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dent that castor polyols can serve as effective urethane 
components. Aside from serving as major polyols for 
reaction with di*isoeyanates, they can also be used as 
modifying polyols a) to speed up prepolymer prep- 
aration, b) to adjust  prepolymer viscosity to any 
required degree, e) to minimize loss of modulus 
ou humid aging, and as cross-linking centers with 
negligible loss of foam modulus. Details covering 

the preparat ion of a nonshrinking, semi-rigid, light- 
weight urethane foam based on an 85% anhydrous 
castor oil/15% epoxidized castor oil mix are outlined 
in the article. 
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E 
STERS Of dibasic earboxylie acids are now used 
as the pr imary component in many synthetic 
oils. One such ester that  is encountered fre- 

quently is bis(2-ethylhexyl) sebaeate. This compound 
is acceptably stable at temperatures below 200~ if 
protected against oxidation with a small anmunt of 
phenothiazine or some other material, tIowever, at 
temperatures above 200~ that are reached in gas- 
turbine lubrication, this sebacate diester is subject 
to appreciable oxidative attack and also pyrolytic 
attack. 

Various products including unspecified acid com- 
pounds are produced when bis(2-ethylhexyl) sebacate 
is oxidized (1, 2). When the diester is pyrolyzed, the 
reaction follows this principal course (2, 3) : 

CaH,~ Ox~ #O /C,H 5 
/CHCH2- O-C(CH2) aC- O-CH~CH N 

C 4H9 C 4H9 

C~Hs~c =CH~ HO?C tO /C2Hs + - - (CHa)sr O- CH~CI-I~. 
C4Hy / "U4H 9 

That is, pyrolysis products are an olefin, 2-ethyl-l-hex- 
ene, and an acid monoester, 2-ethylhexyl hydrogen 
sebaeate. The acid monoester may undergo subse- 
quent decomposition to sebaeie acid and olefin. 

Recently it was necessary to determine whether the 
acid monoester was present in samples of degraded 
bis(2-ethylhexyl) sebaeate oils. Titration of acid was 
not a satisfactory method of identification inasmuch 
as acids other than the acid monoester were present. 
Therefore it was necessary to effect a separation of 
the acid monoester from other components of the oil. 

The simplest means of separating acids from the 
other components seemed at first, to be extraction with 
aqueous sodium hydroxide or other alkali. However 
the sodium salt of the long-chain acid, 2-ethylhexyl 
hydrogen sebaeate, caused a very stable emulsion to 
form, and no satisfactory means of separating the 
water and oil phases could be found. Other sepa- 
ration methods were investigated therefore, and a 
useful procedure was developed by use of organic 
solvent-extraction. 

Procedure 
In their work on the separation of various fatty 

acids Ahrens and Craig (4) successfully used as 
solvents n-heptane and a mixture of aeetonitrile, 
methanol, and acetic acid. In the present work the 
solvent pair Skellysolve C (principally n-heptane) 
and acetonitrile-methanol (a mixture of two volumes 
of aeetonitrile and one volume of methanol) was 
found to be useful as a means of separating bis(2- 
ethylhexyl) sebaeate and its acid monoester. If a 
mixture of the monoester and diester 5s distributed 
between Skellysolve C and acetonitrile-methanol, the 
monoester is contained primarily in the acetonitrile- 
methanol phase and the diester is contained primarily 
in the Skellysolve C phase. 

Based on this difference in distribution properties, 
the following procedure was adopted for separating 
monoester and diester: 

a)  A 15-g. sample  of oil is dissolved in 45 m]. of aeetoni t r i le-  
methanol and extracted with 180 ml. of Skellysolve C. The 
Skellysolve C phase is then discarded. 

b) The acetonitrile-methanol phase is again extracted with a 
four-fold excess of Skellysolve C, and the hydrocarbon phase is 
discarded as before. 

c) The portion of the original oil sample remaining in the 
acetonitrile-methanol phase after the second extraction is re- 
covered by evaporating the solvent. Then this residue is dis- 
solved in Skellysolve C at the approximate concentration of 
0.1 g./ml. For this solution the infrared absorption spectrum 
between 1,600 and 2,000 am.-" is recorded to permit the mono- 
ester to be identified. (See the following section, Spectral 
Interpretation.) 

This procedure has proved satisfactory for isolat- 
ing an appreciable portion of the monoester when it 
is present in the original oil at a concentration of 
approximately 5 mole-percentage. In  order to obtain 
isolation when the concentration is much less, one or 
more additional extraction steps should be added to 
the procedure. 

