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whereas the gel-strength increases in the order 

NaO1 < NaSt r  < NaP. 

Summary 
1. The setting time, syneresis, and gel-strength of 

gels of sodium palmitate, sodium stearatc, and sodium 
oleate in toluene, xylene, cymenc, pinene, chloroben- 
zene, bromobenzcne, p-chlorotoluene, n-anlyl, n- and 
i-butyl, n- and i-propyl, and benzyl alcohols, o-cresol, 
glycerol, anisole, and phenetole, have been measured. 

2. F o r  gels in any given solwmt tile settiug t ime 
and extent  of syneresis decrease with different soaps 
in the order, NaO1 > NaStr  2> NaP, and the gel- 
strength increases in the order, NaO1 < NaStr  < 
NaP. For  solvents belonging to a homologous series 
the setting time and extent  of syneresis of soap gels 
increase and tile gel-strengtli decreases as the series 
is ascended. 

3. An explanation for this behavior is offered in 
terms of the constitutive propertics of the solvent 
molecules. 
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Reactions of Fatty Materials With Oxygen. 
Determination of Functional Groups 

I V .  1 Quantitative 

H. B. KNIGHT and DANIEL SWERN, Eastern Regional Research Laboratory, ~ 
Philadelphia 18, Pennsylvania 

A L T I t O U G I I  it is generally agreed that  the con- 
vcntional analytical procedures for the quanti- 
tative determination of fmIctional groups are 

unreliable when applied to unfract ionated oxidation 
reaction mixtures (4, 6, 9, 24, 25), the basis for such 
a broad generalization is not readily a s c e r t a i n e d  
from the l i terature.  Except  in a few isolated eases 
the magnitude of the errors has not been reported, 
nor has any systematic a t tempt  been made to dem- 
onstrate which analytical methods are r c l i a b l c  and 
which are not. In s tudying the mechanisms of the 
reaction of f a t ty  materials with oxygen, it is essen- 
tial to determine accurately tile distribution of ab- 
sorbed oxygen among the various types of oxygen- 
containing groups known to be present, and it is also 
essential that  the sum of the percentages of oxygen 
d e t e r m i n e d  analytically on tile mixture  equals the 
known oxygen content of thc material determined by  
combustion analysis. As will be shown latcr, in cer- 
tain types of mixtures the sum of the percentages of 
oxygen determined by  conventional techniques con- 
siderably exceeds the known oxygen content. 

In a previous p u b l i c a t i o n  (20) we described a 
procedure for the determination of oxirane oxygen 

and indicated which functional  groups in oxidation 
mixtures would interfere. The present investigation 
had three objectives: a) To prepare  pure compounds 
c o n t a i n i n g  one or, at most, two functional groups 
encountered in oxidation reaction mixtures and to 

1 The previous papers in this series a re  references 20, 22. and 2:1. 
2 Presented at  the meeting of the American Oil Chemists' Society, New 

York City, November 15-17, 1948. 
aOno of the laboratories of tho Bureau of Agricultural and Industrial  

Chemistry, Agricultural Research Administration, U. S. Department  of 
Agriculture. 

analyze each of these compounds by tile conventional 
techniques employed in s tudying oxidation rcactions 
(acid munber,  saponification number, iodine mlmber, 
oxirane oxygen, hydroxyl  oxygen, carbonyl oxygen, 
and peroxide oxygen).  In  this way the magnitude of 
the interference (if any)  of each functional group 
on each of the analytical methods could be readily 
determined, b) To prepare  synthetic mixtures of 
known composition fronl these pure compounds and 
re-analyze the mixtures to determine the combined 
effect of 11unmrous functional  groups on the ana- 
lytical techniques, c) When possible, to modify and 
imI)rove those analytical procedures found to be in 
error, thus permit t ing a more accurate accounting 
of the total oxygen content. I t  is a sad conmlentary 
on research in this field that  in more than 100 years 
of intensive study, resulting in nmnerous publica- 
tions, a systematic investigation of this type has not 
been previously published. 

