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I N F R A R E D  absorpt ion stndies have been found 
useful  in many  investigations, bu t  very  little has 
been reported in the l i terature  concerning the use 

of inf rared  spectrost 'opy in a s tudy of the autoxida- 
tion of fats  and f a t t y  acids. Gamble & Barnet t  (1) 
have exanlined the in f ra red  absorption of methyl  ale- 
ate and methyl  elaeostearate before and a f te r  expo- 
sure to ultraviolet  light arid found strong absorpt ion 
at 3.4 ~ (2900 eln ~), which shifted toward higher fre- 
quencies aftc," i r radiat ion with ultraviolet .  This they 
a t t r ibu ted  to the introduction of hydroxyl  groups. 
IIonn,  Bezman, and Dauber t  (13) have studied the 
inf rared  absort)tion of hydroxy compounds formed in 
autoxidizing linseetl oil. They found a nmxinlum ab- 
sorption at 2.9 /z (3420 cm ~) which they a t t r ibu ted  
to hydroxyl ,  earboxyl,  and hydroperoxyl  groups. 

E x p e r i m e n t a l  
A series of samples of autoxidized methyl  linoleate 

were p repared  in the range f rom peroxide value (PV)  
1 to PV 940 m.e./kg, by  bubbl ing air  through methyl  
linoleate at 98~ The samples were sealed in evacu- 
ated ampules and stored in a ref r igera tor  until  the 
time of use, which was a number  of months a f t e r  
preparat ion.  Conceivably, fu r the r  changes could oc- 
cur in the stored samples, bu t  it is thought  the in- 
terpreta t ion would remain grossly the same since the 
absorpt ion curves corresponded well with those ob- 
tained in pre l iminary  investigations. For  compara-  
tive purposes spectra were determined on oxidized 
lnethyl linoleate and on a portion of the same sample 
reduced to a PV of 0 by  t rea tment  with K I  reagent.  
The reduced samples were washed with water  to re- 
move the acetic acid, dried with sodiunl sulphate, 
filtered, and the chloroform removed under  reduced 
pressure.  

Spectra  were also determined on fract ions f rom 
an adsorpt ion cohunn on which the oxidized esters 
were concentrated as reported by  Dugan, Beadle, 
and t Ieniek (2). 

The absorption curves were obtained on a Perkin  
Elmer  Recording Spectrometer,  using a l i thium flu- 
oride pr ism to give higher resolution than was ob- 
tained in pre l iminary  studies with rock salt prisms. 

The samples were studied as liquid films in 0.1 ram. 
and 0.025 ram. thicknesses. Ear l ier  investigations of 
autoxidized f a t ty  acid esters, including methyl  lin- 
oleate, showed that  principal  changes occurred in 
two regions: at 3400-3550 em -~ where - - O H  groups 
absorb and at 1650-1775 cm --~ where C ~--- 0 groups 
absorb. Accordingly, measurements  for  this s tudy 
were made in only these two regions. The measure- 
nlents in the 3400 em t region were made on the 0.1 
ram. samples. I t  was necessary to reduce the sample 
thickness to 0�9 rain. to study the absorpt ion ill the 
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1700 cm x region. No studies were made of the effect 
of the autoxidat ive reaction on tile double bonds since 
the l i thium fluoride t)rism is not effective below 1650 
e l n  -1. 

R e s u l t s  a n d  D i s c u s s i o n  
The effect of oxidation on lhe absorption by  - - O H  

groups is shown ill Fig. 1. A eolnmou absorpt ion 
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Fro.  1. I n f r a r e d  a b s o r p t i o n  c u r v e s  s h o w i n g  t h e  e f fec t  o f  in- 
c r e a s i n g  o x i d a t i o n  in t h e  ~ O t t  a b s o r p t i o n  r eg io n .  

