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deodorization may  prove to be a bet ter  indicator of 
fat deterioration than an AOM test made on the same 
oil as refined. Refined oils with AOM values over 8 
hrs. showed lesser AOM values af ter  deodorization and 
refined oils with AOM values under  8 hrs. showed 
higher AOM values af ter  deodorization. A refined oil 
of zero AOM value had an AOM value of 5 hrs. a f te r  
deodorization. 

Conclusions 
There have been insignificant decreases in marke t  

value of seven out of eight drums of refined cotton- 
seed oil held in storage for  longer periods than are 
general ly used in industry.  Five drums containing 
oil f rom the same source (solvent-extracted and re- 
fined in miseella) had been held for  28 months under  
different types of storage. Three drums containing oil 
f rom different sources (screw-press and prepress-sol- 
vent  extractions) had been held for 10 months under  
the same type of storage. 

All of the oils entered storage as pr ime bleachable 
summer  yellow, but one d rum of oil became unbleach- 
able af ter  the first 10 months of storage. This oil 
however had a bleached color of 2.0 A.O.C.S. units 
originally, which was much higher than  on the other 
oils. 

There had been insignificant changes in free f a t ty  
acid, moisture and volatile matter ,  and refined color 
on all the oils. 

Peroxide values have increased appreciably  in some 
of the oils, and values of fa t  s tabil i ty by the Active 

Oxygen Method have decreased appreciably,  especially 
on some of those oils stored for  28 months. However  
laboratory  tests at the end of the storage periods do 
not indicate that  a point of rancidi ty  has been reached 
on any  of the oils. 

Although the flavor of all the oils was criticized 
quite extensively by most of the 46 members  of indus- 
t ry  who have cooperated in grading  the oils, only 
about a quar ter  to a th i rd  of the graders  would call 
the oils "of f  in flavor and o d o r "  in aceordanee with 
Rules of the National  Cottonseed Products  Associa- 
tion. Fu r the rmore  only a few of these graders  ( f rom 
one to five in the eases of the several oils) would aetu- 
al ly decrease the marke t  value of the oil for  being 
" o f f "  in flavor, and this discount on the average was 
insignificant. 

There were no relationships between the g raders '  
judgments  of the oils for  "of f  flavor and o d o r "  and 
the tests for peroxide value and AOM fa t  stability. 
I n d u s t r y  generally regards  these tests as reliable in- 
dicators of quality. On the basis of these tests the 
oil in the d rum only half-filled has shown the great-  
est deterioration at  the end of the 28-month period 
whereas the oil in the d rum having no breather  has 
shown the least deterioration. 

I t  must  be emphasized that  the informat ion in this 
paper  has been drawn f rom a smaI1 sample. Results 
f rom the larger  number  of test drums of oil now in 
storage may  necessitate modifications in the conclu- 
sions reported. 
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Reaction of Ethylene Oxide or Propylene Oxide with 
Chain Fatty Acids. Mono- and Diester Formation' 

Long- 
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Philadelphia, Pennsylvania 

I 
NEXPENSIVE fat-based nonionie detergents and sur- 
face-active agents are readily made by  the reaction 
of ethylene oxide with long chain f a t t y  acids, sueh 

as laurie or stearic acid, under  the influence of an alka- 
line catalyst. 

The reaction, as general ly understood, 

2\ 
RCO2H + nCH2CH~ alkaline 

catalyst  ) RCO (OC2Hd)nOH 

where R C 0 2 H  is the parent  f a t ty  acid and n is the 
average number  of ethenoxy groups, would lead only 
to the format ion of monoesters (14). F rmn  this point  
of view the reaction with ethylene oxide would be 
prefer red  to the esterification reaction, 

RC02H + H ( 0 C 2 H ~ ) n 0 H  > 
RCO (OC_.H4) nOH + H 2 0  

where the possible format ion of diesters 
RCO (0C2H4) nO,,CR is more apparent .  

1 Presented  at the D e l a w a r e  Valley Regional 1Vieeting, ~kmerican 
ChemicM Society, Philadelphia, l~'ebruary 5, 1958. 

2 E a s t e r n  Uti l izat ion Research and Development Division, Agricul- 
tural tCesearch Service, U. S. Department of Agriculture. 

There has been evidence in the case of acetic or 
benzoic acid (1, 15) that  the reaction with ethylene 
oxide is more complex than is represented by the first 
equation. With  respect to the higher f a t t y  acids, 
transesterification (6) or alcoholysis may occur under  
the reaction conditions, according to the equation: 

RCO2 (C2H~O) x~H + RCO (OC2H4) nOH 
high tempera ture  

) RC0(0C2H4)n02CR + 
alkaline catalyst  

H (OC2H4)nOH 

Fur the rmore  a recently published method of analysis 
(7) has shown tha t  water-soluble nonionic surface- 
active agents of the ester type, f rom the reaction of 
ethylene oxide with the higher f a t t y  acids, are in 
real i ty composed of comparable amounts of glycols, 
monoesters, and diesters. 

