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of fragments would also provide insight in the per- 
formance of heterogeneous catalysts. Obviously, a 
pre-screening survey must be made before such de- 
tailed investigations are made. The proposed method 
has proved exceedingly useful in this respect. 
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Analysis of Fatty Acid-Ethylene Oxide Adducts 
by Countercurrent Distribution 
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Atlas Chemical Industries, Inc., Wilmington, Delaware 

Abstract 
Countercurrent distribution (CCD) has been 

found to be a very satisfactory means for the 
direct determination of free polyol, monoester 
and diester in a wide range of fat ty acid-ethylene 
oxide adducts in which the average polyoxyethyl- 
ene (POE) chain length varies from 1 4 0  ethylene 
oxide units. A suggested procedure with three 
solvent systems, providing optimum separation 
over the entire scope of products, is presented in 
this paper. 

Several fa t ty  acid-ethylene oxide derivatives 
were analyzed and good separations were ob- 
tained as indicated by well-defined wt distribu- 
tion curves. The results on POE-8-stearate verify 
earlier conclusions that the product consists of 
unesterified POE glycols and POE glycol mono- 
and diesters in the approximate molar propor- 
tions of 1:2:1. 

CCD was also used to effect partial fraetionation 
of the monoester according to POE chain length. 
The fraetionation, although incomplete, is suf- 
ficient to permit estimation of polymer distribu- 
tion. 

Introduction 

T HE LITERATURE (1,2,3) reports several methods for 
the analysis of the products resulting from the 

reaction of long-chain fat ty  acids with ethylene oxide 
or POE glycols. The overall reaction results in an 
equilibrium mixture of free POE glycols, monoesters 
and diesters of the fat ty acid as discussed by Birk- 
meier and Brandner (2). 

Malkemus and Swan (1) developed a method for 
the analysis of POE glycol esters which they applied 
both to products made by esterifying POE glycol with 
fat ty acid and to adducts of fa t ty  acid and ethylene 
oxide. The free POE glycol is extracted from the 
product and discarded. The remaining ester portion 
is analyzed for saponification and hydroxyl numbers. 
From these constants and those of the original ma- 
terial, the quantities of free polyol, monoester and, 
diester are calculated. The procedure is quite simple, 
but requires great accuracy in the determination of 
the analytical constants. 

Birkmeier and Brandner (2) reported a procedure 
for the analysis of POE-8-stearate (Myrj| 45, Atlas 
Chemical Industries, Inc.). This method requires re- 
covery and analysis of both the unesterified POE 
glycols and the mixed esters. The relative amounts 
of monoester and diester are calculated from the 

x Presented in part at the AOCS meeting in St. Louis, 1961. 

saponification and hydroxyl numbers of the mixed 
ester portion after  correcting for the small amounts 
of free fa t ty  acid, ash and water which are present. 

There is disagreement among the several investiga- 
tors on the mole ratios of free polyol, monoester and 
diester in the products. Malkemus and Swan and 
Wrigley, Smith and Stirton (1,4,5) reported mole 
ratios of monoester to diester varying from 1:1-2:1. 
In the previously mentioned paper (2) the authors 
determined the mole ratio of free polyols to mono- 
esters to diester to be ca. 1:2:1, and pointed out that 
this is the mole ratio expected if ester interchange 
is established during the ethylene oxide addition. 

Since all of the foregoing estimates of composition 
were indirect, and, at most, involved separation of 
free polyol from the ester portion, but not of mono- 
ester from diester, a search for a more satisfactory 
separation procedure appeared desirable. Some trial 
was made of column chromatography which had been 
reported to be applicable (3), but incomplete sepa- 
rations were observed in our laboratory. Attention 
was then directed to the CCD technique developed by 
Craig (6). 

The present paper describes the application of the 
CCD technique for the direct determination of free 
polyol, mono- and diesters in long chain fa t ty  acid- 
ethylene oxide adducts. A solvent system, which 
had been reported by Drew and Schaefer (7) for 
the separation of reaction products resulting from 
the addition of ethylene oxide to long-chain alcohols, 
was found satisfactory for the analysis of products 
prepared with 1-8 moles of ethylene oxide/mole fat ty 
acid. Modifications of the system were necessary for 
satisfactory separations of similar derivatives in which 
20 and 40 moles ethylene oxide were added. 

