
J A N U A R V ,  1961 T A P P E L  ET AL. :  U N S A T U R A T E D  L I P I D  P E R O X I D A T I O N  9 

dehydroascorbic  acid by  g lu ta th ione  and  the coupl ing  
of g lu ta th ione  r educ t ion  to reduced di- and  t r iphos-  
phopy r id ine  nueleot ides  by  the enzyme g lu ta th ione  
reduetase  (20) are well known.  T h r o u g h  such coupled 
systems the capaci ty  of tocopheroI would  be grea t ly  
increased.  

The n o r m a l  range  for v i t a m i n  E in  h u m a n  blood 
p lasma is 0.9-1.9 rag. per  100 ml. ; s imi la r  values  for 
ascorbic acid and  g lu ta th ione  in  whole blood are 0.1-  
1.3 and  2 5 4 1  rag. per  100 ml., respectively.  Thus  
g lu t a th ione  coupled to tocopherol  would  increase its 
l ip id  an t ioxygenic  capaci ty.  F u r t h e r ,  since g]uta thi -  
one is coupled to t issue resp i ra t ion ,  i ts  oxidat ion- 
r educ t ion  capac i ty  is ve ry  great .  

Prooxidants Other than Hematin Compounds. The 
l ip id  p r o o x i d a n t - a n t i o x i d a n t  balance f o u n d  in  n a t u r e  
is of ten more complicated t h a n  tha t  of hema t in  com- 
pounds  a n d  toeopherol.  W h i t e  muscle  disease in  lambs 
a n d  calves appears  to be a good example of a compli- 
cated v i t a m i n  E deficiency (12,18,19). Lipoxidase,  the 
on ly  known  l ip id  pc rox ida t ion  ca ta lys t  more active 
t h a n  h e m a t i n  compounds,  appears  to p l ay  an  impor-  
t a n t  role in  white  nmscle  disease which has not  been 
noted in previous  research. Feeds  charac ter i s t ica l ly  
associated wi th  whi te  muscle  disease (12,18,19), red 
beans, pea vines, and  alfalfa ,  are k n o w n  to be good 
sources of l ipoxidase (21-23) .  Lipoxidase-cata lyzed 
l ip id  pe rox ida t ion  in  the r u m e n  would  be an  impor-  
t a n t  peroxida t ive  stress. 

REFEI~ENCES 

1. Boyd, D. H. J., and Adams, G. A., Can. J. Biochem. Physiol., 33. 
191 (1955).  

2. Brown, W. D., Venolia, A. ~V., Tappel, A. L., Olcott, 7[-I. S., and 
Stansby, M, E., Comm. Fisheries Rev., 19 (5a) ,  27 (1957).  

3. Chance, B., and Williams, G. R., Adv. Enzymoh, 17, 65 (1956).  
4. Collier, H. B., and McRae, S. C., Can. J. Biochem. Physiol., 83, 

773 (1955).  
5. Crane, F. L., Glenn, J. L ,  and Green, D. E., Biochim. Biophys. 

Acta, 22, 475 (1956).  
6. Glavind, J., Har tmann ,  .q.. Clemmensen, J., aessen, K. E., and 

Dam, H., Acta Path. Microbioh Seandinav., 30, 1 (1952).  
7. Green, D. E., in "'Subcellolar Particles," Am. Physiol. Soc., Wash- 

ington, D. C., 1959, pp. 84-103. 
8. Golumbic, C., Conf. Biol. Antioxidants, Trans.  1st Conf., p. 42, 

1946. 
9. Harman ,  D., J. Gerontology. 1~, 199 (1957).  
10. Harrison, W. H., Gander. J. E.. Blakley, E. R., and Boyer, 

P. D., Biochim. Biophys. Aeta, 21, 150 (1956).  
11. Hartroft ,  W. S., J. Gerontology, 8, 158 (1953).  
12. Hogue, D. E., Warner ,  R. G., Loosli, J. K., and Willman, J. F., 

J. An Sci., I6,  1051 (1957).  
13. Lew, Y. T., and Tappel, A. L., Food Tech., 10, 285 (1956).  
14. Privett, O. S., and Quackenbush, F. W., J. Am. Oil Chemists' 