Discussion 

Spectral Interpretation. In  the infrared spectral 
region, mixtures of the monoester and diester absorb 
at 1,710 era. -~ because of the carboxyl group in the' 
monoester and at 1,740 cm. -1 because of the ester 
groups in both the monoester and diester. Spectra 
are shown in Figure  1 for Skellysolve C solutions 
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Fie. 1. Infrared spectra of Skellysolve C solutions of (A) a 
degraded oil and (B), (C), concentrates of the monoester ob- 
tMned by solvellt extraction of the oil. 

tha t  contained approximate ly  0.1 g. /ml,  of (A) a 
degraded oil sample, (B) the monoester concentrate 
obtained by one extraction, and (C) the monoester 
concentrate obtained by two extractions. Spec t rum 
(A) shows that  the monoester absorption at  1,710 
era. -t is obscured by intense diester absorption at 
1,740 era. -1 when the concentration of monoester is 
only about 5 mole-percentage.  But  spec t rum (B) 
shows that  one extraction sufficiently concentrates the 
monoester with respect to the diester that  the 1,710 
em. -1 band is par t ia l ly  resolved f rom the 1,740 era. -1 
band. F ina l ly  it is shown by  spectrum (C) that  the 
second extract ion leaves behind relatively pure  mono- 
ester, inasmuch as the 1,710 and 1,740 cm. =1 bands 
are near ly  equal in intensity, as they are for pure  
monoester. 

Spectra  similar to (C) have been obtained for  the 
oil residues that  remain af ter  two extraction steps, and 
these spectra have been accepted as positive identifi- 
cation of the monoester. I f  the pr incipal  acid in the 
oil were not the acid monoester but some other com- 
p o u n d - - i n  par t icular ,  if the acid were some compound 
that  contained no ester l inkage- -a  spectrum such as 
(C) could not be obtained, that  is, there could be only 
very slight absorption at 1,740 cm. -1 on account of 
the vi r tual  absence of ester f rom the sample. 

Distribution Cool, clouts. Coefficients for the distri- 
bution of bis(2-ethylhexyl)  sebacate and 2-ethylhexyl 

hydrogen sebacate between acetonitri le-methanol and 
Sketlysolve C were determined by dis t r ibut ing f rom 
0.1 to 1.2 g. of each compound between 20-ml. portions 
of the two solvents. The volume of each phase at 
equilibrium and the amount  of solute contained in it 
were determined, and distr ibution coefficients were 
calculated as the ratio of concentration in aeetonitrile- 
methanol  to concentration in Skellysolve C. (The two 
solvents were par t ia l ly  miscible, as shown by the fact  
that  the volume of the aeetonitri le-methanol phase at 
equilibrium was approximate ly  24 ml. and the vol- 
ume of the Skellysolve C phase was only about 16 
ml.) Results of these measurements  are summarized 
as follows: 

Diester --0.117 g. distr ibuted D=0.16s  
1.168 g. distr ibuted D =0.164 

Average value D = 0.166 

Monoester--0.098 g. distr ibuted D = 6.3s 
0.575 g. distr ibuted D = 6.7e 
0.980 g. distr ibuted D = 7.16 

Average value D = 6.8 

For  the diester the distr ibution eoef6eient was ap- 
proximate ly  constant over a ten-fold concentration 
range. Fo r  the monoester the distr ibution coefficient 
apparen t ly  increased as the concentration increased. 
Such an effect could be caused by association or dis- 
soeiation of monoester molecules in one of the phases. 

These distribution constants are of interest  to indi- 
cate only semiquant i ta t ively the degree of separat ion 
that  can be effeeted by extraction. The constants are 
not str ict ly appropr ia te  for  the procedure detailed 
above, pr incipal ly  because the relatively large sample 
of oil appreciably  changes the composition of the two 
solvents ill reaching equilibrimn. 

S u m m a r y  

The acid monoester 2-ethylhexyl hydrogen sebacate 
has been identified in bis(2-ethylhexyl)  sebaeate oils 
by car ry ing  out a par t ia l  separat ion of components 
with the solvents Skellysolve C and aeeto.nitrile-meth- 
anol and by  examining the inf rared  spect rum of the 
fract ion contained in the acetonitri le-methanol phase 
for  the characteristic 1,710- and 1,740-em. ~1 absorp- 
tion peaks of the monoester. 

A c k n o w l e d g m e n t  

This work was carried out in connection with Con- 
t rac t  No. AF  33 (616)-5006 for the Propuls ion Labora- 
tory  at Wr igh t  Air  Development Center of the U. S. 
Air  Force. 

P~GPlg R~NC~I~ 

1. Murphy,  C. ?r and  Ravner ,  I-1., Ind.  Eng.  Chem., 44, 1607-1612  
(1952) .  

2. Cole, J'. W. fir., ~VADC Technical t~eport 53-293, Wr igh t  Air 
Development Center, Wr igh t -Pa t t e r son  Air  l%ree Base, Ohio, 1953~ 

3. Dismukes, E. B., WADC Technical tgeport 58-125, Wr igh t  Air  
Development Center, Wr igh t -Pa t te r son  Air  Force Base, Ohio, 1958. 

4. Ahre~s, E. H .  Jr . ,  and  Craig, L. C., ft. :Biol. Chem., 195, 299 -310  
(1952) .  

[Received September 12, 1958] 