Experimental 
Apparatus and Solvent Systems. The CCD ap- 

paratus employed is the Model No. 5-B (H. O. Post 
Scientific Instrument Co., Inc.). I t  has 100 ceils with 
a capacity of 40 ml in either phase. Flasks for the 
evaporation of extract are extraction type, flat bottom, 
wide neck and 150 ml capacity. 

The solvent systems used are as follows: 

S o l v e n t  S y s t e m  C o m p o s i t i o n ,  % ( V / V )  

S y s t e m  ........................................... I A B C 
S o l v e n t  

H e x a n e  ....................................... 35 34 32 
C h l o r o f o r m  . . . . . . . . . . . . . . . . . . . . .  15 16  18 
A b s o l u t e  e t h a n o l  ....................... 1 40  . . . . . . . .  
3 -A d e n a t u r e d  e t h a n o l  .............. 40 40 
W a t e r  ......................................... "i0 10 10 
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Hexane  is a commercial  grade solvent which is 
redisti l led jus t  pr ior  to use. Chloroform is reagent  
grade. Dena tured  alcohol is fo rmula  3-A, which con- 
sists of 5 gal commercial ly pure  methyl  alcohol added 
to 100 gal ethyl alcohol. 

Solvents in the propor t ions  indicated are mixed 
thoroughly  and allowed to separate  into two phases 
jus t  before use. The volumes should be sufficient to 
yield at least 6 liters of either phase. Solvent Sys- 
tem A is used for  products  containing 1-8 moles 
ethylene oxide/mole f a t t y  acid. Systems B and C are 
used for  products  containing 20 and 40 moles, re- 
spectively, ethylene oxide. 

Procedure. Approx imate ly  6.25 g sample, weighed 
to the neares t  eg, is dissolved in lower phase solvent 
and diluted to 250 mI in a volumetric  flask. Lower 
phase solvent is t r ans fe r red  into the cells of the ap- 
pa ra tus  with the exception of the first five, which 
are left  empty  to receive the sample. F o r t y  ml ali- 
quots sample solution are then pipel ted :into the first 
five cells of the appara tus .  Fo r ty  ml uppe r  phase 
solvent is placed in each of the five sample cells, 0-4. 
It  is also placed in the three cells, 5,6 and 7 im- 
mediately  ahead of the sample cells in order to ensure 
conditimfing of the lower phase in advance, and thus, 
mininiize vohune distortion. The robot drive mecha- 
nism ot! the CCD appa ra tus  is set for 20 equilibration 
strokes. Time for settling is adjusted according to the 
tinm ol/s(,E'w,d for  the coniplete, separatioll  of layers 
:following the first equil ibration period. A funda-  
n ien ta l  (listril)ution of !)5 t ransfers  is autolnatically 
carr ied out, using 40 ml uppe r  phase solvent, deliv- 
ered by the automat ic  filling device, for each t ransfer .  

The entire contents of every second cell f rom 0-99 
are siphoned into weighed 150-ml flasks. The solvent 
is evaporated on a steam bath dur ing  a period of ca. 
2 hr  and the residue which remains is dried in a 
vacmun oven at 6()C for  1 hr. With  products  contain- 
ing nn)re than 8 moles ethylene oxide/  mole f a t ty  
acid, it is advisable to pass a s t ream of ni trogen into 
the flask while on the steam bath to prevent  excessive 
oxidative degradat ion  of the polyoxyethylene moiety. 
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The flasks are finally reweighed to obtain the wt  
of solute. A wt  dis t r ibut ion curve is then prepared  in 
which wt of solute is plot ted vs. cell number.  Three 
peaks are obtained. The first, nearest  eell 0, is that  
of free polyol. The seeond and thi rd  peaks are roche- 
ester and diester, respectively. The wt composition 
of the product  is determined f rom the curve by add- 
ing the wt of solute contained in all of the cells under  
each peak. The per  cent of each component  is based 
on the total  wt  of the f ract ions in order to correct 
for  a small loss which occurs in t r ans fe r r ing  the liquid 
phase to the flasks. 

A somewhat modified procedure is recommended 
for  adducts  in which the mole ratio of ethylene oxide 
to f a t t y  acid is less than  7 and where adduets  are 
likely to contain significant amounts  of volatile, low 
reel wt glycols. The contents of every second (,,ell 
f rom 30-99 arc analyzed gravimetr ical ly  in the man- 
ner previously described. IIowever,  the free polyol, 
which is contained within cells 0-29, must  be measured 
by some suitable means in which there is no loss of 
volatile glycols (see Note 1). 