Soc., 81, 321 (1954).  
15. Maier, V. P., Ph.D. Thesis, Univ. California (1957).  
16. Maier, V. P., and Tappel, A. L., J. Am. Oil Chemists' Soc., 36, 

12 (1959)- 
17. ~loore, T., Sharman, I. M., and Ward, R. J., Proc. Nutr. Sot., 

12, v (1953).  
18. Muth, O. 1t., Oldfield. J. E., Schubert, a. R ,  and Remmert, L. F., 

Am. J. Vet Res., 20, 231 (1959).  
19. Oldfield, J.  E., Ellis, W. W., and .~Iuth, O. K., J. Am. Vet. Med. 

Assoc., 182, 211 (1958).  
20. Racker, E., J. Biol. Chem.. 217, 855 (1955).  
21. Reiser, Raymond, and Fraps, G. S., J. Assoc. Offic. Ag. Chem., 

26, 186 (1943).  
22. Siddiqi, A. ~I., and Tappel, A. L., Arch. Biochem. Biophys., 60, 

91 (1956).  
23. Siddiqi, A. M., and Tappel, A. L., Plant Physiol., 31, 320 

(1956).  
24. Tappel, A. L., Food Res., 18. 104 (1953).  
25. Tappel, A. L., Arch. Biochem. Biophys., 44, 378 (1953).  
26. Tappel, A. L., Arch. Biochem. Biophys., 47, 223 (1953).  
27. Tappel, A. L., Arch. Biochem. Biophys., 50, 473 (1954).  
28. Tappel, A. L., and Zalkin, H., Arch. Biochem. Biophys., 80, 

326 (1959).  
29. Tappel, A. L., and Zalkin, H., Arch. Biochem. Biophys., 80, 

333 (1959).  
30. Tappel, A. L., and Zalkin, H., Nature, 185, 35 (1960).  
31. Watts, Betty M., Adv. Food Res., 5, 1 (1954).  
32. Watts, Betty M., and Wong, R., Arch. Biochem.. 80, 110 (1951).  
33. Za.lkin, H., and Tappel, A. L., Arch., Biochem. Biophys., 88, 

113 (1960).  

[Received March 2, 1960] 

Solubility of Linoleic Acid in Aqueous 

and Its Reaction with Water 

Solutions 

AHMED FAHMY MABROUK and L. R. D U G A N  JR., American Meat Institute Foundation, University of 
Chicago, Chicago, Illinois 

In a study of stable emulsions of linoleic acid in 0.1M- 
KH2PO~/Na2HPO~ buffer solutions prepared by sonic vibra- 
tions, the influence of linoleie acid on pH was manifested in 
buffer solutions of pH 8.00 and decreased gradually till it 
became negligible in pH 4.50. This change in pH values was 
due to differences in solubility of linoleic acid in the buffer 
solutions. 

Ultraviolet spectra of soluble linoleie acid in buffer solu- 
tions indicated the presence of conjugated dienes, which in- 
creased with the increasing of the pH of the system. 

Unbuffered aqueous emulsions of linoleic acid had a pH 
value which ranged between 4.69 and 5.10. Saturated aqueous 
solutions, obtained by high-speed centrifugation, had concen- 
trations of 15.80 to 16.00 mg. linolelc acid per 100 ml. of 
D.I. water. 

From the solubility data and conductivity values of linoleie 
acid the apparent classic and thermodynamic ionization con- 
stants were calculated to be 6.974 • 0.023 x 10 ~ and 6.905 i-  

1Presented at the 51st Annual  ~Ieeting, American 0il Chemists' 
Society at Dallas, Tex., April 4-6, 1960. 

= American Meat Insti tute Foundation Journal  Paper  No. 204. 

0.017 • 10 .6 at 0.7~ and 1.730 ___ 0.009 • 10 -~ and 1.689 
0.007 • 10 -~ at 25~ respectively. 