The monoester may  be expected to be a more val- 
uable detergent  and surface-active agent  than the 
dicster, or than a mixture  of monoester, diester, and 
polyethylene glycol. In  any  event the propert ies  of a 
reasonably pure  monoester p repara t ion  would be of 
interest. As an initial phase in unders tanding  the 
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Exper imen t  No. 

1 ....................................................... 
2 ........................................................ 
3 ....................................................... 
4 ....................................................... 
5 ....................................................... 
6 ....................................................... 
7 ....................................................... 
8 ....................................................... 
9 ....................................................... 

10 ....................................................... 
11 ....................................................... 

Acld or 
monoester  

L a u r i e  acid 
L a u r i e  acid 
Stearic  acid 
Stear ic  acid 
Oleic acid 
Oleic acid 
Oleic acid 
Oleic acid 
Glycol monolaura te  
Laur i e  acid 
Stearic  acid 

Cyclic ether  

Ethylene  oxide 
Ethylene  oxide 
Ethylene  oxide 
Ethylene  oxide 
Ethylene oxide 
Ethylene  oxide 
Ethylene  oxide 
Ethylene  oxide 
Ethylene  oxide 
1,2 -Propylene oxide 
1,2-Propylene oxide 

1! 

React ion  
condi t ions  

)3 

)8 a 
t9 
~9 
t4 b 

b 

i b f 
)0 b 
k0 b 

Analysis ,  mole % (7)  

Glycols 

18 
24 

14 e 
41 
31 
31 
31 
26 
25 

3/Ionoester 

36 
44 
34 

~'}-o 
32 
45 
42 
44 
40 
37 

n i e s t e r  

5O 
38 
42 

27 
24 
26 
25 
34 
38 

Molar 
ratio, 
nlono- 

diester  

0.72 
1.15 
0.81 
1.21 a 
3.90 
1.20 
1.85 
1.61 
1.75 
1.18 
0.96 

a Tempera ture  1 8 0 - 9 0  ~ 0.5% K O t t  catalyst,  magnet ic  s t i r rer .  
b155--65 ~ 1% KOH, ag i t a t ion  by magnet ic  s t i r r e r  and  gas-dispers ion tube. 
e Smaller  scale exper iment  in  g radua ted  tube, 3 hrs.  a t  160 ~ 10 mole % 2-methylquinol ine  catalyst, ag i ta t ion  by gas-dispers ion tube. 
d F r o m  analysis  of the crude crysta l l ine  solid p rec ip i ta ted  f rom acetone at  0 ~ 
e Unreac ted  oleic acid p resen t ;  analysis  based on oleic acid converted.  
f Smaller  scale exper iment  in  g r adua t ed  tube, 160 ~ 1% KOt t ,  ag i ta t ion  by gas-dispers ion tube. 

reaction and the conditions which promote monoester 
fornlation, the present report  concerns the alkali- 
catalyzed reaction of ethylene oxide or propylene 
oxide with laurie, stearic, and oleic acids, under con- 
ditions such that only about one mole of the oxide 
was condensed with one mole of the fa t ty  acid. 

The experiments centered around a low degree of 
ethenoxylation or propenoxylation because it was of 
interest to learn if transesterification, or alcoholysis, 
occurred to a significant extent even in the very early 
stages of the formation of detergents or surface-ac- 
tive agents. The low average value of n limited the 
average molecular weight and the number of homolo- 
gous mono- and diesters formed. Thus it was possible 
to isolate chemical individuals by fractional distilla- 
tion at low pressure in the laurie acid experiments, 
and by fractional crystallization from acetone in the 
stearie acid experiments. 

Ratio of Mono- to Diester 

In  general, the reaction conditions were quite simi- 
lar to those described previously (17). An agi tated 
mixture  of f a t t y  acid and 0.5-1.0% K O H  catalyst  was 
heated in a stream of nitrogen to remove moisture. 
Ethylene  oxide or propylene oxide was then intro- 
duced at a reaction tempera ture  of 155-190 ~ until 
t h e ' w e i g h t  increase corresponded with the selected 
value of n (usually n = 1). A calculated amount of 
concentrated HC1 was added to neutralize the catalyst,  
and the mixture  was filtered and analyzed by  the 
method of Malkemus and Swan (7) to determine 
the proport ion of monoester, diester, and glycols 
(Table I ) .  