Note 1. A general procedure has not been devised 
for  the determinat ion of the free polyol in all prod- 
uets containing less than 7 moles of ethylem; oxide/  
mole fa t ty  acid because of the w)laiilily of l hv  lower 
glycols, llowew~r, th(, folh>win~ steps were found 
sat isfactory for  measnr(,ment (if the free polyol eon- 
ter l t  of one spe, eifie pr()(hl( ' t  in wh ivh  0.8 ntoles e, thy l -  
one oxide were added: The combined (<ell eOltlellts> 
0 29, wore evaporated to a 5-1hi viii at  60(7, using a 
Rineo rota t ing evapora tor  and the predoniinantly 
aqueous solution which resulted was analyzed for 
ethylene, diethylene and tr iethylene glyoeols by gas 
chromatography.  In this manner ,  bolh the quanti ty 
and composition of the free polyol were obtained. 

Presumably  the free polyol of products prepared  
froni 2-6 moles ethylene oxide/nn)le f a t ty  acid could 
be measured by a combination of gas chromatography  
and gravimetry .  For  example, lower glycols through 
tr iethylene could be measured before and af ter  com- 
plete evaporat ion of the aqueous solution. The wt 
of the residue a f t e r  evaporat ion couht then be cor- 
rected for the loss of volatile glycols. 

Results and Discussion 

Fractionation of Fatty Acid-Ethyle~e Oxide Ad- 
ducts into Free Poly'ol, Monoester a,~d Diester. A 
complete analysis is easily accomplished within two 
days, since the eountereurrent  extract ion may be 
run  automatical ly  overnight.  Usually as little as 
3 min is sufficient for  a dean-cu t  separat ion of sol- 
vent  layers. The solvent systems which are employed 
are unique in prevent ing  s tubborn emulsions which 
f requent ly  occur when working with surface-active 
agents and other systems. 

Wt  distr ibution curves obtained by the CCD of 
various f a t t y  acid-ethylene oxide adduets  including 
PON-8-stearate,  POE-8.5-oleate, POE-20-palmita te  and 
POE-40-stearate  (Myrj |  52, Atlas Chemical Indus- 
tries, Inc.)  show in F igures  1-5. F igures  1,2,3 and 5 
represent  distr ibutions made with recommended sol- 
vent  systems. F igures  4 and 5 for  POE-40-stearate 
are both shown go i l lustrate the pronounced improve- 
merit in resolution effeeted by changing f rom solvent 
system A to solvent system C, which has a higher 
propor t ion of chloroform to hexane. 

Nor every product  which was analyzed, the material  
corresponding to each peak was recovered by  combin- 
ing the solutes encompassed by  the peak. The frae- 
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tions were then identified by one or more of the fol- 
lowing tests: 1) IR examination, 2) gas chromatog- 
raphy,  3) ester number and 4) hydroxyl  number. 
Ester  numbers were calculated from saponification 
and acid numbers which were determined essentially 
by AOCS methods (8).  Hydroxy l  numbers were de- 
termined by a modification of the method of West, 
Hoagland and Curtis (9).  

POE-8-stearate was the first of the f a t ty  acid- 
ethylene oxide adducts which were separated by CCD 
and therefore the component fractions were more 
ful ly  tested than those obtained in succeeding prod- 
uct separations. A typical  wt distribution curve for 
POE-8-stearate shows in F igure  1. The materials rep- 
resented by the three peaks were identified as free 
polyol, monoesters and diesters by IR spectra, ester 
and hydroxyl  numbers. The data which ident i fy  the 
fractions of POE-8-stearate show in Table I. 

As expected, the IR examination of the diester 
showed no - O H ,  more - C O O R  and less - C - O - C - /  
unit  wt than the IR spectrum of the monoester. For  

200 

180 

160 

~40 

120 

IO0 

E~ 
~} 8o 

6o 

I ' I I I I I { I I 

Q FREE POLYOL 

(~MONOESTER 

(~DIESTER 

40 

20 

! 
__~ _ I 

) 10 20 30 40 50 60 70 80 90 
CELL NUMBERS 

FIG. 3. CCD of POE-20-pa lmi t a t e ,  solvent  sys tem B. 

