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TABLE 7 

2-Stearoyl Oleoyl Palmitin (OSP) 

VOL. 35 

Melting and Long Principal short spacings Pretreatment  transition Polymorphic form spacing 
points 

79 4.18 (VS),  3.81 (M~-) a) Melted, chilled at --3~ for 
10 rain .......................................... 

b) Melted at 60~ and allowed to 
cool slowly to R.T. during 

16 hrs ........................................... 
c) Melted, crystallized at 28~ for 

16 hrs ........................................... 
d) Melted, crystallized at 28~ for 

45 rain .......................................... 

e) Crystallized from acetone .................... 

25.5 
T 25.5-28.3 

30.6 
T 30.6-32.3 

37.2 
30.9 

T 30.9-33.0 
37.1 
37.2 

30.7 
T 30.7-32.3 

37.9 
36.1 

sub a-3 

fl'-2 
? 

t~'-2 
t~'-2 

? 

f~'-2 
B'-3 (trace fl'-2) 

44.0 

44.0 

68.9 

4.20 (VS),  3.85 (M), 4.33 (M) 

4.20 (VS),  3.85 (M), 4.33 (M) 

4.23 (S),  4.03 (MS), 3.82 (S) 
3.56 (W), 5.48 (MW) 

the present  appara tus  any  change in the specific heat 
of the sample dur ing a measurement  will influence 
the shape of the heat ing curve. 

In  our investigation all the a forms were unstable 
and changed into a higher polymorphic form. This 
new form, except for  P O P  and OSP, did not trans- 
form readily into a third form unless held for  some 
considerable time jus t  below the melt ing point of this 
th i rd  form. Wi th  P O P  a th i rd  fo rm was just  in- 
dicated at  a heat ing rate  of 1.5~ while at  
0.5~ it was very  obvious. 

Although OSP showed three melt ing zones, it was 
not (~onlparable with POP.  In  these three zones 
only two polymorphic  forms could be detected; where- 
as POP and the other glycerides existed in an a form, 
OSP had a sub-a fo rm and there was no evidence of 
an a form. To determine the pa t te rn  of the change on 
heating the sub-a form, a sample was prepared  and its 
X- r ay  pa t t e rn  determined at 15-min. intervals while 
it slowly (in six hrs.) warmed up to 32~ Only the 
sub-~ and fl'-2 polymorphic  forms were detected. 
Since, with the ins t rument  used, only strong lines 
were detected in this way, it seemed possibIc that  some 
t ransient  intermediate  fo rm might  have been missed. 

I t  may  well be that  a second-order transit ion takes 
place in OSP although a transit ion of this kind has 
never been recorded in the l i terature  for  any  tri- 
glyeeride. 

On chilling the OSP melt, the sub-a-3 form was 
always obtained whereas Imt ton  (2) claints the most 
likely form to be sub-a-2. 

In  general, the melt ing points of the various forms 
agreed reasonably well with those published by other 
workers, notably Lutton.  I t  must  be remembered 
however tha t  in this appara tus  melt ing points can- 

not be determined with high precision, with the re- 
sult that  in a few cases there was a var ia t ion of one 
or two degrees in our melt ing points and the litera- 
ture valnes. Bu t  it seemed significant that  the melting 
point of the same polymorphic  form, obtained in two 
different ways, differed considerably in at least two 
eases. 

For  example, Table I V  shows that  the fl'-3 form of 
OPP had melt ing points of 31.2 ~ C. and 34 ~ C. Table 
I I I  shows the fl'-3 form of OSS with melt ing points 
of 40.1 and 42.2~ 

The great  diversi ty of results, obtained by different 
workers in the field of polymorphism of glycerides, 
may result either f rom variat ions in the t rea tment  of 
the glycerides or f rom the presence of impuri ty .  Of 
these two, the presence of impur i ty  preseuts the great- 
er problem for  it is not easy to determine which of 
the samples described in the l i terature is the most 
nearly pure. 
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Detection and Measurement of Hydroperoxides by Near 
Infrared S p e c t r o p h o t o m e t r y  1 
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I 
N A STUDY of the near  in f ra red  spectra of f a t t y  
acids and related substances (2), unusual  absorp- 
tion maxima were noticed in the spect rum of 

methyl  linoleate hydropero~fide. I n  order to test 

1 This work was aided by grants-in-aid from the /-Iorme] Foundation, 
the Atomic Energy Commission (Contract AT-11-1-108), the Office of 
Naval Research (Contract N8 onr66218),  the National Live Stock and 
Hea t  Board, and the National Dairy Council. t tormel  Insti tute Pub- 
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whether these maxima are  specific for  hydroperox-  
ides, spectra of a series of hydroperoxides and re- 
lated substances have been measured. All the evi- 
dence gathered agrees with the assignment of the 
maxima at 2.07 and 1.46 ~ to hydroperoxidic  groups. 
These maxima, although weak, have proven to be 
useful in studies of the oxidation of unsatura ted  
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fa t ty  acids because they permit  one to distinguish 
between hydroperoxides and other substances which 
also oxidize K I  and are therefore measured chemi- 
cally as peroxide. 