The result of the chemical interaction of linoleic acid and 
water is a saturated hydroxy fatty acid. This acid gave a 
positive test for glycol groups with periodic acid oxidation 
test and appeared to be a tetrahydroxy compound with the 
exact structure unknown. 

r " ~  :HE SOLUBILITIES of the members  of the no rma l  
I s a t u r a t e d  f a t ty  acid series and  of oleie, l inoleic, 

and  l inolenie  ~ have long been know n  with 
grea t  accuracy  in  a wide va r i e t y  of organic  solvents. 
I n  1955 Kolb  a nd  B r o w n  (13) p rov ided  f u r t h e r  data  
on the so lubi l i ty  of f a t t y  acids as a guide to the i r  
separa t ion  by  low- tempera tu re  c rys ta l l i za t ion  f rom 
organic  solvents. 

The solubil i t ies  in  water  of the no rma l  sa tu ra t ed  
f a t ty  acids f rom caproie to stearic at  var ious  tempera-  
tures  between 0 ~ a nd  60~ arc repor ted  by  Rals ton  



10 THE JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCIETY VOL. 38 

and Hoer r  (18). No solubility data for  the unsatu- 
rated f a t t y  acids in water  have been reported.  

The specific conductivi ty of caproie, myristie,  pahn- 
itie, stearie, and oleie acids per se were determined 
at 100-200~ (14). The values for oleie and stearie 
acids at 100~ were 2 • 1011 and 0.6 • 10 H ohm -~ 
em -1, respectively. The marked increase in conductiv- 
i ty of oleie acid compared with that  of stearie acid 
agrees with the observation tha t  the salts of unsatu- 
rated f a t t y  acids are more s t rongly dissociated and 
therefore are bet ter  conductors than those of the 
sa turated acids of the same chain-length (14). 

Solubili ty of a f a t ty  acid in water  is accompanied 
by dissociation of the molecule into ions in a manner  
similar to inorganic acids. Dissociation of f a t ty  acids 
in aqueous solutions occurs to a much lesser degree 
than that  of s trong mineral  acids. Measurements of 
dissociation constants of monoearboxylie acids indi- 
cate a small decrease in dissociation with an increase 
in molecular weight ;  however direct comparisons are 
ra ther  difficult because of the limited solubilities of 
the higher members  of the series in water  (9,12,25,26). 
Concerning the dissociation constants of the members 
of the f a t t y  acid series, Conant (2) has observed that  
it is probable that  all f a t ty  acids have the same acid 
s t rength within the significance of the experimental  
results ( •  0.5 p K  uni t ) .  

The solubility of stearie acid in water  at 35 ~ and 
50~ is 1.17 • 10-~N and 5.77 X 10-~N, respectively 
(3). F r o m  the solubility and conductivi ty values of 
stearic acid hydrosol the dissociation constants of 
stearie acid were found to be 1.7 • 10 -'~ at 35 ~ and 
2.6 x 10 - '  at  50~ (4). 

Schauenstein and Biheller (20) repor ted that  aque- 
ous solution of linoleic acid showed a p H  of 4.6-5.1. 
Sa tura ted  solutions obtained by  par t ia l  evaporation 
of dilute solutions had concentrations of about 4.2 g. 
acid/100 ml. of water.  The semierystal  solid obtained 
by evaporat ion to dryness of the sa turated solution 
contained 10.27% and 1.05% conjugated dienes and 
trienes, respectively. La te r  Sehauenstein et al. (21. 
22) concluded tha t  ethyl linoleate as well as linoleie 
acid reacted with water,  giving a mixture  of esters 
and acids with considerable hydroxyl  content and a 
water  solubility of 0.5-0.7%. This mixture  was sepa- 
rated into three fract ions by pape r  chromatography.  
The first f ract ion was unsaturated,  contained no hy- 
droxyl  group, and was insoluble in water ;  the second 
fract ion was saturated,  contained one OH-group,  and 
was water-soluble while the third one was rich in 
OH groups and was water-soluble. 

Since a wide var ie ty  of studies, such as fa t  absorp- 
tion, autoxidation, and catalytic oxidation in aqueous 
systems, require accurate  informat ion about the solu- 
bili ty of linoleie acid in water  and buffer systems, a 
knowledge of the p K  of linoleie acid would be of 
appreciable value. Fu r the rmore  it would be valuable 
to learn whether  there is a reaction between linoleic 
acid and water.  

