Cp-. In  the above measurements  the con- 

2.19 
duct ivi ty  of palmitic acid is ~ times tha t  of water.  

I f  V~ is the volume in liters containing one mole of 
acid completely dissociated, and A is the equivalent 
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conductivity, then A x - -  - -  

1 
and Ca § = 

VI" 

2.19 X 10 -~ 
C I t  + 

514.7 
per liter 

2.19 
Cp- ~-- \1 .47  - - - - - -  

2.35 X 10 -~ M. 

1 
Ve~ - -  specific conductivity, 

X 1 0 3 = 4 . 2 6 ) < 1 0  -r moles 

1.47 ~ 1.47 X 10 -s 
2.19 ) 514.7 - X 10 "~ - ~  

In pure water C~+-~- ~ Cp- = ~/4.26 )< 2.35 )< 10-~s----- 
3.16 )< 10 -6 M. F rom the ionization equilibrium of the 

(~2 S 
acid we get - - K ,  where a is the degree of ioni- 

1--a 
zation of the acid, s is the solubility of the acid in 
moles per liter, and K is the ionization constant of 
the acid ~ (1 .2X10 -5 at 25 ~ and 1.13.><.10 -~ at 50~ 
Then a s = 3 . 1 6 X 1 0  -~, and solving the above equa- 
tion for s, we get s = 4.05><.10 -6 M, 

Cn + ~ 3.16 X t0 -6 M, the concentration of 
dissociated acid 

Cap ~ 0.89 )< 10 -6 M, the concentration of 
undissociated acid. 

This method of correcting for carbon dioxide makes 
a very slight difference in the case of the more soluble 
capric and laurie acids but makes a significant differ- 
ence for palmitic and stearic acids. Total solubility, 
the concentration of dissociated acid expressed as Ca +, 
and tile concentration of undissoeiated acid are given 
in Table 1. 

McBain and Taylor (4) found the solubility of pal- 
mitic acid at 90~ to be 1.2 X 10 -s M. C. C. Addison 
(5) reports the solubility of eapric acid as 0~0050% 
(2.9 X I0 -~ M) at 20 ~ by surface tension measure- 
ments. McBain and Eaton (6) gave the solubility of 
laurie acid as 1.88 X 10 -~ M, using the same method 
that is used here. Ralston and IIoerr (1) give the 
solubility of lauric acid at 20 ~ determined only by  

* T h i s  w a s  deduced  f r o m  the t e m p e r a t u r e  coefficient of the  dissocia-  
t ion cons t an t  of ~cetie ac id  be tween  25 ~ and  90 ~ a n d  f r o m  the dissoci-  
a t ion cons tan t s  of the  homologous  se r ies  of f a t t y  ac ids  up  to capry l ie  
acid  at 25" ,  w h e r e  the  c h a n g e  wi th  i n c r e a s i n g  molecu la r  w e i g h t  has  
hecome v e r y  small  ( 4 ) .  I f  a more  a c c u r a t e  "calve fo r  t he  d issoc ia t ion  
cons t an t  should be suppl ied  (a  smal le r  va lue ;  it c anno t  well be l a r g e r ) ,  
th is  wou ld  inc rease  the  ~ a l a e s  ca lcula ted  he re  fro" the solubil i ty of the  
f a t ty  ac id  a n d  r e n d e r  i t  still less possible fo r  neu t r a l  soap  solut ions  to 
yield e n o u g h  f ree  f a t t y  ac id  to s a t u r a t e  the wa te r .  

titration, as 0.0055 g. per 100 g. of water (2.7 M 10 -4 
M), and at 60 ~ 0.0087 g. per 100 g. of water ( 4 . 3 X  
10 -4 M) ; their values are in general five to ten fold 
greater than found here, which may be due to their 
failure to take into account carbon dioxide in their 
method of analysis. 

The concentration of fatty acid present in soap 
solutions of a range of concentrations was calcu- 
lated, using pH values to be published in another 
communication, and found to be always less than the 
saturation concentration'as determined by  these ex- 
periments. 

TABLE I 

The  Res i s t ance ,  Specific Conduc t iv i ty ,  Tota l  Solubil i ty,  C o n c e n t r a t i o n  of 
D i s soc ia t ed  a n d  Und i s soc in t ed  Acid, in  S a t u r a t e d  Solu t ions  

of Some P a t t y  Acids  a t  25 ~ a n d  50~ 

Acid 

Cupr ic  .. . . . . . . . . . . . . . . . . .  

L a u r i c  .................... 

Myr i s t i c  
K a h l b a u m  .......... 
L e p o v s k y  ............ 
K a h I b a u m  .......... : 

P a l m i t i c  ................. 

S tear lc  ................... 

Te~l 
Q .. 

25 
50 

25 
50 

~5 
Z5 
50 

25 
50 

25 
50 

Spec.  
Res is t .  Cond'y 
( o h m s )  x 106 
_ _ .  _ mhos 

1280 22.6  
810 35.7 

6300 4.60 
2790 I 10.4 

21000  1.38 
18000  1.61 

9000  3.22 

24000  1.20 
13200 2.19 

27000  I ,(17 
15500 1.86 

T~  I C~}+ 
Solub 'y  I 
x l o n g  - - - - _ _  

359 I 60 
500 I 68.8 

24.0 12.1 
54.7 19,8 

4.2 } 3.3 
5.1 3.9 
9.7 6.2 

I 
3.2 I 2.6 
4.0 I 3.1 , 

I 

2.1 ! 1.8 
2.7 2.3 

Conc'n 
U n d i s .  

A c i d  

300 
431  

11.9 
34.9 

0.9 
1.2 
3.4 

0.6 
0 .89  

0.3 
0.44 

Summary  
The solubilities of eaprie, laurie, myristic, palmitie, 

and stearie acids in water at 9.5 ~ and 50 ~ were 
determined by use of eondlmtivity measurements. 
Correction was made for carbon dioxide; and total 
solubilities, together with the concentration of dis- 
sociated and of undissoeiated acid were calculated. 
Their solubilities range from 359 X 10 -~ M for  eapric 
acid to 2.1)<10 " l for stearic acid at 25~ The solu- 
bility of laurie and myristie is approximately doubled 
by an increase of temperature from 25 ~ to 50~ that  
of caprie, pahnitie, and stearie acids increases by  25 
to 40%. 
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