1�9 P V  1. 2. P V  240. 3. p~,r 410. 4. I )V 587. 5. 1iV 940. 

band exists for  al l  samples observed at  3467-70 em -~ 
with the lower f requency predominat ing in t i le  sam- 
ples most highly oxidized. This band is believed to 
be due to hydroxyl  groups in the molecules. That  
hydroxyl  groups can be formed by  an intermolecular  
reaction between a hydroperoxide group and a dou- 
ble bond in another  molecule has been discussed 
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by F a r m e r  (3)�9 Swift  and Dollear (4) fonnd that  
d ihydroxy compounds resulted f rom an interact ion 
of methyl  hydroperoxido oleate with oleic acid�9 

Other samples have been observed in which the 
band was missing or much less intense than  in the 
curve shown for  methyl  linoleate with a PV of only 1, 
The intensity of the band  in this sanlple is believed 
to be due to one of two factors:  par t ia l  oxidation 
and breakdown of the hydroperoxide formed dur ing 
processing of the ester or to interaction dur ing  the 
storage period of the sample. I t  would appea r  then 
that  in f ra red  absorpt ion in this region should serve 
as a criterion of pu r i ty  of a fa t  with respect to oxi- 
dation effects�9 A t ru ly  fresh fa t  with no oxidation 
should exhibit  no absorpt ion in this f requency range. 

In  addit ion to the band  which is common to all 
samples, there is a broad band which becomes more 
intense with increasing PV of the samples until  it 
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FiG. 2. Effect of HI reduo, tion of autoxidized methyl linoleate, 
in the - -OH absorption region. 

1. PV 500. 2. PV 205. 3. P u  560 reduced to 0. 4. PV 205 
reduced to 0. 

is resolved into a true maximum at 3430 em -~ as 
illustrated in the curve for the ester having a PV 
of 940 m.e./kg. This maximum shifts from a fre- 
quency of about 3445 to 3430 em -~ with increasing 
peroxide value of the oxidized esters. As will be 
shown later, this band is believed to be due to the 
hydroperoxide groups in the molecule and the fre- 
quency shift to lower frequencies due to an "associ- 
a t ed"  state which is enhanced by the increase of 
both the - - O H  and - - O O I I  groups in the molecules. 
This was pointed out by Barnes, Liddel, and Wil- 
liams (5) who stated, " ' f r e e '  hydroxyl vibrations, 
where the hydrogen is not affected by any atom ex- 
cept the oxygen to which it is bound, have a char- 
acteristic absorption between 3700 and 3500 cm -~. i f  
the material is concentrated so that  'hydrogen  bond- 
ing '  can occur, this absorption becomes broader and 
stronger and moves to lower f requency."  

I t  is believed the a s s o c i a t i o n  referred to above 
could occur in a number  of ways in molecules hav- 
ing - 0 0 H  groups, but  since the hydroperoxides are 
fair ly stable substances, they may stabilize by asso- 
ciating in the following manner :  

I ' ~ ' 
- - ( "  : C - - ( ' , : -  ~ ' . - - ( ~ - -  

I 
O - -  O - -  H 
( 
I 

I t  - -  O - -  O 

I 
- - ( ' :  : C - - ( ~  - - C - - C - -  

I I I i 

Of course, there may t)e many other structures and 
molecules that can contribute to association since the 
products of autoxidation of methyl linoleate are com- 
plex and not all are the simple monohydropcroxides 
pictured above. 

The evidence on which is based the assignment of 
the band at 3470 em t to - - O H  and at 3430-45 em ~ 
to - - O O I [  is illustrated in Fig. 2. Two samples of 
a u t o x i d i z e d  methyl  linoleate were divided, and a 
portion of each was reduced with potassium iodide 
in chloroform-acetic acid as described above. Swift, 
Dollear, and O'Connor  (6) demonstrated that hydro- 
peroxides react with this reagent, to form hydroxy- 
compounds. The oxidized portions, with PV 205 and 
560, respectively, gave the typical absorption spectra 

observed before. Tile reduced samples however had 
entirely different structures. The band at 3470 cm -1 
remained, but the broad intense band at 3430-45 cm -1 
was completely removed and in each case a new band 
developed at a higher frequency. The new band from 
the sample with an original PV of 560 was shifted 
10 wave numbers toward lower frequency from that 
for the sample with an original PV of 205' and it 
also absorbed more intensely. 