Consequently it was decided to s tudy the acidifica- 
tion of buffer solutions by linoleie acid and to deter- 
mine the amounts of acid soluble in each buffer sys- 
tem and in deionized carbon dioxide and ammonia-free 
water,  to determine the equivalent conductance of 
linoleic acid solution in water  and to calculate its 
ionization constant, and, fur ther ,  to demonstrate  the 
chemical interaction of linoleic acid with water. 

Materials and Methods 

Materials. Linoleie acid used in this work was ob- 
tained f rom the Hormel  Inst i tute,  Austin, Minn. I t  
had an iodine value of 181.0 (theoretieal value 181.03) 
and a conjugated diene content of 0.12%. The water  
used was deionized CO,_,- and Ntta-free (D.I . ) .  I t  
had a specific conductance of about 0.36 x 10 -6 and 
0.81 X 10 -r ohm-lore -1 at 0.7 ~ and 25~ respectively. 
Potassium phosphate monobasic and sodium phos- 
phate dibasic, both Merck Reagent  Grade, were used 
in p repa r ing  the buffer solutions. The buffer solu- 
tions were prepared  by mixing 0.1M-KHzP04 solu- 
tion with 0.1M-Na2HPO, solution unti l  the desired 
p H  was reaehed. This was measured with a glass 
electrode, using a Leeds Nor th rup  p H  meter, Model 
No. 76631. 

Preparation of Emulsion,s a~d Saturated Solution.r 
Linoleie acid (0.298 g.) was emulsified with 10 ml. 
of 0.1M-KH2PO4/Na_oHPO4 buffer solution by sonic 
waves. The diameter  of the oil-phase particles in the 
enmlsion ranged f rom 2-4 microns. The emulsions 
were p repared  in polyethylene bottles in an atmos- 
phere of nitrogen. Af te r  measuring the pH,  each 
emulsion was t ransfer red  to a polyethylene centri- 
fuge bottle and blanketed with nitrogen. The emul- 
sions were centr i fuged at  14,000 r.p.m, until  no oil 
droplets could be seen under  the microscope. Centri- 
fuging was carried out at 44~ (6.7~ to mini- 
mize autoxidation. The result ing aqueous solutions 
were siphoned and filtered through two analytical 
filter papers  No. 597, Sehleicher and Schuell Corn- 
pan3" Inc., New York, N.Y. Two 100-ml. aliquots of 
the aqueous solutions were lyophilized at 100-120 t~. 
Hg. over-night in a Stokes Freeze Dryer ,  Model No. 
2003-F-2. Free  linoleie acid content of each sample 
was extracted with diethyl ether while the acid pres- 
ent as soap was extracted a f te r  acidification with 
HC1 solution. The ether extracts  were thoroughly 
washed with D.I. water,  dried over anhydrous  sodium 
sulfate, and filtered. The ether was evaporated at 
37~ in an atmosphere of nitrogen, The acid con- 
tent of each sample was determined gravimetrical ly,  
also by t i t ra t ion with 0.01N-KOH solution. 

The ultraviolet  spectra of each sample was recorded 
by using a Beckman DK-2 recording spectrophotom- 
eter in the region 340 to 220 m#. 

To demonstrate  the chemical interaction of lino- 
leic acid with water,  0.5 g. of linoleie acid was added 
to one liter of freshly distilled D.I. water, saturated 
with ni trogen in polyethylene bottles and shaken for 
three hours at 44~ (6.7~ The emulsions were 
centr i fuged in capped centr i fuge bottles at 6.7~ 
The result ing clear solution was filtered and freeze- 
dried as stated above. The residue was purified by 
crystall ization f rom ethanol, and the crystals were 
stored under  vacuum in a desiccator painted black. 

Preparation of Sodium and Potassium Linoleate. 
Sodium linoleate solution was p repa red  by adding 
the equivalent quant i ty  of 0.01N NaOH solution 
f rom a microburet te  to a weighed quant i ty  of lino- 
leic acid in a volumetric flask mad completing to the 
mark  with D.I. water.  A number  of successively di- 
lute solutions of known concentrations (i.e., 0.01N- 
0.0005N) were p repared  f rom the initial solution. The 
prepared  solutions were t ransfer red  to clean poly- 
ethylene bottles and kept  under  a blanket  of pure  
nitrogen. A series of potassium linoleate solutions 
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ranging  in concentration f rom 0.01N to 0.0004N were 
p repared  in the same way. 