I 0 0  

385 

160 
MONOESTER 

co 140 

_jJ 120 

I 
iO0 

~: BO 

60 

J 

I 0 2 0  3 0  4 0 5 0  6 0  7 0  B O  9 0  I 0 0  

CELL NUMBER 
FIe .  4. COD of POE-40- s t ea r a t e ,  so lvent  sys t em A. 

all of the products  tested, regardless of the solvent 
system used, the fastest moving fract ion in the coun- 
t e rcur ren t  extractor  was the diester;  the slowest was 
the free polyol. 

Oxidative degradation dur ing recovery of fract ions 
was quite pronounced for products  in which the mole 
ratio of ethylene oxide to f a t t y  acid was 20 or 40. 
Air  oxidation leads to the format ion of aldehydes, 
acids and esters which produce falsely high saponifica- 
tion numbers. These can be prevented by introducing 
nitrogen into the flasks while heat ing the cell con- 
tents on the steam bath. No difficulty with air oxida- 
tion was observed for products  containing 1-8 moles 
of ethylene oxide. Air  oxidation par t icu lar ly  of the 
longer chain lengths must be prevented so that  frac- 
tions may be identified by  their  chemical constants. 
This need is clearly evident f rom the saponification 
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T A B L E  I 
Iden t i f i ca t ion  of CCD F r a e t i o n s - - P O E - 8 - S t e a r a t e  

Peak  1 Peak  2 Peak  3 
_ (Free  pol~ol~) (Monoes te r )  ] ( D _ i e s t e r _ )  

F o u n d  Calc 'd  / F o u n d  Calc 'd  P o u n d  Calc 'd 

% Yield .......................... I 17.10 } ...... J} 49.6 } .... } 33.3 ( . - - - -  ..... 
% Su l fa ted  ash . . . . . . . . . . .  0.83 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Acid no . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1.3 .... I 0.0 t ...... 
Es ter  no a . . . . . . . . . . . . . . . . . . . . . .  96 O 95 134.0 133 
t t y d r o x y l n o . a  ................. ] 3 1 6 . 0 0  I 338 I 91.0 I 95 I 0.0 t 0 

a P o u n d  va lues  for ester and hydroxyl  numbers  are corrected for iul- 
pur i t i es .  Calc 'd  values  are der ived  f rom the acid n u m b e r  (208)  and  
hydroxyl  n u m b e r  (338)  uf the fa t ty  acid and total  polyol, respect ively.  

numbers  for  POE-20-palmi ta te  in Table I I .  
An alkaline catalyst  is usual ly employed in the 

p repara t ion  of the f a t t y  acid-ethylene oxide adduets.  
The finished produc t  therefore  contains a small, equiv- 
alent alnount  of sodium soap which can be calculated 
f rom tile sulfated ash content. Some free f a t t y  acid 
lnay also be present  in the product  and can readily 
lie cstilllated f rom the acid number.  

F rom tile data  found for  the CCD fract ions of 
t 'OE-S-s teara te  (Table I ) ,  it is evident that  the so- 
dium soap and the free f a t t y  acid of the original 
product  are recovered in the free polyol and mono- 
ester fractions,  respectively. The sulfated ash and 
acid nunlber tlalan('~(~s are as follows: 

N~tt(atcd Ash--17.1% free polyol x ().83'/o sulfated 
ash = 0 . I 4 ~  on original product  basis versus 0.17% 
t'ouu(l. 

Acid number--49.6% nlonoester x 1.3 acid num- 
ber 0.65 on Ol'igilml product  basis versus 0.54 found. 

The finding of the sodium soap in the free polyol 
fraction was expected because of tile almost negligible 
so|ubili iy of soap in the uppe r  phase solvent, which 
is p redominan t ly  hexane. Similar  calculations showed 
that  the 17% free oleie acid in POE-0.8-oleatc was 
carr ied into the monoester fraction. 

The observations regarding  the location of free 
f a t ty  acid app ly  to separat ions made with solvent 
system A. Fo r  other products,  requir ing solvent sys- 
tems B or C, the location cf free f a t t y  acid, if  pres- 
ent, call readily be determined.  The yields of free 
polyol aml monoester may be corrected for  soap and 
free f a t ly  acid, if  the quanti t ies indicated by the 
chemical constants of the original p roduc t  make this 
desirable. 