The reason for the equal intensity in the reduced 
samples of the bands at 3470 era-' is not clear. Other 
eases have been observed in which the intensity is 
greater in the reduced sample, which had the greater 
intensity prior to reduction. I t  is believed that the 
absorption at 3470 em ~ is enhanced by the great 
absorption at the lesser frequency. The intensity of 
the reduced sample should more nearly indicate the 
true intensity of the substances absorbing at 3470 
cm -~ than the a b s o r p t i o n  which includes the con- 
tribution of those substances absorbing at a lesser 
frequency. 

Since the broad intense band at the lower fre- 
quency was removed, it apl)arently was due to the 
presence of "assoc ia ted"  hydroperoxide groups, but  
since the band at 3470 cm ~ was not removed, it was 
api)arently due to hydroxyl  groups in the molecule. 
The new band formed at the higher frequencies by 
reduction of the hydroperoxides wouhl then be an 
- - O I [  band and would be expected to absorb more 
intensely and at a lesser frequency in the reduced 
PV 560 sample than in the reduced PV 205 sample. 
If the assignment of the band a.t 3470 em ~ to - - O H  
is eorre, et, this pair  of curves for the reduced sam- 
l)les would then indicate tbat resolution had been 
made between the absorption bands for two similar 
compounds containing - - 0 I I  groul)s on different car- 
bon atoms. These two compounds can be accounted 
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Pro. 3. Effect of increasing oxidation on the infrared absorp- 
lion by earbonyl groups. 

1. PV 1. 2. PV 500. 3. ]?V 800. 4. PV 940. 
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for by  an acceptance of the concepts of B o l l a n d  
and Koch (7), who postulated oxidative at tack at 
the a-methylene C atom with result ing format ion of 
three resonance hybr id  structures,  two of which are 
conjugated.  The monohydroperoxides formed f rom 
methyl  linoleate would then be at  least two-thirds 
conjugated, and the spectroscopic evidence obtained 
by them suppor ted  this. Bergs t rom (8) identified 
the 9- and the ]3-hydroxystear ic  acids f rom hydro-  
genation of autoxidized linoleie acid. Hohnau  (9) 
has suggested that  the c o n j u g a t e d  forms can be 
expected as sole p r i m a r y  oxidation products  f rom 
autoxidation of methyl  linoleate, which thus allows 
two isomeric monohydroxy conjugated-diene methyl  
linoleates as expected products  f rom H I  reduction 
of the autoxidized methyl  linoleate: I t  is believed 
tha t  these two isomeric conjugated diene methyl  hy- 
droxylinoleates may  well be the compounds which 
contr ibute  the observed bands. 

Substances absorbing at 2760 A in the ul traviolet  
have been observed in autoxidized methyl  linoleate. 
They were postulated by  Bergst rom (10) to be doubly 
unsa tura ted  ketones result ing f rom decomposition of 
the conjugated-diene hydroperoxides.  In  la ter  stud- 
ies Lundbe rg  and Chipault  (11) suggested that  these 
substances result  f rom a common precursor  of them 
and the hydroperoxides.  These s u b s t a n c e s  should 
absorb in the in f ra red  in the region where C ~ O 
groups absorb. 

I n  an examination of the earbonyl  absorption re- 
gion, absorpt ion curves such as those shown i n  Fig. 
3 were obtained. I t  is known that  the carbonyl  group 
in an ester absorbs generally f rom 1725-1750 cm -~ 
and aldehyde and ketone earbonyls absorb general ly 
f rom 1675-1730 cm-L The esters absorb with such 
intensi ty that  the absorpt ion due to earbonyl  f rom 
ketones or aldehydes was detectable" only as a shoul- 
der  on the ester absorpt ion band.  In  order to obtain 
an idea of what  the absorption bands  due to other 
carbonyl  groupings was like, a plot  was made using 
the intensi ty measured for the least oxidized sample 
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Fro. 4. Absorption by carbonyl groups other than ester car- 

bonyls. Effect of increasing oxidation. 
1. PV 500. 2. PV 800. 3. PV 940. 