9-Octadecene was p repared  f rom pure  methyl  ole- 
ate via reduction by l i thium a luminum hydr ide  to 
the alcohol, according to the method of Lightelm 
e t a / .  (5),  conversion to the corresponding bromide 
by  phosphorus tr ibromide, format ion of the Grignard 
reagent and its hydrolysis  to yield the hydrocarbon 
as described by Deatherage et r (1). The iodine 
value of octadeeene was 97.5 (theo. 100.5). The in- 
f rared  spect rum revealed the absence of hydroxyl  
groups and the presence of about 10% t rans  unsatu- 
ration. 9,12-Oetadeeadiene was prepared  in a Mmilar 
manner  f rom methyl  linoleate. I n f r a r ed  analysis re- 
vealed a small amount  of tr~'ns unsatura t ion aud "~he 
absence of hydroxyl  groups. The iodine value was 
201 (theo. 203). 

Results and Discussion 

Examinat ion  of the near- inf rared  spectra of lau- 
royl peroxide and bis (~-hydroxy heptyl)  peroxide 
revealed no significant maxima at 1.46 or 2.0'7 ff al- 
though these substances had high iodometrie peroxide 
values. The lat ter  substance exhibited strong absorp- 
tion at 1.42 /, because of the two hydroxyl  groups in 
its molecules (F igure  1). Carbon tetraehloride satu- 
rated with 30% hydrogen peroxide absorbed weakly 
at  2.81 /, in addition to the weak max imum exhibited 
by water-saturated carbon tetraehloride. The solu- 
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Fro. 1. Near-infrared spectra of substances in carbon tetra- 

chloride. Water, saturated; hydrogen peroxide, saturated; 
epoxystearic acid 30 g./L.; lauroyl peroxide 22 g./L.; his 
(a-hydroxy heptyl) peroxide, saturated; eyelohexene 50 g./L.; 
cyelohexene P. U. 3,600, 50 g./L. 
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~IR. 2. Near- infrared spectra in carbon tetrachloride solu- 
tlom Oetadecadiene 57.5 g . /L. ;  octadecadiene hydroperoxide 
31 g. /L. ;  octadeeeue 53 g . /L. ;  ozonized octadeeene 43 g . /L. ;  
methyl oleate 30 g. /L. ;  methyl oleate ozonide 36 g. /L. ;  methyl 
oleate hydroperoxide 37 g. /L.  

bility of hydrogen peroxide in carbon tetraehloride 
was insufficient to allow measurement  of the entire 
spectrum. However  the max imum result ing f rom hy- 
droperoxide groups at 2.81 /, was detected. Peracetie 
acid had about the same absorption at 1.46 and 2.07 l* 
as acetic acid (2). 

Ozone in oxygen was passed through oetadecene at 
room tempera ture  unti l  it had an apparen t  peroxide 
value at 1,580 meq./kg.  A similar p repara t ion  of 
methyl  oleate ozonide was prepared,  which had an 
apparen t  peroxide value of 1,140. These two prep-  
arat ions did not absorb specifically at 2.07 or 1.46 
/, despite their  high apparen t  peroxide values (Fig- 
ure 2). 

The autoxidatiou of cyelohexene is known to 
produce cyelohexene hydroperoxide  as its p r ima ry  
product.  A sample of cyelohexene was allowed to 
autoxidize at room tempera tu re  unti l  it had a per-  
oxide value of 3,600, which represents  20.5% oxi- 
dation. The spectra of eyclohexene and oxidized 
cyelohexene, shown in F igure  1, are quite different. 
The oxidized prepara t ion  had absorption maxima at 
1.42, 1.45, 2,01, 2.07, 2.77, and 2.81 t',, in addit ion 
to those of eyel0hexene. The maxima at  1.42, 2.01, 
and 2.77 /, indicate the presence of hydroxyl  groups, 
formed as secondary products  of the oxidation. 

A sample of methyl  oleate was allowed to oxidize 
at  room tempera tu re  to a peroxide value of about  
600, and the hydroperoxide was isolated by counter- 
current  distr ibution (6). The peroxide value of the 
prepara t ion  was 5,400 meq./kg.,  indicating about 
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89% of the theoretical value. The near : inf rared  
spect rmn of this peroxide and the parent  methyl  
oleate are shown in F igure  2. The conversion of 
methyl  oleate to its hydroperoxide caused the disap- 
pearance of the absorption maxima at  2.15 and  2.19 # 
due to cis unsaturat ion,  and new maxima appeared  
at  1.42, 1.46, 2.08, 2.77, and 2.82 t~. The hydroxyl  
maxima at 1.42 and 2.77 ff are relatively weak, indi- 
cating tha t  this prepara t ion has only a small amount  
of hydroxy  substances which appear  with hydroper-  
oxides and arc difficult to separate  f rom them. 