Experimental 
(All distillations were conducted in an atmosphere 

of nitrogen.) 
Preparation of P~lre Materials. Methyl olcate, b.p. 

181-2~ ram. and n~ ~ 1.4485, was prepared by 
fractional crystallization of olive oil fa t ty  acids, fol- 
lowed by esterification with methanol and fractional 
distillation (1, 21, 27). 9,10-Epoxystearic acid, m.p. 
59.6-59.8 ~ was prepared from pure oleic acid by  
epoxidation with peracetic acid (5). 9,10-Dihydroxy- 
stcaric acid, m.p. 95 ~ was prepared from oleic acid 
by hydroxylat ion with hydrogen peroxide in acetic 
acid solution (19). Methyl ricinoleate, b.p. 187~ 
ram. and n D3~ 1.4592, was prepared by. fractional dis- 
tillation of the methyl esters obtained by  methanoly- 
sis of castor oil (11). Oleyl alcohol, m.p. 7-8 ~ b.p. 
188-90~ mm. and n] ~ 1.4540, was prepared from 
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the commercial grade by low-temperature fractional 
crystallization and vacuum distillation (21). 12-Ke- 
tostearic acid, m.p. 81.0-81.4 ~ was prepared by  the 
chromic acid oxidation of 12-hydroxystearic acid, by 
the nw.thod of Willst:,itter (28), except that  the reac- 
tion mixture was poured into a large quant i ty  of 
water to precipitate the product,  which was first re- 
crystallized from acetic acid and then from 95% 
ethyl alcohol. T e t r a l i n  hydroperoxide (10), m.p. 
54.0-54.5 ~ was prepared by passing oxygen through 
pure tetral in (7) at 70 ~ for 70 hours. Unreacted 
tetralin was removed by distillation at 0.2-0.4 mm. 
to a maximum pot temperatnre  of 70 ~ , and the resi- 
due was then recrystallized at - -50  ~ from toluene 
(2 ml. of solvent/g, of solute.). Ter t iary  butyl  hydro- 

'-'~ 1.3987, peroxide (14), b.p. 34.5'-35~ mm. and nl) 
was prepared by vacuum distillation of the commer- 
cial product  obtained from the Union Bay State Co. 4 
l) i- tert iary butyl  peroxide (]5) ,  b.p. 38.3~ ram. 
and n~ ].3~65, was prepared by vacuum distillation 
of the 98% grade obtained from the Shell Develop- 
men/ C.ompany. (hmlene hydroperoxide, b.p. 65~ 
ram. and n~ 1.5221, was prepared by vacuum distil- 
lation of the commercial product  obtained from the 
tIercnles Powder  Co. C y c l o h e x e n e  hydroperoxide,  
b.p. 40-41~ ram., d~ ~ 1.0546, d~ ~ 1.0676, n~  1.4822, 

2o 1.4892, was prepared  from cyclohexene (17) and n ~) 
by the procedure of Criegee, Pilz, and Flygare  (3). 
Cyelohexene-'l-ol, b.p. 60-65~ ram., was prepared 
by treat ing an acetic acid solution of cyclohexene by- 
droperoxide (11 g.) with excess 50% aqueous potps- 
siam iodide for one hour, e x t r a c t i n g  the produet  
with chloroform, washing the chloroform s o l u t i o n  
free of acid with water, drying over calcium sulfate, 
and then fractionally distilling the solution under  
vacuum. Benzoyl peroxide was the Eastman Kodak 
White Label Grade. Methyl oleate hydroperoxide,  
pur i ty  about 70%, was obtained from C. E. Swift, 
National Cottonseed Products  A s s o c i a t i o n Fellow, 
Southern Regional Research Laboratory.  Aeetophe- 
none, mesityl oxide, methyl isobutyl ketone, dioxane, 
and eyclobexanone were purified by  efficient frac- 
tional distillation of the purest  commercial grades. 

Analytical Me~hods. Acid N/ember. Approximately  
]-g. samples were dissolved in 75 ml. of neutralized 
95% ethyl alcohol and t i t ra ted with 0,1 N aqueous 
sodium h y d r o x i d e  to a phenolphthalein end-point .  
When only a small quant i ty  of material was avail- 
able, the weight of the sample was reduced consider- 
ably, and a semi-micro buret te  was employed. 