Most of the experiments were carried out in 3-neck 
flasks charged with 150 g. or more of tile f a t t y  acid. 
A combination of conditions including a lower reac- 
tion temperature ,  an increased amount, of catalyst,  
and more effective agitat ion (reaction conditions 
" b " )  somewhat encouraged monocster formation.  
The smaller scale experiments  4 and 9 were carried 
out in graduated  tubes of 100 ml. and 50 ml., respec- 
tively. Catalysis with 2-methylquinoline (experiment  
4), an amine unrcactive with cyclic ethers (10), gave 

results similar to those with the usual catalyst except 
that the reaction did not appear to proceed farther  
after one equivalent of ethylene oxide had been 
condensed. 

Diester and glycol formation occurred even at a 
very early stage of ethenoxylation or propenoxylation. 
The ratio of mono- to diester was highest in the initial 
stage before complete conversion of the carboxylie 
acid (experiment 5), after which the ratio decreased 
or remained of the same order of magnitude with in- 
creasing values of n. Glycol monolaurate (experiment 
9) also gave rise to polyethylene glycols and diesters 
with increasing ethenoxylation. A like experiment 
with glycol dilaurate showed no reaction: the diester 
was recovered unchanged. This failure to react is not 
unexpected but may be influenced by inadequate solu- 
bility of the catalyst. 

Isolation of Individual Esters 

Lauric Acid Experiments. After  neutralization of 
the catalyst and removal of KC1 by filtration, 300 g. 
of the laurie acid-ethylene oxide reaction product  (ex- 
periment 1, Table I)  were carefully distilled at re- 
duced pressure, using an 18-in. Vigrcux column. The 
course of distillation was followed by refractive index, 
melting point, and analyses for free fa t ty  acid (as % 
laurie acid), saponification equivalent, and % hy- 
droxyl. The fractions listed were selected and sub- 
jected to repeated crystallization from acetone at 0 ~ 
or --25 ~ . 

In  this manner ethylene glycol monolaurate, dilau- 
rate, and diethylene glycol dilaurate were isolated in 
a pure state. Similar distillation of the laurie acid- 
propylene oxide reaction product led to the isolation 
of 1,2-propylene glycol dilaurate. The propylene gly- 
col monolaurate was found to be a mixture of isomeric 
monoesters, as will be shown later. 

Stearic Acid Experiments. The products from the 
stearic acid experiments could not easily be distilled. 
Ethylene glycol distearate and 1,2-propylene glycol 
distearate were isolated by repeated crystallization 
from acetone, a solvent in which the monoesters are 
more readily soluble. 

% 
Frac t ion  Grams  n ~o m.p. L a u r i e  S.E. % Dis t i l l a t ion  

OH range / ram.  acid 

C-D .................................................................. 46 1.4327 22 ~ 5.8 284 7:8 104--14~ 
H-K ........................................................................ 80 1.4350 48-50 ~ 0.2 219 0.3 186-90~ 
N .......................................................... 21 1.4360 42-45 ~ 0.3 231 0.1 197-201~ 
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E x p e r i m e n t  No. E s t e r  Bo i l ing  ~Iel t ing p o i n t  po in t  c or  f r eez ing  n t 
po in t  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 ........................................................................ 
4 ........................................................................ 
5 ........................................................................ 

6 ........................................................................ 

7 ........................................................................ 

C~III~C02C~HdOI-I, e thylene glycol m o n o l a u r a t e  
(Cntt2~C 02CI-I2)2, e thylene glycol d i l au ra t e  
(C11H,~3C02CH2C!~,2)20, diethylene glycol d i l au ra t e  ~ 
( C17H~C 0~CH2) z, e thylene  glycol d i s t e a r a t e  
CnH'~sCO2CH2CHOllCH3,  clln.~sCO2CH (CHa)  Ct t2OH,  

1,2-propylene glycol m o n o l a u r a t e  b 
CnH23COeCH2CI-I (CH~) O~CClltt2a, 1 ,2-propylene 

glycol d i l a u r a t e "  
C17HsJCOeCHeCH(CIts )  0 2 C C ~ I ~ ,  1,2-propylene 

glycol d i s t e a r a t e  

1 1 4 ~  
1 8 8 ~  
2 0 0 ~  

1 2 6 ~  

1 9 6 ~  

31 .6 -32 .0  ~ 
51 .6 -52 .1  ~ 
38 .8 -39 .7  ~ 
74 .4 -75 .0  ~ 

6 - 6 . 5 ~  (f .p . )  

21.9~ (f .p . )  

58 .2 -59 .0  ~ 

1.4330,  t = 6 0  ~ 
1.4348,  t = 6 0  ~ 
1.4360,  t z 6 0  ~ 
1.4369,  t ~ 7 5 '  

1 .4417,  t = 3 0  ~ 

1.4443,  t = 3 0  ~ 

1.4412,  t z 6 0  ~ 

New compounds .  A n a l y s e s :  Calcd. for  CesIt~Oo~, 71 .44% C, 1 1 . 5 6 %  I t ;  found  71.62, 11.43. Calcd, for  CsTtts20~, 73 .58% 0, 1 1 . 8 9 %  t t ;  found  
73.62, 11.92. 

b F o u n d  by chromic  ac id  ox ida t ion  to be a m i x t u r e  of the  1- a n d  2-monolaura te .  
c Dis t i l la t ion t e m p e r a t u r e  of the  p r inc ipa l  f r ac t ion  at  the  ind ica ted  p r e s s u r e  in  ram. 