in the lot ( P V - - -  1) as Io and tha t  for  each oxidized 
sample as I. The plot of Log Io / I  vs. f requency in 
cm -1 would then show only those changes due to oxi- 
dation of the samples. Such a plot  is i l lustrated in 
Fig. 4. Note tha t  a min imum now replaces the maxi- 
m u m  due to ester carbonyl  shown in Fig. 3. A double 
max imum exists for  all samples at 1724 cm -1 and at 
1733 cm -~ with an addit ional  small max imum in some 
samples at  ]755 cm-L Both of the ma jo r  maxima in- 
crease with increasing oxidation of the samples. I t  
must  be noted however that  the max imum at  1733 
cm -~ is init ially the higher but  increases less rapidly  
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than  the one at  1724 cm -1 and is finally superseded 
by  the max imum at 1724 em -1 in the sample with a 
PV of 940. This double max imum i n d i c a t e s  the 
presence in the autoxidized samples of at  least two 
separate  carbonyl  containing compounds, which are 
fo rmed in different quanti t ies depending on the state 
of oxidation of the sample. These two compounds 
absorbing  in the carbonyl  region could be the sub- 
stances which have been found to absorb at 2760 A 
pa r t  of which enolize with K O H  and pa r t  of which 
do not enolize. F r o m  a considera t ion  of the charac- 
teristics for  ( C = O )  f r e q u e n c i e s  as outlined by  
Barnes, Gore, Stafford, and Will iams (12), the band 
at the lower f requency would be the band  due to 
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Fro. 6. Absorption by - -OH and - -OOH of substances eluted 
from an adsorption column. 

1. Top section, PV 1100. 2. Middle section, PV 2900. 3. Bot- 
tom section, P u  1300. 

ketones in conjugation with a double bond while 
those at the higher f requency would be non-conju- 
gated. At this time no in terpreta t ion other than 
possible aldehydes f rom scission products  can be of- 
fered for  the weaker band at 1755 cm ~ which seems 
to  be more variable than the others. Reduction with 
K I  reagent produced no consistent changes in the ab- 
sorption in this region, thus indicating that  carbonyl 
absorption is due to side reactions or fu r ther  decom- 
position of the hydroperoxides formed. 

An additional s tudy was made in which autoxi- 
dized methyl  linoleate was chromatographed on a 
sodium aluminum silicate adsorbent  for comparison 
with observations made previously (2). The column 
was divided into three fractions, af ter  development 
of the autoxidized esters on the column with petro- 
leum ether as follows: 1st fract ion 0-3 inches, 2nd 
fract ion 3-9 inches, and the :~rd fract ion 9-17 inches, 
the sections beginning at the top. The fractions were 
eluted with ethanol and ultraviolet  absorption spec- 
tra. determined as shown in Fig. 5. As pointed out 
in a previous paper  (2),  the substances adsorbed at 
the top of the column have the most highly adsorb- 
able substances, that  is, those having the most polar 
groups and the more complex molecules. Those on 
the middle section have fewer polyoxygenated com- 
pounds while those on the lower section have pre- 
dominantly the fewest polar groups and should be 
composed of the monohydroperoxides,  which would 
be in molecules with conjugated dienes, and the dou- 
bly unsatura ted ketones and hydroxy-compounds" re- 
sulting from intermolecular reaction of the hydroper~ 
oxides with other olefinic groups. These postulated 
locations on the column for the groups mentioned 
are substantiated by the low broad band at 2300 h 
(Fig. 5) for  the fract ion from the top of the column 
indicating less conjugated-diene absorption than is 
shown for  the fractions from the middle and bottom 
sections of the column. Fu r the r  evidence is given 
by  the intense absorption by  the fract ion from the 
bottom section with a sharp maximum at 2315 A and 
also by its greater  absorption at 2760A, where dou- 
bly unsatura ted  ketones absorb. 