Acid Number  = 
ml. of N a O H  X N X 56.10 

weight  of sample 

Saponification Number. Approximately  0.5-g. sam- 
ples were weighed into 250-m1. Kimble glass Erlen- 
meyer flasks and dissolved in 25 ml. of aldehyde-free 
95% ethyl alcohol. Exact ly  25 ml. of approximately 
0.2 N alcoholic potassium h y d r o x i d e  solution was 
added, the mixture  was refluxed for one hour on the 
steam bath, and the excess alkali was / i / ra ted  with 
0.1 N aqueous hydrochloric acid to a phenolpbthalein 
end-point. Blank determinations were carried out in 
the same way. 

* The Bureau of Agricultural and Indus/riM (:hernia/IT. L'nited States 
Department of Agriculture. does not recommend prodllcts or companies 
mentioned in preference to others not mentioned. 

RATE OF DECOMPOSITION OF HYDROXYLAMINE REAGENT AT 26"G 
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Fzo. 1. Rate of decomposition of hydroxy]amine reagent  

at 26~ 

A X N X 56.10 
Saponification Number  - 

weight  of sample 

A - -  Blank t i t ra t ion  - -  ml. of HCI employed in back- 
t i t ra t ing .  

Iodi~e Number. The conventional one-half  hour 
Wijs method was employed. 

A X N X 0.1269 X 100 
Iodine Numbe r  

weight of sample 

A = Blank t i t ra t ion  - -  ml. of sodium thiosulfate  employed 
in back-t i t ra t ing.  

Hydroxyl Oxygen. The procedure of ()gg, Porter ,  
and Willits was employed (16), except that  5 ml. of 
the pyridine-acetic anhydr ide  reagent was used and 
the sample weights were increased accordingly. 

[B -- (A -- O) ] X N X 0.016 
Hydroxyl  Oxygen, % = X 100 

weight  of sample 
B ~ Blank t i t ra t ion.  

A ~ M1. of N a O H  employed in back-t i t rat ing.  

C ~ M1. of N a O H  required to neutralize the acidity of the 
sample. 

Oxirane Oxygen. The procedure of Swern, Find- 
ley, Billen, and Scanlan (20) was employed. 

[B--(A--C)] X N X 0.016 
Oxirane Oxygen, % = X 100 

weight  of sample 

B ~ Blank t i t ra t ion.  
A = M1. of N a O H  employed in back- / i / ra t ing.  
C ~ Ml. of N a O H  required to neutralize the acidity of the 

sample. 

Perox,ide Oxygen. Wheeler 's  method (26) was 
employed except that  all precautions were taken to 
exclude oxygen, and a 15-minute reaction period was 
employed. Blank titrations, which did not exceed 0.1 
ml., were also run. The percentage of peroxide oxy- 
gen includes both oxygen atoms of the peroxide group 
even though only one oxygen atom is active. 

A X N X 0.016 
Peroxide Oxygen, % ~ X 100 

weight  of sample 

A ~ MI. of sodium thiosulfate  e m p l o y e d - -  blank t i t rat ion.  

Carbonyl Oxygen. Since the determination of ear- 
bonyl oxygen on fa t ty  materials and their mixed oxi- 
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dation products has not been adequately described in 
the literature (12, 13), a detailed investigation of the 
method was made. The procedure finally adopted is 
described below : 

Aldehyde-free Alcohol. Reflux 1 I. of 95% ethyl 
alcohol for 30 minutes with 10 g. of potassium hy- 
droxide and 6 g. of granulated metallic aluminunt. 
Distill  and discard first and last 50 ml. of distillate. 