Measurement of Conductivity. Conductivi ty bridge, 
Model RC16B1 ( Indus t r ia l  Ins t ruments  Inc., Cedar 
Grove, N.J . ) ,  was used in this study. The cell con- 
stant  was calculated f rom the specific conductanees 
of KC1 solutions and resistance. Conductivi ty meas- 
urements  were made upon each solution at  0.7 ~ and 
25~ The conductivi ty of each solution was deter- 
mined three times. The values were not altered by 
standing for 30 rain. 

Characterizing Determi~ations. Unsatura t ion  was 
determined by catalytic hydrogenat ion according to 
Colson's mieromethod (1).  The hydroxyl  content 
was estimated quanti tat ively,  using the semi-micro 
method of Ogg, Porter ,  and Willits (17). The pres- 
ence of vieinal hydroxyl  groups was detected by a 
periodic oxidation test (10). J .J .  F r ie  Polar imeter ,  
Research Model, was used for  determinat ion of the 
optical rotat ion with a sodium arc as a source of 
monochromatic radiation. The neutralization equiva- 
lent was determined potent iometr ica]ly according to 
the method described by Niederl  and Niederl  (15). 
The crystals were dispersed in potassium bromide and 
pressed to a clear disk. An inf ra red  spectrum of this 
disk was made by using a Perk in-Ehner  inf rared  
spectrophotometer.  

Resul t s  and  Discuss ion  

Solubility. The solubilities of linoleic acid in 0.1M 
phosphate buffers and its apparen t  solubility in D.I. 
water  are listed in Table I. The reproducibi l i ty  of 
the results are shown by the following examples:  
a) for  D.I. water  at  6.7~ the experimental  results 
gave a value of 0.0158 g. -+- 0.0002 g. acid per  100 ml. 
of water  as an average of seven separate  determina- 

T A B L E  I 

Solubi l i ty  of L ino le ic  Acid in  D . I .  W a t e r  and  0 .1M P h o s p h a t e  Buf fe r s  
at  6.7~ 

Solvent  

A-Phospha t e  buffer  of : 
p i t  4 . 5 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p]~ 5 .00  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

p H  5 .50  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
pI-I 6 .00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

p i t  6 .50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p i t  7 .00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

p H  8 .00  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B-D. I .  w a t e r  : 
p i t  7 .18  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p H  7.38 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L inole ic  acid content  
r a g . / 1 0 0  ml. solut ion 

To ta l  F r e e  

1 .77  1 .74  
5 .10  4 .95  
6 .92  6 .71 

2 5 . 5 0  2 2 . 9 7  
3 1 . 0 0  2 7 . 5 6  
6 0 . 0 0  51 .59  
76 .00  5 9 . 7 2  

16 .00  16 .00  
1 5 . 8 0  15 .80  

P e r c e n t a z e  
of free 

l inoleie acid 

98 .31  
9 7 . 0 6  
9 6 . 9 4  
9 0 . 0 8  
88 .90  
85 .98  
78 .58  

100 .00  
1 0 0 . 0 0  

t ions; b) for  phosphate buffer p H  8.00 at  6.7~ the 
solubility was 0.0597 g. ----- 0.0003 g./100 ml. for five 
determinations.  

The values for  other buffer solutions at  a given 
tempera ture  were reproduced s imilar ly  in an average 
of 3-5 separate  determinat ions with each buffer 
solution. 

Acidification of Buffer Solutions and D.I. Water 
by Linoleic Acid. Table I I  shows the p H  values of 
both linoleic acid emulsions and sa tura ted  solutions 
at 6.7~ F igure  1 shows the change in p H  units of 
the emulsion versus the p H  of the buffer used. The 
p H  value of both emulsions and their  corresponding 
aqueous solutions were constant and did not change 
when left  for  seven days in an atmosphere of nitro- 
gen at 6.7~ 

T A B L E  I I  

p H  Va lues  of L ino le ic  Acid E m u l s i o n s  a n d  S a t u r a t e d  Solut ions  
( 0 . 2 9 8  g. of L iuo le ic  A c i d / 1 0  mh 0.1~[  P h o s p h a t e  Bu f f e r )  

