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ing way. If ,  for  a given time-interval,  the measured 
increase in iodine absorbed by the oil in 100 seeds is 
divided by  the appropr ia te  increase in weight of oil, 
the quotient can be considered the iodine value of the 
new oil. When the safflower data were tested in this 
way, the iodine value of the new oil ranged f rom 133 
to 207 with a mean of 155 for  14 items and with the 
highest values occurring between the thir t ie th and 
fort ieth days. An iodine value greater  than 181, in 
the presence of only dienoic f a t ty  acids, suggests the 
operation of an al ternat ive to de n o v o  synthesis. The 
iodine value of 207 was however an isolated instance. 
With  flax, the iodine value of the new oil, calculated 
in this manner ,  ranged f rom 176 to 255, with a mean 
of 190 for 18 items. Again the highest values occurred 
toward the mid-point  of development.  The presence 
of linotenie acid in flax obviates the necessity of 
invoking the desaturat ion hypothesis. 

The dynamic state of lipids in plant  tissue means 
that  any  observed change in unsa tura t ion  is, of neces- 
sity, the result  of concurrent  anabolism and catab- 
olism. I t  is therefore incorrect  to speculate on the 

occurrence of desaturat ion or to a t t r ibute  changes in 
iodine value to de n o v o  synthesis without knowledge 
of the turnover  numbers  of the various f a t t y  acids 
at progressive stages of development. 
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Reactions of Ozone.V.' A New Method of Determining 

Unsaturation Values of Fatty Acids and 

Oils by Ozone 2 

A. MAGGIOLO and A.L. TUMOLO, The Welsbach Corporation, Philadelphia, Pennsylvania 

F 
oR YEARS a simple, reliable, quant i ta t ive method 
for determining olefinic unsatura t ion has been 
sought. Exis t ing methods such as bromination, 

iodination, catalytic hydrogenation,  and peroxide re- 
actions have their  specific l imitations as discussed by 
numerous investigators (1,2,5,6). However,  for many  
olefinic compounds, ozone is an excellent t i t r imetr ie  
reagent  (5).  Boer and Kooyman (3) have shown that  
ozonization could well supplan t  these other methods. 
Their  procedure  can be simplified by using commer- 
cially-available appara tus .  The analysis is based on 
determining the t ime required to t i t ra te  a sample of 
olefin with a s t ream of ozonized air containing a known 
amount  of ozone. Three things are necessary: a con- 
s tant  s t ream of ozonized air, complete absorption of 
the ozone, and precise recognition of an end-point. 

Experimental 
A schematic d iagram of the equipment  is shown in 

F igure  1. Clean d ry  air is supplied to the Model T-23 
labora tory  ozonator. 3 Using 0.02 c.f.m, of air, the 
applied voltage 4 is adjusted to ca. 90 V., to give 15 
to 20 rag. of ozone per  minute.  Precise control of gas 
flow is assured with the stainless steel needle 5 valve 
and the external  flow meter. 6 

1 For preceding paper in this series see Ref. 4. 
Presented at the 50th meeting, American Oil Chemists' Society, New 

Orleans, La., April 22, 1959. 
s The Welsbach Corporation, Philadelphia, Pa. 
4The ozonator operates on s tandard llh-volt ,  60-cycle A.C. Line 

voltage variations greater than 1% will adversely affect ozone pro- 
duction; in these cases a constant voltage supply is recommended. 

5 tIoke Inc., Cresskill, N.J., No. 332. 
a Emil Greiner Company, New York. Cat. No. 69144B is used with 

the ss float. 