IIydroxylamine R e a g e n t - - A p p r o x i m a t e l y  0.2 N. 
Dissolve 20 g. of hydroxylamine hydrochloride (East- 
nmn Kodak White lmbel) in 40 ml. of distilled water 
and then add 400 ml. of aldehyde-free alcohol. Add 
300 ml. of 0.5 N aleoholic potassium hydroxide to this 
solution, mix well, and filter. The filtrate consists of a 
solution of hydroxylamiue hydroehloride and free hy- 
droxylamine. This sohltion is somewhat unstable at 
room temperature, as shown in Fig. 1, and is prefer- 
ably freshly prepared each (lay. 

Procedure. Weigh sample, in aec, ordanee with ex- 
pected percentage of carbonyl oxygen as shown in the 
following table, into a 250-ml. iodine flask with spe- 
cial sidearms to accommodate electrodes (16).  Add 
exactly 25 ml. of hydroxylamine r e a g e n t  from an 
automatic pipette, stopper the sidearms with ground 
glass stoppers, and reflux the solution on the steam 

E x p e c t e d  P e r  Cent  of M a x i m u m  W e i g h t  
Carbonyl  O x y g e n  of S a m p l e  

1 3.2 
2 1.6 
4 0.~ 
8 0.4 

16 0.2 

bath for 10 to 30 minutes (low m o l e c u l a r  weight 
aldehydes and ketches, 10 minutes; long-chain com- 
pounds, 30 minutes) .  Allow the solution to cool to 
room temperature, insert the electrodes through the 
sidearms, and titrate with 0.1 N hydrochloric, acid to 
a p l t  of 3.0, employing a plI meter. (Fig. 2 is a typi- 
cal titration curve).  Shortly before the end-point is 
reached, wash the sides of the flask and the electrodes 
with 10 nil. of distilled water. At least two blank 
d e t e r m i n a t i o n s ,  which must check within 0.1 nil., 
sllould be made. (With eompounds insoluble in the 
cooled solution, provision should be made for stirring 
during the titration.) 

A X N X 0.016 
Carbonyl Oxygen, % - - -  X 100 

weight of s a m p l e  

A - - B l a n k  t i t r a t i o n  - -  ml .  o f  t lCI  e m p l o y e d  in b a c k -  
t i t r a t i n g .  

Sal)onif .  
N u m b e r  

i 

Acid  
N u m b e r  

~Iethyl  Oleate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  o n 
9 . 1 0 - E p o x v s t e a r i c  A c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8 8 . 0  1 ~ 7 . 7  
M e t h y l  :R i(~fin o l e a t e  . . . . . . . . . . . . . . . . . . . . . . . . .  0 o 
1 2  K e t o s t e a r i e  A c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8 8 . 0  1 8 8 ~3  
9,10-I)ihydroxvstearic. A c i d  . . . . . . . . . . . . . . . . . . .  I . 1_77.2 1 7 7 -  

1 7 8  
Oleyl  Alcohol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 0 
Tetra l in  I I y d r o p e  "oxide . . . . . . . . . . . . . . . .  ! 0 0 

T e r t i a r y  B u t y l  t f y d r o p e r o x i d e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 0 0 
I 

D i - t er t iary  B u t y l  P e r o x i d ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 0 
C u m e n o  I Iydro l ) erox ido  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 0 

C y e l o h e x e n e  H y d r o p e r o x i d o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 0 1.8 
C y c l o h o x e n e - ' b o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 2 . 4  
B o n z o y l  P e r o x i d ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 0 1 . 0  

i 

n l o x a n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 0 0 

pH 4 

TITRATION CURVE FOR CARBONYL OXYGEN DETERMINATION 

o 
% 

\ 
\ 

o \ 
o \  

2 ~ o  

IO 20  30 40 50 60  

Mr.. O. iN HGL 

F~G. 2. T i t r a t i o n  eurve for carbonyl oxygen determination. 

The results obtained when tllis method was applied 
to some typical carbonyl compounds are shown in 
Table I. 