! 
p i t  V a l u e s  

p H  

A-Phospha to  buffer  
4 .50  . . . . . . . . . . . . . . . . .  4 .44  
5 .00  . . . . . . . .  4.91 
5 .50  . . . . . . . . . . . . .  5 .40 
6 .00  . . . . . . . . . . . . . . .  5 .88 
6 .50  . . . . . . . . . .  6 .32 
7 .00 . . . . . . . .  6 .68 
7 .18  . . . . . . . . . . . . . .  ' 6 .78 
7 .50  . . . . . . . . . . . . . .  6 .87 
7 .86 . . . . . . . . . . . . . .  6 .95 
8 .00  . . . . . . . . . . . . . . . .  6 .92 

B-D . I .  w a t e r  
7 .18  . . . . . . . . . . . . . . . .  4 .69 
7 .38  . . . . . . . .  i 5 .10 

E m u l s i o n  

Change  

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

- - 2 . 4 9  
- - 2 . 2 8  

S a t u r a t e d  S o l u t i o n  

p H  Change  

4 .45  - - 0 . 0 5  
4 .90  - - 0 . 1 0  
5 .40  - - 0 . 1 0  
5 .91  - - 0 . 0 9  
6 .32 - - 0 . 1 8  
6 .67  - -0 .33  

6 .90 - - 1 . 1 0  

7 .00 - - 0 . 1 8  
7 .16  - - 0 . 2 2  

The data above support  the concept that  long-chain 
fa t ty  acids contr ibute hydrogen ions to aqueous solu- 
tions at p H  greater  than 5.00. The change in p H  
values was less in the case of buffer solutions with a 
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FIG.  1.  C h a n g e  i n  p H  u n i t s  o f  l i n o l e i c  a c i d  e m u l s i o n s  vs .  

t h e  p H  o f  p h o s p h a t e  b u f f e r  s o l u t i o n  u s e d .  

p H  value less than 6.00 but  increased gradual ly  till 
it reached a max imum at p H  8.00. This decrease in 
p H  value as the buffer became more alkaline probably  
resulted f rom the format ion of linoleate soaps. This 
t rend holds in the ease of oleic acid emulsions of 
0.1M-Na2HPO4/citrie acid buffer solutions (19). A 
s tudy of the change in p H  values of buffer solutions, 
water, and the amount  of oleate soaps present  has 
been reported (23). 

Table I I I  shows that  methyl  linoleate has no effect 
on the p H  of 0.1M phosphate buffer solutions. This 
supports  the concept of linoleate soap format ion in 
alkaline buffer when linoleic acid is used. 

T A B L E  I I I  

p i t  Va lues  of Methyl  L i n o l e a t e  E m u l s i o n s  
( 0 . 2 8 7  g. of Methy l  L i n o l e a t e / 1 0  ml. 0 . 1 M  Phos  ,hate Bu f f e r )  

p H  v a l u e  p i t  of Change  
of phospha te  buffer  emuls ion  

4 .50  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 .00  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 .50  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6.00  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 .50  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 .00  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 .18  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 .50  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 .50  
4 .98 ,  5 .00  
5 .48 ,  5 .50  

5 . 9 4  
6 .50  
6 .95  
7 .18  
7 . 5 0  
7 . 9 4  

0 . 0 0  
0.00  t o - - 0 . 0 2  
0 .00  t o - - 0 . 0 2  

- - 0 . 0 6  
O.OO 

- - 0 . 0 5  
0 . 0 0  
0 . 0 0  

- - 0 .06  



12 THE JOURNAL OF TItE AMERI('AN OIb CI-IEMISTS' SOCIETY VOL. 38 

Ultraviolet Spectral Characteristics of Soluble Lino- 
leic Acid in Buffer Solutions. Table I V  shows the 
molecular extinction coefficient of soluble linoleie acid 
in buffer solutions. The readings were made by using 
Spectro Grade methanol as a solvent. 

F rom the data  in Table I V  it  is evident that  the 
increase of the solubility of linoleic acid in buffer 
solutions is accompanied by an increase in the absorp- 
tion at  232.5 mr,, indicating the presence of conju- 
gated dienes. The molar  extinction coefficient at 277.5 

terminat ion of the equivalent conductance of Na 
linoleate and K linoleate at infinite dilution (Figures  
2 and 3). 