The broad intense absorption band in the 3400- 
3500 cm -~ f requency range (Fig. 6) indicates many 
hydroxyl  and /o r  hydroperoxyl  groups with strong 
"assoc ia t ion"  in the fract ion from the top section 

of the adsorption column. This follows from the con- 
cept that  the most highly oxygenated, polymerized, 
and complex products would be adsorbed at the top 
of the column. The fract ion from the middle section 
has the highest PV and has a broader,  more intense 
band than that f rom the lowest section of the column. 
Since the fraction from the bottom section was shown 
to have a high concentration of conjugated dienes by 
its intense absorption band at 2315 A, it follows that 
it should have a high concentration of monohydroper- 
oxides and monohydroxy compounds. This is brought  
out by  the fact that  the 3470 em -1 band is present 
but  is still a broad band, and by the inflection which 
is ahnost a maximum at 3520 cm -1, characteristic of 
the - - O H  band which was shown to e x i s t  w h e n  
- - O  0 H groups were reduced to - - 0  H groups with 
HI .  

An examination of the 1700-1750 cln -1 region shows 
intense carbonyl absorption other than that  for the 
ester carbonyl (Fig. 7). All fractions exhibit max- 
ima at 1724 cm 1. That  f rom the bottom section of 
the column absorbs nlost i n t e n s e l y  in comparison 
with maximum absorption (by this fract ion) at 2760 
A. The infrared absorption spectra of these fractions 
thus correlate with the interpretat ions made from the 
ultraviolet absorption spectra (2). 

Summary 
A study has been made of the inf rared absorp- 

tion spectra of autoxidized methyl linoleate in sam- 
ples ranging from PY 1 to PV 940 m.e./kg. Principal  
changes occur in the f requency r a n g e  3400-3550 cm -~ 
where bonded - - O H  groups absorb and at 1650-1775 
cm -~ where > c  ---- o groups absorb. 

Two maxima were observed in oxidized samples in 
the - - O H  absorption range:  one sharp and distinct 
at 3467-70 em -1 which increased in intensity with in- 
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tom section, PV 1300. 
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crease in PV and a broad band  which increased with 
increasing PV unti l  it resolved into a t rue max imum 
at  3430 cm ~. Reduction of typica l  oxidized samples 
with K I  reagent  resulted in disappearance of the 3430 
cm -~ band and appearance  of a new band above 3500 
cm -~. The band  at 3430 cm -~ was a t t r ibu ted  to - - O O H  
groups associated b y  hydrogen bridging.  The band  
at  3467 cm ~ and the band appear ing  above 3500 
cm -~ were a t t r ibu ted  to - - O H  groups, the band  at 
the higher f requency result ing direct ly f rom reduc- 
tion of a hydroperoxide.  

Absorpt ion due to ketone and a ldehyde  carbonyl  
groups appeared  only as an indefinite shoulder on 
the band due to the ester carbonyl.  These were re- 
solved by  using the intensi ty of the sample with PV 
1 as Io and that  for  the oxidized samples as I. A plot 
of Log Io / I  then revealed three maxima. These indi- 
cate the presence of two and possibly three carbonyl  

containing substances other than  the ester carbonyl  
in autoxidized methyl  linoleate. 

Absorpt ion in the two critical f requency ranges of 
fract ions of autoxidized methyl  linoleate eluted f rom 
an adsorption column correlate with in terpreta t ions  
made f rom ultraviolet  absorpt ion studies of the same 
substances. 
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Determination of Bicarbonate in Soap Products 
ROBERT M. KELLEY and EUGENE W. BLANK, Research and Development Department, 
Colgate-Palmolive-Peet Company, Jersey City, New Jersey 

C O N T I N U E D  need for  the accurate determinat ion 
of bicarbonate in the presence of carbonate and 
alkali salts such as phosphates and silicates has 

led to the development of an improved procedure 
yielding quicker and more accurate results than  can 
be obtained by  the procedure originally described by  
Blank and Boggle (1), The la t ter  procedure,  as em- 
phasized in the original paper ,  is subject  to errors 
due to the solubility of bicarbonate  in alcohol and to 
the decomposition 0f bicarbonate  dur ing the process 
of isolating .the alcohol insoluble mater ia l  required 
for  the determination.  