TABLE I 

A n a l y s i s  of Pur i f i ed  Carbonyl  C o m p o u n d s  

A e e t o p h e n o n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Carbonyl  Ox~.'gen, % C a l c d ,  F o u n d  

1"1.33 1 3 . 3 4  
Mesity l  ox ide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 16. :32 1 5 . 9 7  

15.98 5.35 Mothyl-isohutyl ketone .................................. I 
Cye lohexanono  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 , 3 1  1 6 . 5 4  
12~Ketostearie  acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 5 . 3 6  5 . 3 3  

Discussion 
The results obtained when tlle analytical methods 

just discussed were applied to a series of purified 
compounds are shown in Table ] l .  This table shows 
several important points, a) The analytic, al meth- 
ods are reliable provided that peroxide and oxirane 
groups are absent. Thus, the esler, earboxyl, pri- 
mary and secondary hydroxyl,  carbonyl, a-glycol, 
ether, and the isolated and allylic types of ethylenic 
groups do not interfere. No conjugated polyunsat- 
urated aliI)hatie compounds (eIeostearie acid, etc.) 
were studied since it is well known that these do 

T A B L E  I I  

Analys i s  of  Pur i f i ed  C o m p o u n d s  

C a l e d .  C a l c d .  C a l c d .  F o u n d  

18,(}.2 
1 8 8 . 0  
1 7 0 . 5  
18;~.0 
1 7 7 . 2  

0 
0 

0 

0 
0 

0 
0 
t 

0 

1 8 9 . 8  
1 8 8 . 2  
1 7 9 . 8  
1 8 8 . 0  
1 7 7 -  
1 7 8  

0 
2 0 . 4  

4 8 -  
6 3  

0 
2 8 -  
3 4  

1 9 7  
. . . . . .  2 
4 9 1 -  
5 1 6  

0 

I o d i n e  No. 
( W i j s ,  1,/_. h r ~  

Calcd. F o u n d  C u l c d .  F o u n d  C a l e d .  F o u n d  

O x i r a n e  i l l y d r e x y l  C s r b o n y l  
O x y a ' e n ,  O x y g e n ,  O x y g e n ,  

% % % Compou nd 

8 5 . 6  8 4 . 4  
0 0 

8 1 . 2  8 2 . 5  
0 3 .2  
0 0 

9 4 . 5  92 .O 
0 1 4 2 . 2  

0 0 

0 0 
0 58 -  

62  
2 2 2 . 4  2 0 1 . 8  
2 5 8 . 6  2 2 9 . 9  

0 0 

0 0 

1 I n c l u d e s  both  o x y g e n  a toms  of  the  p e r o x i d e  group.  Mater ia l  u s e d  up.  

n 0 
5.36 5.37 
0 0 
0 0.14 
O 0 

0 0 
(} 0 

0 0 

0 0 
0 . 0 

0 0 . 5 4  
0 0 . 6 4  
0 0 

(I 0 . 1 8  0 �9 
0 2 . 2 0  0 
5 . 1 2  5 . 1 8  
0 0 5 . 3 6  

1 0 . 7 4  1 0 . 7 8  0 

6 . 3 3  6 . 2 8  0 
0 0 0 

0 1 5 . 3 -  o 
1 6 . 6  

0 0 0 
0 0 . 7 5  0 

0 0 . 9 1  0 
1 6 . 3 1  1 4 . 1 7  0 

0 0 0 

0 0 0 

P e r o x i d e  
O x y g e n ,  

Calcd. F o u n d  

n . 1 5  0 0 
0 0 0 
(}.12 o 0 
5 . 3 3  0 0 
0 0 0 

0 0 0 
1 3 . 6 -  ! 1 9 . 4 8  1 9 . 4 0  
1 4 . 0  
16 -  3 5 . 5 0  3 4 . 6 0  
1 8  

1) 2 1 . 8 8  0 

~ 2" 2 1 . 0 4  2 0 . 9 6  

. . . . . .  2 2 8 . 0 5  2 7 . 0 4  

. . . . . .  2 0 0 . 0 3  
19-  ' 1 3 . 2 2  1 ;3 .10  
24  [ 

0 0 0 
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TABLE I I [  

Composition and Analysis of Untrested Synthetic ~ixtures 

369 

~I ix ture  1 

% 
12-Ketos tea r i c  Acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 .09  
9 ,10-E  poxystear ic  Acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 . 0 6  
Methyl  Rici~mleate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  J 0 .20  
Methyl  Ohmic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 .79  
T o t r a l i n  l t :~droperoxide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 .95  