Using the modified Debye-IIfiekel equation: 

Log Kel .... = Log KTh . . . . .  -~2A~/aC 

which includes corrections for  the act ivi ty coefficient 
of each ion, the thermodynamic  ionization constant 
was calculated. The value of a used in this equation 

T A B L E  I V  

Molecular  Ex t i nc t i on  Coefficient of Soluble Linole ic  Acid in  
B u f f e r  Solut ions  at  2 3 2 . 5  a 

Linole ic  
B u f f e r  F r e e  ac id  Tota l  

l inoleic ex t r ac t  l inoleic 
solut ion ac id  f r o m  acid  

soaps  

pI-I 4.50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  442.00 284.15 396,54 
pI-I 5.00 .................................... 583.71 590,13 417 .86  
plc[ 5,50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  505.79 484.93 434.68 
pl : i  6.00 ..................................... 602.95 551.93 417.86 
p I - I  6 . 5 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  717.28 500.47 434.68 
pIZ~ 7 , 0 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  870.04 876.38 481.52 
pI-I 8.00 .................................. 1411 .57  1299.39 862.35 

a The  va lues  reported for free l inoleic acid  and  of l inoleic ac id  ex- 
t r ac t  from soaps  are from one series of exper imen t s ,  and  those for  
total  l inoleic ac id  are from ano the r  ser ies .  

m~ was approximate ly  196.3 in all samples and did 
not change af ter  the addit ion of a 5% alkali solution. 
This shows the absence of diene ketones, which fre- 
quent ly are noted as secondary products  of the autoxi- 
dation of linoleic acid. 

Apparent Ionization Constant of Linoleic Acid. As 
linoleic acid is a weak electrolyte, its equivalent con- 
ductance at infinite dilution cannot be obtained di- 
rect ly  f rom conductivi ty measurements,  but may  be 
derived f rom the Kohlrausch law of independent  mi- 
grat ion of ions (11), util izing the following relation- 
ship : 

Ao(Lino le ic  Acid) ~ Ao(HC1)  -~" A o ( N a  Linoleate)  - -  Ao(NaC1)  

The classic ionization constant  of linoleic acid was 
calculated f rom the Ostwald dilution law. The ther- 
modynamic ionization constant was calculated by  use 
of the Debye-Hiickel-Onsager equation for uni-uni- 
valent  electrolytes : 

A = Ao - (A + B no) ~/C 

where A is the equivalent conductance at  concentra- 
tion C, Ao is the equivalent conductance at infinite 
dilution, A and B are constants dependent  on the 
solvent and temperature .  The calculated values in 
this work are as follows: 

A B 
0.7~ 30.33 0.220 

25.0~ 60.20 0.229 

The procedure advocated by Davies (5,6) and used 
by Dippy  and Will iams (7,8) was followed for  de- 

9 0  

8 0  

7 0  

6 0  

"~ 5 0  

4 0  

3 0  

2 0  

o ~ C a r r e r  

�9 = U ncorrected 
\ 

""--'~ ~~ 0.7" C. 

l ~  a 3 4 6 8 e , o , , o  --2 

:Fr~.  2. C o n d u c t i v i t y  o f  s o d i u m  l i n o l e a t e  i n  w a t e r  a t  0 . 7 ~  

a n d  2 5 ~  

is the t rue degree of ionization. The values assigned 
for  the constant  A in water  at  0.7 ~ and 25~ are 
0.347 and 0.509, respectively. 

Table V shows the equivalent conductance at in- 
finite dilution for  Na linoleate, K linoleate, and lino- 
leie acid together with the apparen t  ionization con- 
stants  of lhloleie acid at  0.7 ~ and 25~ 

The values of Ao(li,oleic,cid) obtained in this work 
are reproducible as the difference between the 
A o ( K l i n o l e a t e  ) a n d  A o ( N a  lilloleate) i s  23.60 ohm -1 cm 2 at  
25~ (theoretical constant difference is 23.60) and 
14.25 ohm -1 em 2 at 0.7~ (theoretical constant dif- 
ference is 14.40) (11). 