The method described herewith permits  the deter- 
minat ion of bicarbonate  and  carbonate direct ly in the 
presence of soap, thus avoiding any  loss of bicarbon- 
ate due to solubility in alcohol or in vir tue of its 
inherent  instabili ty.  

Principle of Method 
Essential ly the method consists in beat ing the sam- 

ple containing bicarbonate and carbonate to 200~ 
for  one-half hour in a d ry  flask connected to the usual 
carbon dioxide train. Af te r  obtaining the increase in 
weight of the carbon dioxide absorpt ion tube due to 
the C02 l iberated by  the decomposition of the bicar- 
bmmte,  water  is added to the contents of the flask to 
dissolve the sample, the residual carbonate is decom- 
posed by  the addition of 20 ml. 1 :1  HC1 and the 
CO~ is evolved by  heating as described in the official 
method of the A.O.C.S.  (2).  

I f  b icarbonate  is found to be present  in a sample, 
any  moisture value obtained b y  distillation must  be 
corrected by  subt rac t ing  the amount  of water  liber- 
ated by  decomposition of the salt. Each gram .of 
N a H C Q  present  yields 0.107 grams of H~O. 

The tempera ture  at which N a H C Q  is quanti ta-  
t ively decomposed has been variously repor ted  (3, 
4). More recently Waldbauer ,  McCann, and Tuleen 
(5) conclude that  any  sample of N a H C Q  heated 
above 150~ is completely conver ted into the car- 
bonate. This t empera tu re  is considerably less than  

that  former ly  regarded as necessary for  the quanti-  
tat ive conversion. I t  has been found in this labora- 
tory  that  a t empera tu re  of 00 C. for  a period of 
one 'half  hour is sufficient to accomplish the conver- 
sion to the extent of about  98%. F igure  1 presents  
a plot of per  cent loss of C Q  f rom NaHCOa against  
t ime in minutes at the two tempera tures  of 150~ 
and 200~ 

Apparatus 
The appa ra tus  employed in this determinat ion may  

be any  one of the usual COs t rains  (1, 2, 6) with but  
one difference. In  this procedure  the CO~ evolution 
flask is heated by  means of an electric heating mant le  
of the usual l abora tory  type, connected to a pyrome-  
ter  so that  the t empera tu re  can be controlled to 200 
• 10~ 

Procedure 
Weigh 2.5 to 3.0 grams of the sample into a 300-ml. COs 

evolution flask. At tach  the flask to a carbon dioxide t r a in  and 
br ing  the absorpt ion  tube to constant  weight by the slow pass- 
age of air  th rough  the t ra in  for  10 to 15 minutes. When the 
absorpt ion  tube has a t ta ined constant  weight,  a t tach it to the 
t ra in  and main ta in  the evolution flask at  a constant  tempera- 
ture  of 200 ~ -~- 10~ for  one-half hour. Turn  off the current  
and continue to draw CO2 free air  th rough  the appa ra tu s  fo r  
an addit ional 20 minutes,  a t  the end of which time detach the 
absorpt ion  tube and weigh. The percentage of  NaItCO3 present  
in the original sample may be calculated as follows: 

Weight  of CO2 X 3.8184 X 100 
- -  % NaHCO, 

Sample Weight  

Replace the absorpt ion  tube in the train,  Add distilled water  
through the entrance funnel  at tached to the evolution flask unti l  
the level is slightly above the lower end of the entry  tube. I t  
may  be necessary to apply sl ight  suction through the t ra in  to 
accomplish this operation.  

Add 20 ml. of 1 :1  HC1 containing a few drops  of methyl  
orange indicator to the sample in the flask. I f  the solution in 
the flask is not dist inctly acid, add sufficient addit ional  1 : 1  
iIC1 to b r ing  the solution to distinct acidity. Increase the elec- 
tric current  until  smooth boil ing is effeeted. Af te r  boiling is 
initiated, the power may  be decreased to the point  at which it 
is jus t  sufficient to main ta in  s teady boiling. Boil the solution 
for  10 to 15 nfinutcs. Turn  off the current  and continue to 
draw' COs free air  th rough  the appa ra tu s  fo r  an addit ional 30 