(Jalcd. F o u n d  

Acid X u m b e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37 .6  39 .0  
Saponi f ica t ion  N u m b e r  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  169 .2  168.9 
I o d i n e  Number  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58 .7  71-78 
Ox i r ane  Oxygen, % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (I.54 ~.44 
Hydroxy l  Oxygen,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .52  (I.69 
( ' a rbony l  Oxygen,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .53 2 .50  
:Peroxide Oxygen,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .94  1 .93 

To~al Oxygen,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1'."1.2 13.42 
15.2  a 

32 X Saponiflcat . ion N u m b e r  
X0xygen  in earboxyl  and  es ter  groups ,  % = -  5 6 1 0 4  

z By  combust ion.  
a Ca lcu la ted  f rom ana lyses  by add i t ion .  

M i x t u r e  2 

% 
12 -Ke tos t ea r i c  Acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 .97  
9 , 1 0 - E p o x y s t c a r i c  Acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 0 . 8 9  
Methyl  R ic ino lea t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 0 . 8 7  
~Iothyl Olea te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 . 9 9  
T e t r a l i n  H y d r o p e r o x i d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 2 . 2 8  

0a lcd .  F o u n d  

Acid N u m b e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 .5  66.3  
Sapon i f i ca t ion  N u m b e r  x . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145.1 145 .5  
Iod ine  N u m b e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 .2  17-20 
O x i r a n e  Oxygen,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .12 1 .20 
l I y d r o x y l  Oxygen,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .08  1 .44  
Ct~rbonyi Oxygen,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 7 4  4 . 5 l  
P e r o x i d e  Oxygen,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 .32  4 .46  

To~al Oxygen,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 .5  15.62 
19.9  a 

- -  X 1 0 0 .  

not give correct iodine mnnbers by the conventional 
Wijs method, and an alternative method nmst be 
employed for their determination (spectrophotomet- 
ric analysis, modified IIanus method, diene number  
method, etc.). Conjugation does not interfere with 
the determination of carbonyl oxygen, however (see 
mesityl oxide in Table I and rcferel|ces 12 and 13). 
We at t r ibute  the low iodine number of cyclohexene- 
3-ol to saturated impurities of unknown eolnposition. 
The low hydroxyl  oxygen content is caused by the 
failure of the peroxide group in eyelohexene hydro- 
peroxide to be reduced quanti tat ively to the hydroxyl  
group. In every ease in our experience a portion of 
the peroxide grouI) was converted to the earbonyl 
group during the reduction step. Unfortunately,  suf- 
ficient cyelohexene-3-ol to determine its carbonyl  oxy- 
gen content was not available, b) When peroxide 
oxygen is present, unusually high and variable values 
are obtained for earbonyl oxygen (24) even though 
none is present. Numerous other peroxide compounds 
(peracctic acid, pelargonyl peroxide, Uniperox, etc.) 
display the same behavior, bu t  they are not listed in 
the table because they were incompletely purified. 
Di-tert iary butyl  peroxide, however, is such a com- 
paratively stable compound that  it does not interfere 
with the carbonyl oxygen analysis, and this compound 
shows no peroxide oxygen by the conventional tech- 
niqne and requires draslie t r e a t m e n t  to free its 
" a c t i v e "  oxygen, e) In some cases the peroxide 
group interfcres with the iodine re| tuber determina- 
tion, sometimes causing a high value and occasionally 
a low value. 5Iethyl oleate hydroperoxide,  however, 
does not interfere with the iodine number  determina- 
tion (24). d) Saponification numbers  are sometimes 
unreliable when peroxides are present, perhaps be- 
cause of the fornmtion of acidic compounds dur ing 
the analysis as a result of the chain-splitting action 
of alkaline peroxide solutions, or as a result of salt 
formation (9a). e) Determination of hydroxyl  oxy- 
gen is seriously interfered with by oxirane groups, 
an observation previously reported by l lamil ton and 
Oleott (8). f)  I t  has been our experience that,  with 
the exception of ter t iary  buty l  hydroperoxide,  per- 
oxides do not interfere with the determination of 
hydroxyl  oxygen, g) I)elerminatioll of acid num- 
ber, and peroxide and oxirane oxygen is reliable in 
the presence of any of the other functional  groups 
investigated. 