The eolnposition of POE-8-s teara te  determined by 

T A B L E  I I  
Effect  of Ai r  Oxidat ion  on Saponif ica t ion  N u m b e r s - - C C D  :Fractions of 

POE-20-Pa lmi t a t e  

Saponification. n u m b e r  

F o u n d  af te r  evapora t ion  F rac t ion  
Calc 'd  

Air  p resen t  Air  absent  

Free  polyol ..................................... 30.8 1.0 0 
Monoester  ...................................... 73.3 49.0 49.3 
Dies te r  ........................................... 100.3 85.0 81.5 

T A B L E  I I I  
Composi t ion of POE-8-S tea ra t e  

By coun te r cu r r en t  d i s t r i bu t i on  By chemical  

Corrected method a 

Component  Uncor rec ted  
dry  basis  

% Sodium soap ............. 
% Free  polyol ................ 
% Free  fa t ty  acid .......... 
% Monoester  ................. 
% Dies ter  ...................... 

17.1 b 

49.6 e 
33,3 

Dry,  soap- I Dry, ash- 
r~r 1" "s I free, f a t t y l  free, fa t ty  

y . a m  acid-free acid-free 
- - I  b a s i ~ s  I basis  

0.7 . . . . . . . . . . . .  
106.4 16.6 15.6 

33.3 [ 33,6 I 35.5 

a Method of B i r k m e i r  and B r a n d n e r  (2 ) .  
b Conta ins  sod ium soap. 
e Conta ins  free fa t ty  acid. 

T A B L E  I V  
W e i g h t  Per  Cent  ~ and Mole Rat io  ~ of POE-8-S tea ra te  F r a c t i o n s  

[ W t  % 

Batch  of I polyol ester POE-S-s teara te  Free  ] Mono- 

A . _ . . ~  ~/2-6 %-7- 
B . . . . . . . . . . . . . . .  2 1 7 . 0  I 49.6 

Di- 
ester 

33.4 

Mole ra t io  

Free  Mono- Di- po>ll  estor I ester 

I: o 
a On a dry, soap-free, f a t ty  acid-free basis.  

CCD shows in Table I I I ,  both on an uncorrected and 
a corrected ( for  soap and ash) basis. Fo r  comparison, 
the composition of the same lot determined by the 
method of Birkmeier  and Brandner  (2) is included, 

Wi th  POE-8-s teara te  the correction for  soap and 
free f a t t y  acid does not seriously change the propor-  
tions of the major  fract ions as obtained direct ly f rom 
the CCD wt distr ibution curve. 

Table I V  shows the composition of two different 
batches of l 'OE-8-s teara te  in terms of both wt per  cent 
aud mole ratio, expressed on a dry,  soap-free, f a t t y  
acid-free basis. 

The average nlol wt  of the free polyol used to 
convert  wt per  eent to moles was calculated f rom the 
hydroxyl  number  of the free polyol fraction, a f ter  
correcting for the soap present.  The tool wt of the 
mono- and diesters were calculated f rom their ester 
llumhers. The mole ratio o[ free polyol 1o monoester 
t od ie s t e r  i s a p p r o x  1:2:] .  These results arc in agree- 
ment  with those in the l i terature (2),  mimcly, an 
average mole ratio of 1.]2:].99:1.00 for  free poly- 
glycols, nlonoester and diester, rcsp(,elively. As 
pointed out in the cited paper,  the slighl deviation 
from a 1:2:1 thole ratio can be aeeollnted for by the 
basic catalyst  and traces of water  in the reactants. 

The polylner length (average nlHnber of oxyethyl- 
ene units)  of the free polyol was determined f rom its 
hydroxyl  number.  The polymer  lengths t)t! the mono- 
esters and diestcrs were calculated both froln the ester 
number  and f rom the per  cent oxyethylene (10) of 
fract ions separated by CCD. These data  (Table V) 
show that  tile three component  fract ions of POE-S- 
stearate have essentially the same t/olymer h'ngth. 

The compositions of the various other f a t ty  acid- 
ethylene oxide adducts  which were analyzed by CCD 
are listed in Table V[.  

Da ta  in Tables I I I  and IV  show that  corrections for 
soap and free f a t ty  acid are minor except for POE-  
0.8-oleate. I t  was considered needless to app ly  cor- 
rections to the CCD yields of free polyol, lnonoester 
and diester obtained f rom the higher tool wt prod- 

T A B L E  V 

Polymer  L e n g t h  of POE-8-Steara te  F rac t iuns  a 

Ester  no .................................................. 
Polymer  length  f rom ester no . . . . . . . . . . . . . . . . .  