Ozone product ion is determined by absorbing the 
ozone in neutra l  2% K I  solution for a measured 3 
rain. Af te r  acidification, the l iberated iodine is ti- 
t ra ted  with 0.1 N thiosulfate. The ozone rate  is cal- 
culated in nlg./min. The ozone product ion should be 
rechecked periodically, before and af ter  each series 
of deternlinations. At  this low product ion rate  it is 
not necessary to have a glass f r i t  on the gas-washing 
bottle, but  a tube drawn to ca. 1 ram. i.d. capi l lary 
disperses the gas sufficiently to give complete absorp- 
tion. There is very  little back pressure in the systenl 
without a frit ,  making it easier to mainta in  the same 
flow rate for determining the ozone product ion and 
for determining the unsaturat ion in the sample. Com- 
plete absorption of ozone for  a par t icular  modified 
dispersing tube can be checked by placing a second 
regular  absorber in series. 

Complete absorption of ozone is obtained in a 
" M i n i  Lab"7  gas-liquid reactor.  The s t i r r ing speed 
(ca. 2,500 r.p.m.) is adjusted to raise the liquid level 
to 1 cm. f rom the bot tom of the glass joint  while the 
flask is cooled to - 5 0 ~  Care should be taken to 
avoid forcing liquid into the ground glass joint  at the 
top of the reactor.  

To car ry  out a determination,  a sample containing 
6 to 7 milli-equivalents of double bond is weighed 
accurately into the reaction flask and dissolved in 
35 ml. of chloroform. The solution is held at --45 
to -55~  using a dry-ice acetone bath. Af ter  the 
ozone product ion rate is determined, the ozone s t ream 

Ace Glass Inc., Vineland, N.J- 
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is passed into the s t i rred reaction vessel and the time 
is s imultaneously recorded. The end-point is indi- 
cated by  the appearance  of a distinct yellow color of 
the K I  solution, and simultaneously by the appear-  
ance of a blue color in the reactor because of excess 
ozone. The end-point was found consistently to occur 
0.4 of a minute  early. This correction should be de- 
termined on a mater ial  of known high pu r i ty  and 
applied to the readings of the unknown sample. 

T A B L E  I I  

Subs t ance  
I Ozone va lue  
�9 ca lcula te4  

f rom I .V.  
i 

Olive oil a ..................................................... [ 16.4 
S e s a m e  oil a ................................................. I 21.3 
Safflower oil a .............................................. 27.1 
Tall  oil b (FA,  No. 2)  .................................. 24.3 
Tall  oil r ( P a m a k  1) .................................... 23.9 

Ozone v a l u e  
found  

16.3, 16.5 
21.7, 21.7 

i 27.5, 27.5, 27.8 
i 24.3, 24.5 

23.8 

a F u r n i s h e d  by W.C.  Ault,  U .S .D.A.  
b F u r n i s h e d  by  Ar izona  Chemica l  Company .  
e F u r n i s h e d  by Hercu l e s  P o w d e r  Company .  

Results 

The results given in Table 1 are expressed a~ 
"Ozone  Va lue , "  i.e., the number  of grams of ozone 
absorbed per  100 g. of materials.  

All the compounds listed in Table I are bet ter  
than  99% pure, as analyzed by gas phase chroma- 
tography.  The diethylene glycol succinate column 
separates the methyl  esters of mixed f a t t y  acids 
except for  cis, trans isomers which do not affect the 
unsa tura t ion  content anyway.  

The limited number  of determinations given on 
octene-1 were made on four  separate days and indi- 
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cute the reproducibi l i ty  of this method. The stand- 
ard deviation is 0.8%. 

The compounds listed in Table I I  are typical  oils, 
and actual  ozone values are given beside the ozone 
values calculated f rom iodine values found, using the 
Wijs  method. 

The miscellaneous compounds listed in Table I l I  
were highly purified by repeated distillation and 
found by  gas phase chromatography  to be more than 
98% pure.  

Discussion 

This proposed analytical  determination elinfinates 
most of the l imitations and failings found in the 

TABLE I 

Compound 

Methyl  oleate a ................................. 
Linole ie  acid b ................................. 

Methyl  l inolenate  c . . . . . . . . . . . . . . . . . . . . . . . . . .  
Octene-1 a ........................................ 
Oetene-1 a ....................................... 
Octene-1 a ........................................ 
Octene-1 a ........................................ 