Octadecadiene was autoxidized at 0-2~ to a per-  
oxide value of 1,510 meq./kg.,  and its hydroperoxide 
fract ion was concentrated by  eountercurrent  distri- 
bution (6). The prepara t ion  had a peroxide value of 
6,950 (theo. 7,080) and its k2.~4 was 77.0. The spectra 
of oetadecadiene and its hydroperoxide shown in 
F igure  2 are very  similar to those of methyl  oleate 
and its hydroperoxide.  Octadecadiene offers the ad- 
vantage  over methyl  linoleate that  i t  contains no oxy- 
gen in the molecule, therefore the appearance  of 
hydrogen-bonded oxygen-containing groups as a con- 
sequence of its oxidation is not obscured. The con- 
version of the hydrocarbon to its peroxide removed 
the cis absorption at 2.15 and 2.18 ~, and new maxima 
appeared at  1.42, 1.45, 2.07, 2.77, and 2.82 ft. The 
hydroxyl  absorption at 1.42 .and 2.77 ~ was strong 
in this preparat ion,  indicating' low pu r i t y  despi te  
the high apparen t  peroxide value. 

Methyl linoleate was allowed to oxidize under  air  
at 0-2~ to a peroxide value of 935 meq./kg.,  and 
the peroxides were  concentrated by countereurrent  
distr ibution (6). The prepara t ion  was divided into 
three f ract ions  according to polarity.  F r a c t i o n  A, the 
most polar,  had a peroxide value of 3,730 and k2a4 = 

31.6. Frac t ion  B had a peroxide value of 6,040 and 
k234 = 55.0. Frac t ion  C, the least polar, had a per- 
oxide value os 6,150 and k234 = 73.3. The highly 
polar  substance present  in greatest  proport ion in 
Frac t ion  A and least in C represents  secondary 
products  of oxidation. The near  inf rared  spectra 
of these preparat ions,  shown in F igure  3, indicate 
tha t  the absorption maxima at 1.46 and 2.08 ff are 
in propor t ion to the peroxide values and that  no cis 
unsatura t ion remained. The maximum at 2.14 ff is 
caused by the methyl  ester. 

Methyl ]inoleate hydroperoxide and hydroperox-  
ides prepared  similarly f rom methyl-c is-9 ,  trans-12 
linoleate and methyl  trans-9, trans-12 linoleate were 
converted to the corresponding hydroxy  compounds 
by reduction with stannous chloride. In  all cases the 
peroxide values were reduced to less than 200, and 
the conjugated diene system remained intact  a~ 
judged by ul t raviolet  absorption spectra. The near- 
in f ra red  spectra  of these reduced hydroperoxides,  
shown in F igure  3, show intense hydroxyl  absorption 
at 1.42 and 2.77/~ and two accompanying weak broad 
hydroxyl  absorptions at 2.02 and 2.06 #. The maxima 
at 1.46 and 2.08 ff present  in the peroxides disap- 
peared a f te r  reduction. 

In  all samples tested thus fa r  in which hydroper-  
oxides are known to occur, maxima appea r  near  
1.46, 2.07, and 2.82 /~. Conversely, related substances 
in which hydroperoxide groups are not present  fail  
to have these absorption maxima. These evidences 
allow the assignment  of these maxima to t h e  0 - H  
bonding of a hydroperoxide group. 

Because of the difficulty of obtaining pure  hydro- 
peroxides, and of the measurement  of their  puri ty,  
molecular extinction coefficients cannot now be calcu- 
lated with certainty.  However, f rom the preparat ions  
described here, the following approximate  values are 
estimated: 

2.07 /t e 1.46 # 

Cyc]ohexene hydroperoxide ............. 045 1.46 
Methyl oleate hydroperoxide ........... 0.64 0.73 
Octadecadiene hydroperoxidc .......... 0.40 0.48 
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FIG. 4. T h e r m a l  d e c o m p o s i t i o n  o f  methyl o ] e a t e  h y d r o p e r -  
oxide at 100 ~ . 