% Oxyethylene (C2H+O) ....................... 
Po lymer  length  f rom % C2H.IO .............. 
Hydroxy l  no. (OH no.)  . . . . . . . . . . . . . . . . . . . . . . . . . .  

Polymer  length  f rom O H  nu ................... 

Free polyol Monoester  I Dies t er  

.......... 95.60 133.70 

.......... 7.20 1 7.21 

.......... 59.90 37,30 

i 2 797 
7.67 . . . . . . . . . . . . . . . . . . .  

a Da ta  shown for free polyol are corrected to a soap-free bas i s ;  da ta  
for monoester  are corrected to fa t ty  acid-free basis. 

T A B L E  u  

Composi t ion of Pa t ty  Acid- - -Ethylene  Oxide Adduc t s  by COD 

[ Descr ip t ion  of adduc t  
F a t t y  acid t 
Mules E T O  ............ l 01eic 0leie  Oleie Pa lmi t i e  Stear ic  

t 
0.8 8.5 20 20 40 

W t  per  cent  
Sod ium soap ......... ] 1.3 0.6 . . . . . . . . . . . . . . . . . .  
Free polyol ............ ~ 0.8 17.6 30.2 24.1 28.5 
Free  fa t ty  acid...,.. I 17.3 0.3 . . . . . . . . . . . . . . . . . .  
Monoester  ............. ] 66.4 49.8 46.2 49.3 47.8 
Dies t er  .................. ! 14.2 31.7 23.6 26.6 23.6 
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Fro. 6. CCD of POE-8-stearate monoester fraction, solvent 
system A. 

uets containing 20 and 40 moles ethylene oxide. 
F a t t y  acid-ethylene oxide adducts  are esters. Sim- 

ilar products  are often manufac tu red  by the direct  
csterifieation of P O E  glycols with f a t t y  acids. Con- 
sequently, the CCD technique described in this pape r  
should also be applicable to such products ,  within 
the tool wt range of the f a t t y  acid-ethylene oxide ad- 
dition products  whieh have been studied. 

Polymer Distribution of Monoester Fraction of 
POE-8-Stearate. A s tudy  was made of the feasibil i ty 
of f rac t ionat ing POE-8-s teara te  monoester according 
to the length of the P O E  chain by CCD. Using sol- 
vent system A, the monoestcr was quant i ta t ively  sep- 
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F i e .  7. PolFmer length distribution of POE-8-stearate mono- 
ester fraction. 
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Fro. 8. Polymer distribution of POE-8-stearate (polyol 
basis). 

a ra ted  f rom free polyol and diester by the appl icat ion 
of 127 t ransfers .  The separat ion involved removal  
of the diester by  the single wi thdrawal  technique and 
removal  of free polyol by  s iphoning the contents of 
cells 0-30 at the completion of the distr ibution.  The 
emptied cells were refilled with fresh solvent phases 
and the monoester  f rac t ion  remain ing  in the instru-  
ment  was recycled for 118 more t ransfers ,  making  a 
total  of 245. A typica l  wt dis tr ibut ion curve for  
POE-8-s teara te  monoester  a f te r  245 t ransfers  shows 
in F igure  6. 

The solutes recovered f rom successive groups  of 
four  cells were subjected to saponification number  de- 
terminations.  The average tool wt and polymer  length 
of each f rac t ion  was calculated f rom the saponification 
number .  An integral  dis t r ibut ion curve was prepared ,  
p lot t ing polymer  length against  cumulat ive  wt  per  
cent (Fig.  7). 

The polymer  dis tr ibut ion of the P O E  glycol in the 
monoester por t ion of POE-8-s teara te  was then calcu- 
lated f rom the in tegra l  curve. F igu re  8 shows, by a 
bar  graph,  the results of three different determina-  
tions on two batches of POE-8-stearate .  The percent-  
ages are expressed on the polyol basis. These values 
differ somewhat  both f rom the values predic ted  by  
Flo W (11) and those obtained by Bi rkmeier  and 
Brandne r  (2) by  f rac t ional  distillation. Examina-  
tion of several of the f ract ions  showed them to be con- 
t iguous mixtures  of polymers.  This work shows tha t  
CCD has some mer i t  as a r ap id  means of obta ining an 
approx  polymer  distr ibution,  but  lacks discrimination.  
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