T A B L E  V 

E q u i v a l e n t  Conduc tance  at  I n f i n i t e  Di lu t ions  f o r  Na  Linoleate,  K Linoleate ,  and  Linole ic  Acid 
a n d  the  A p p a r e n t  Ion iza t ion  Cons tan t s  for  Linole ic  Acid 

Tempera ture  Ao(N~ linoleate) Ao(K 1 inoleate) Ao(Llnoleie Acid) ~. ~C |a s s .  ]~Therm. 
~ O h m - l c m  6 O h m  - lcm 2 O h m - ' c m  j i 

0.7 ......................................... 41 .25 55.50 257.00 6 .974 -+- 0.023 X 10 -6 6.905 ~-~ 0.017 X 10 -6 
25.0 ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78.00 101.60 377.10 1.730 • 0 .009 X 10 -5 1,689 ~ 0 .007 X 10 -5 
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FIG. 3. C o n d u c t i v i t y  o f  p o t a s s i u m  l i l l o l ea to  i n  w a t e r  a t  0 . 7~  
a n d  2 5 ~  

Analysis of the Product of the Chemical Interac- 
tion of Lint)leic Acid with Water. 

Yield ................................................... 0.0158% 
Hydrogen  number  .......................... 0 
Hydroxy l  value ............................... 10.44% 
Periodic acid oxidation test ........... positive 
Neutral izat ion equivalent .............. 615.49 

F r o m  these data  it  is apparen t  tha t  linoleic acid 
reacted with water  to yield sa tura ted  hydroxy  acid 
or acids. This acid contained vicinal hydroxyl  groups 
since i t  gave a positive test  for  glycol groups with 
periodic acid while the s tar t ing  mater ia l  did not 
react with the reagent.  F r o m  the neutral izat ion equiv- 
alent and the hydroxyl  value it may  be assumed that  
the result  of the interact ion of linoleic acid and water  
is not dihydroxystear ic  acid. The optical act ivi ty of 
the acid was too low to be determined with certainty.  
I t  must  be a complex mixture  as linoleic acid con- 
tains four  asymmetr ic  centers. The position of the 
O H  groups has not been established. The acid ab- 
sorbed s t rongly in the ul traviolet  region 205-340 m~ 
but  did not show any  max imum absorption at  any  
wavelength even a f te r  the addit ion of alkali. This 
also confirmed the absence of double bonds. 

Infrared Spectral Analysis. All position isomers of 
dihydroxystear ic  acids show strong absorption around 
3400 cm -1 and a series of medium st rength bands be- 
tween 1000 and 1200 cm -1 corresponding to the 0 - H  

stretching vibrat ions and C - O  stretching and /o r  de- 
format ion  vibrations, respectively (16,24). Also the 
1180 to 1350 cm ~1 region shows only weak bands with 
no appa ren t  regular i ty  (24). 

F igure  4 shows the in f ra red  spectra of the hy- 
droxy acid. Examina t ion  of this spectra showed a 
s t r o n g  a b s o r p t i o n  b a n d  a t  3 3 7 5 - 3 3 9 0  cm -1 corre-  
sponding to O - H  stretching vibrations. The band at 
2880-2900 em -1 is caused by C - H  stretching. The 
presence of chelated hydroxy  acids in the sample was 
indicated by the absorption band at 1608-1612 cm -1. 

FIG. 4. I n f r a r e d  a b s o r p t i o n  s p e c t r a  o f  t h e  h y d r o x y  f a t t y  
a c i d  o b t a i n e d  b y  l y o p h i l i z i n g  t h e  s a t u r a t e d  a q u e o u s  s o l u t i o n  o f  
l ino le ie  a c i d .  

The inf rared  spect rum is comparable with that  f rom 
dihydroxystear ic  acid. However  any  acid containing 
vicinal d ihydroxyl  groups would give a comparable 
spectrum. The physical properties,  compositional data, 
and inf ra red  speetrunl indicate a compound with a 
molecular weight approx imate ly  twice that  of dihy- 
droxy stearic acid but  with only one carboxyl group. 
This would connote a t e t r ahydroxy  compound or com- 
pounds in the reaction mixture.  
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