Ozone 
va lue  

theory  

16.2 
34.2 

49.2 
42.8 
42.8 
42,8 
42.8 

Ozone % Unsa t .  
va lue  of  
found  theory  

16.2, 16.4 100.6 
34.2, 34.4, 100.5 
34.4, 34.5 
49.2, 49.5 100.3 
42.8,  42.4 99.6 
42.4, 42.4 99.1 
42.3,  42.9 99.5 
43.1, 43.2 100.8 

a Suppl ied  by  Appl ied  Science Labo ra to r i e s  Inc .  
b Suppl ied  b y  M a n n  R e s e a r c h  L a b o r a t o r i e s  Inc .  
c Suppl ied  by  The  H o r m e l  In s t i t u t e .  
a Suppl ied  by  Ph i l l ips  P e t r o l e u m  Company .  Since  the i r  P u r e  Grade  

is 99 mole % m i n i m u m  and  re la t ive ly  inexpens ive ,  i t  is r e commended  
f o r  s t a n d a r d i z i n g  a n d  check ing  the  p rocedure .  

current  bromine and iodine number  procedures. The 
presence of t e r t i a ry  hydrogens as in a-pinene does not 
cause the high vary ing  results found in the bromine 
technique. The determination of olefinic unsatura-  
tion in the presence of an activated aromatic  ring, 
as in isosafrole, is also shown to be feasible. 

Samples containing small amounts of conjugated 
unsaturat ion,  such as tall-oil f a t t y  acids, can be satis- 
factori ly determined. However,  if a substantial  per- 

T A B L E  III 

C o m p o u n d  Ozone va lue  Ozone va lue  
t h e o r y  f o u n d  

I s o s a f r o l e "  ............................................. 29.5 29.0, c 29.7, c 29.1 �9 
a-Pinene b ............................................... 35.3 36.1, 35,6 

a F u r n i s h e d  by Shul ton  Inc .  
b F u r n i s h e d  by H e r c u l e s  P o w d e r  Company .  
e The  solu t ion  in  the  reac to r  does no t  t u r n  b lue  because  no t  e n o u g h  of  

excess  ozone  f o r m s  in  the  r e a c t o r  a t  the  end-po lnt .  The  end-poin t  is  
i nd i ca t ed  only by  a c h a n g e  in color in  the  K I .  T h e  excess o z o n e  reac t s  
w i t h  the  ac t iva t ed  a r o m a t i c  r ing ,  b u t  in  apprec i ab le  qua n t i t i e s  only  a f t e r  
the  s ide-cha in  double bond  is  consumed.  

tion of the unsa tura t ion  is slow in reacting, as in the 
remaining double bond of a conjugated system such 
as 2,5 dimethyl,  2,4 hexadiene, or in sterically-hin- 
dered compounds (4),  a slight loss of ozone into the 
K I  solution occurs. With  these slow-reacting com- 
pounds the end-point is obscured, and this method is 
not applicable. In  such cases ozone concentration can 
be determined by using an ozone meter. Plot t ing 
ozone concentration versus  t ime gives an end-point 
as a sharp break in the curve. The integrat ion of 
the area under  the curve gives the total absorbed 
ozone. A more complete discussion of the applica- 
bility of ozone t i t ra t ion to various unsa tura ted  com- 
pounds is given by Boer and Kooyman (3).  

The l i terature  contains s tatements  to the effect tha t  
all ozonides are dangerously unstable. However  this 
is not true, par t icu lar ly  when the materials  are in 
dilute solution and not evaporated to dryness. A few 
simple precautions assure safe handling of dilute 
ozonide in chloroform. Volatile peroxides f rom suc- 
cessive runs  should not be permit ted  to accumulate 
and concentrate in a vapor  t rap.  Fu r the rmore  the 
ozonolysis products  are in dilute solutions and can 
be disposed of by  means of a water  drain. For  a 
few compounds, such as butene, in which higher- 
oxygen-to-carbon ratios than pentene ozonide (03/C5) 
are encountered, some special precautions should be 
employed, such as a labora tory  protective shield. 
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