Although pure peroxidc and oxirane compounds 
interfere  with some of the analytical  proeedures, it 
does not necessarily follow that  they would be harm- 
fill in the proportions encountered in oxidation reac- 
tion mixtures. On the other band, in combination 
with many functional  groups, the errors might actu- 
ally be enhanced. F o r  these reasons two synthetic 
m i x t u r e s  were prepared,  one containing approxi- 

C/ mately ]0.c,, the other approximately 20%, each of 
a peroxide and an oxirane compound, and the ana- 
lytical procedures described were carried out on 
these mixtures. The composition of the niixtures and 
the calculated and found analytical values are shown 
in Table III .  in  mixture  1, which contained only 
10% of peroxide, both the iodine number  and the 
carbonyl  oxygen analyses were in serious error. IIy- 
droxyl oxygen was slightly high, as a result  of the 
presence of oxirane oxygen, but  the error  was not 
considered sufficiently large (0.17 unit  %) to cause 
any concern. In mixture  2, whieh contained 20% 
of peroxide, both the iodine number  and carbonyl 
oxygen analyses showed tremendous deviations from 
the calculated values, and the duplication of results 
was poor. Hydroxy l  oxygen was approximately 0.36 
unit  per  cent high, but  in complex mixtures we have 
been unable to devise a procedure for reducing the 
error.  A procedure for obtaining t h e o r e t i c a l  hy- 
droxyl  oxygen analyses in siniplc mixtures which 
contain much higher percentages of oxirane com- 
pounds than mixture  2 is described later. I t  is essen- 
tial to reduce the peroxides in mixtures containing 
significant quantities in order to obtain reasonably 
good agreement between total oxygen determined by 
combustion and total oxygen cah.ulated by  addition 
of the individual oxygen analyses as well as to ensure 
reliable iodine and saponification numbers. 

Procedure Employed for Reduction of Peroxides 
Five g. of sample are dissolved in 100 ml. of di- 

ethyl ether  in an Er lenmeyer  flask, and the flask is 
placed in an ice-water bath. Th i r ty  ml. of a 10% 
aqueous solution of sodimn bisulfite are slowly added, 
and the mixturc  is then st irred occasionally at room 
tempera ture  over a four-hour period. The aqueous 
layer  is separated and discarded, and the ether solu- 
tion is washed several times with water. The ether 
solution is dried over a n h y d r o u s  calcium sulfate 
and filtered, and the ether is s e p a r a t e d  from the 
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filtrate by evaporation under vacuum in a nitrogen 
atmosphere. 

R e p e t i t i o n  of the carbonyl oxygen analyses on 
mixtures 1 and 2, after reduction of the peroxide, 
yielded 1.03 and 1.38% earbonyl oxygen, respec- 
tively. These values are slightly higher than the 
calculated values although not nearly so high as 
were obtained for the unreduced samples. As men- 
tioned earlier, in the reduction of purified peroxides, 
some carbonyl group was invariably formed, thus 
accounting for the high values obtained for the mix- 
tures. The total of the oxygen analyses, however, for 
mixtures 1 and 2, employing the carbonyl oxygen val- 
ues obtained for the reduced samples, were 13.7 and 
16.8%, respectively ( c a l c u l a t e d ,  13.2 and 15.5%). 
Furthermore, the iodine numbers of the reduced sam- 
ples were 62.5 and 38.5, respectively (calculated, 59 
and 36), values in good agreement with those cal- 
culated. To determine whether the reduction step 
caused any undesirable changes in mixtures 1 and 2 
they were completely r e a n a l y z e d  for the various 
functional groups after reduction of the peroxide. 
The results are shown in Table IV. The agreement 