Analysis and Physical Constants. Analyses for  car- 
bon and hydrogen, saponification equivalent, and per- 
centage of hydroxyl  agreed with the calculated values 
for  all the compounds of Table II .  The melt ing points 
are also in agreenient with those values which can be 
found in the l i terature (8, 13, 16) except that  an 
unusual ly  high melt ing point of 72.3 ~ has been re- 
ported for 1,2-propylene glycol distearate (5). The 
density, d~ ~ was found to be 0.9133 for  propylene 
glycol monolaurate,  and 0.8972 for  propylene glycol 
dilaurate.  Exper imenta l  molecular re f rac t iv i ty  val- 
ues checked with the sum of atomic refraetivities.  

Propylene Glycol Monolaurate 
Not much informat ion exists in the l i terature  con- 

cerning the relative amounts of isomeric monoesters 
to be expected in the alkali-catalyzed reaction of 
propylene oxide with f a t t y  acids. Chitwood and 
Freure  (2) have shown that  the product  with lower 
alcohols is almost exclusively the secondary alcohol 
R O C H 2 C H O H C H 3 ;  Fraenkel -Conra t  and 01colt (4) 
obtained only secondary alcohol esters 

RCO2CH2CHOHCH3 

f rom the reaction with butyr ic  or valerie acids under  
conditions such that  only monoesters were formed;  
and Ross (12) showed that  reaction with benzoate 
ion gave both the 1- and the 2-monobenzoate. How- 
ever none of these reaction conditions quite coincided 
with those of our experiments. 

The method used to show the presence of the two 
monolaurates (No. 5, Table I I )  was based on oxida- 
tion, and on separat ion and identification of the re- 
sult ing keto ester and carboxylie acid ester. 

Oxidation of the propylene glycol monolaurate  with 
chromic acid in acetic acid gave an acidic oil, which 
gave a positive test for  an a-ketol with t r iphenyl te t ra-  
zolium chloride. The acidic port ion was separated by  
salt format ion with 2-aminopyridine (11) in ]igroin 
and was isolated as the 2-aminopyridine salt of 
O-lauroyllaetie acid m.p. 82.8-83.4 ~ (analysis: cal- 
culated for  C29H34N204, 65.54% C, 9.35% H, 7.64% 
N;  found 65.74, 9.76, 7.53, respectively).  O-Lauroyl- 
lactic acid m.p. 34.8-35.6 ~ was regenerated f rom the 
salt and converted to lactanilide laurate  m.p. 107.8- 
108.4 ~ [no m.p. depression with an authentic sample 
(3) ]. The ident i ty  of the ester acid f rom oxidation 
was fu r the r  confirmed by comparison with O-lauroyl- 
lactic acid m.p. 36.0-36.5 ~ synthesized f rom lauroyl- 
lactamide (3) by the action of ni trosyl  chloride. The 
two samples of O-lauroyllaetie acid showed no sig- 
nificant depression of the melt ing point on mixing 
and had the same characteristic in f ra red  absorption. 

Repeated crystall ization of the nonacidie port ion 
f rom acetone gave acetonyl laurate  nl.p. 30.7-31.0 ~ 
converted to the 2,4-dinitrophenylhydrazone m.p. 78.5- 
79.0 ~ These melt ing points are in good agreement  
with those in the l i terature  (9). 

Examinat ion  of the oxidation product  showed tha t  
the ratio 1-monolaurate:2-monolaurate was approxi-  
mately  2:1, but  the al ternat ive types of propylene ox- 
ide ring opening did not necessarily occur in this ratio 
because of the possibility of forming either isomeric 
monoester f rom the di laurate by aleoholysis. 

Summary 
The alkali-catalyzed reaction of ethylene oxide or 

propylene oxide with f a t ty  acids was shown to be com- 
plex. Mono- and diesters were formed in comparable 
amounts  even at an early stage when only about one 
equivalent of the cyclic ether had been condensed. 

The following compounds were isolated in a pure  
state: ethylene glycol monolaurate,  ethylene glycol 
dilaurate,  diethylene glycol dilaurate,  ethylene glycol 
distearate, 1,2-propylene glycol dilaurate,  and 1,2- 
propylene glycol distearate. A monoester f rom pro- 
pytene oxide was shown to be a mixture  of the 1- 
and 2-monolaurate [CnH23C02CH2CHOHCH3 and 
C11H23CO2CH (CH3) C H 2 0 H  ]. 
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