A U G r : S T  1 9 5 8  t { O L M A N  ET A L . :  D E T E C T I O N  AND M E A S U R E ~ . I E N T  4 2 5  

In  an effort to ver i fy  that  absorption at 1.46 and 
2.07 ~ is proport ional  to peroxide content, a s tudy  of 
the thermal  decomposition of methyl  oleate hydro-  
peroxide was made. A sample of methyl  oleate hy- 
droperoxide, P. V. = 5,110, was divided in eight por- 
tions and sealed in vacuum ampoules. The ampoules 
were placed in a flask of water,  which was allowed 
to boil under  reflux. A t  appropriate intervals  am- 
poules were removed, the peroxide values were deter- 
mined, and the near- inf rared  spectra were measured. 
The effect of thermal decomposition upon the spectral  
absorption is shown in F igure  4. The extinction at 
2.07 and 1.46 /~ diminished l inearly with the decrease 
in iodimetrie peroxide value. However  hydroxy  sub- 
stances (1.42 ~) increased as the peroxides were 
decomposed. 
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:Fro. 5. A u t o x i d a t i o n  o f  m e t h y l  l i n o l e a t e  a t  r o o m  t e m p e r a t u r e .  

When a sample of methyl  linoleate was allowed to 
oxidize in air, the extinction at 1.46 and 2.07 /~ in- 
creased in parallel  fashion (Figure  5). Hydroxy l  
absorption (1.42/~) likewise increased as the peroxide 
value increased. When max imum peroxide value was 
attained, discontinuities in the curves for  absorption 
at 1.42, 1.46, and 2.07 /~ were observed. Thereaf ter ,  
as iodometric peroxide values decreased slowly, hy- 
droperoxide absorption at 1.46 and 2.07 ~ decreased 
slowly whereas hydroxyl  absorption at 1.42 /~ in- 
creased, indicat ing peroxide decomposition. 

The detection ancl measurement  of hydroperoxides  
by their  absorption at 2.82 /~ is possible by use of 
conventional inf rared  spectrophotometers,  but  reso- 
lution by  rock salt pr isms in that  region is poor, 
making it difficult to differentiate between the hydro- 
peroxide max imum at 2.82 ~ and the hydroxyl  maxi- 

m u m  at  2.77 ~. Some advantage may  be gained by 
the use of a quar tz  prism, but  the region of 2.7-2.9 
is the location of absorption max ima  of aldehydes, 
ketones, acids, and esters as well as hydroxyls  and 
hydroperoxides.  Fo r  this reason the present  s tudy  
centered on the maxima at 1.46 and 2.07 ~, which are 
sufficiently removed f rom other absorption ~naxima 
to make interference least likely. In  these two se- 
lected regions the resolution of the quartz pr i sm is 
sufficient to distinguish the neighboring O-H and 
OO-H absorptions. A disadvantage is tha t  these max- 
ima are not expressions of the fundamenta l  modes of 
vibration. The max imum at 2.07/~ is probably  a com- 
bination absorption and that  at 1.46 ~ is a harmonic 
of the fundamenta l  mode a t  2.82 ~. Consequently 
these absorptions are of low intensity, and they must  
therefore be measured in high concentrations or in 
long cells. The solutions used in measurements  re- 
ported here var ied between 3 and 10% in carbon 
tetrachloride. The measurement  of most of the spec- 
t ra  required 100 to 200 rag. of sample. This can be 
a l imit ing factor  in chemical studies. In  the present  
investigation hydroperoxides  could not be detected by 
spectra unti l  the peroxide value was about  500 meq. /  
kg. Detection of lower concentrations is possible with 
cells of longer l ight path. 

S u m m a r y  

Near- inf rared  spectra have been measured on a 
group of hydroperoxides  of f a t t y  acid esters and 
related substances. Only those substances having an 
- O O H  group were found to absorb a~ 1.46 and  2.07 
/~. Dialkyl peroxides and ozonized unsa tura ted  sub- 
stances had no such maxima in their  near  in f ra red  
spectra  al though they had high iodometric peroxide 
values. In  a s tudy of the thermal  decomposition of 
methyl  oleate hydroperoxide and a s tudy of the 
autoxidation of methyl  linoleate, the intensi ty of 
absorpt ion at 1.46 and 2.07 ~ paral leled the iodomet- 
rie peroxide value. 
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The Bleaching of Soybean Oil. A Spectrophotometric 
Evaluation 
M. R. ARMSTRONG, James Millikin University, ~ and C. E. IRELAND, 
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T 
H E  Q U A N T I T A T I V E  STUDY o f  bleaching agents a n d /  
or methods requires information on the amount 
of coloring mat te r  in the initial and par t ia l ly  

deco]orized oil. Since the eye is an in tegra t ing  organ, 
similar color responses can be caused by different 

1 Now ~-ith E. I. du Pon t  de Nemours Comp~.ny Inc.,  Kinston,  N. C. 

compositions of pigmentation.  Lovibond glasses nn- 
merate  what  the eye sees and hence are not suited 
for  determining the amounts of the different pig- 
meats. Spectrophotonletric evaluation was chosen be- 
cause of the intrinsic suitabil i ty of this method and 
the availabil i ty of good instruments.  