TABLE IV  

Analysis of Reduced Mixtures 

Mixture 1 

Found 

Acid Number ..................... 39.5 
Saponification Number ...... 178.5 
Iodine Number  .................. 62.5 
Oxirane Oxygen, % ............ 0.35 
Hydroxyl Oxygen, % .......... 1.251 
Carbonyl Oxygen, % .......... 1.03 
Poroxide Oxygen, % ........... 0 

Total Oxygen, % ............. 12.82 

:Mixture 2 

Found 

Acid Number ..................... 67.1 
Saponification Number  ...... 150.1 
Iodine Number .................. 38.5 
Oxirane Oxygen, % ............ 1.11 
Hydroxyl Oxygen, % .......... 3.06 a 
Carbonyl Oxygen, % .......... 1.38 
Peroxide Oxygen, % ........... 0.16 

Total Oxygen, % ............. 15.34 

Calculated, 1.49. 
2 Calculated, 13.2. 
a Calculated, 3.24. 
�9 Calculated, 15.5. 

between the calculated and found values for total 
oxygen in the reduced samples is good. 

In our studies of oxidation mechanism we determine 
acid number and peroxide, oxirane, and hydroxyl oxy- 
gen on u n r e d u c e d  samples. If the samples contain 
peroxide, the remaining analyses arc carried out on 
reduced samples. I lydroxyl oxygen values obtained 
on reduced samples cannot be corrected to the unre- 
duced basis because it is not known exactly what 
percentage of the peroxide group is reduced to the 
hydroxyl group, i f  peroxide oxygen is low, iodine 
and saponification numbers are determined on unre- 
duced samples; otherwise the peroxides are destroyed 
first, and a correction is made to the unreduced basis 
for the change in molecular weight caused by the 
reduction of the peroxide group. Of interest are the 
results obtained in the analysis of methyl oleate hy- 
droperoxidc (estimated purity about 70%). As deter- 
mined by the techniques suggested in this paper, the 
sum of the individual values for oxygen was 19.6% 
(found by combustion, 20.0%) whereas the sum of 
the oxygen values was approximately 30% when the 
peroxide was not reduced. 

When the value for oxirane oxygen exceeds approxi- 
mately 1.5%, significant errors occur in the determi- 
nation of hydroxyl oxygen. Correct hydroxyl oxygen 
values are obtained by converting the oxirane group 
in an accurately weighed sample to the ehlorohydroxy 
group (18) and analyzing the resulting chlorohydroxy 
compound for hydroxyl oxygen (16). Since the oxi- 
rane group is quaratitatively converted to the chloro- 

hydroxy group and tile chlorohydroxy eonq)Oulnl ca]] 
be isolated quantitatively, the true hydroxyl content 
of the original material can be obtained by subtract- 
ing the percentage of oxirane oxygen from tile per- 
centage of hydroxyl oxygen obtained by analysis of 
the chlorohydroxy compound. Since all tile chlorohy- 
droxy compound obtained from a known weight of 
oxirane compound is analyzed, no corrections need be 
made for changes in molecular weight, and the weight 
of the sample to be used ill the calculation of hydroxyl 
oxygen is the weight of the oxirane compound. 
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Summary 

C o n v e n t i o n a l  analytical procedures employed in 
oxidation reactions for the quantitative determination 
of functional groups have been applied to a series of 
pure compounds as well as to two synthetic mixtures 
and to methyl oh;ate hydroperoxide (estimated pur- 
ity, 70%). In the absence of peroxide and oxirane 
groups the analytical procedures are reliable. When 
peroxides are present, unusually high and variable 
values for e a r b o n y l  oxygen are obtained, and the 
iodine and saponification numbers are generally un- 
reliable. Determination of hydroxyl oxygen is inter- 
fered with by large proportions of oxirane compounds 
but apparently not by peroxides, l)etermination of 
acid number and peroxide and oxirane oxygen is reli- 
able in the presence of all the other functional groups 
investigated. Techl]iques for the accurate determina- 
tion of functional groups when peroxide and oxirane 
groups are present are described. 

A modified procedure for the determination of ear- 
bonyl oxygen is reported. 
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