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TABLE V 
Analysis of Methyl ]~ster ~f Polymeric and D~graded Fract ious 

Fatty acid 

A ~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B *  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C *  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D *  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E *  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F *  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C15  :o . . . . . . . . . . . . . . . . . . . . . . . . .  

Azelaic]" .................. 
C16 :o . . . . . . . . . . . . . . . . . . . . . . . . .  

Sebacic? .................. 
C18 :o . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 1 8 : 1  . . . . . . . . . . . . . . . . . . . . . . . . .  

C~s:2 ......................... 

c (8.1) ~ 

Fractions 

E (10.4) D (13.0) 

+ 
0.42 
0.34 

10.8 
5.3 
2.9 
1.9 

25.7 
52.6 

0.64 
0.36 
0.45 

t 0.32 

1.2 
++ 

10.0 
4.2 
2.1 
1.4 

29.1 
50.1 

0.53 
0.44 
0.30 

+ 
+ 

;3 
3.1 
0.6 
1.7 

28.2 
55.1 

F (5,6) 

++ 
1.2 
0 .40  
++ 

1.4 
10.7 

1.0 
2.1 
1.8 

28.7 
51.7 

* Unidentified. 
Tentatively identified by retention time and internal s tandards.  
F igures  in parenthesis indicate values in per cent of the fraction. 

+ Indicates trace. 
@l - Ind ica t e s  less than 0.1. 

compounds marked A,B and E in Table V suggests 
the presence of short chain, unsaturated, branched 
acids (910 cm 1). Compound B also shows an OH 
group. Dibasic acids tentatively identified by internal 
standards could not be obtained for further chemical 
analysis. C16:o and C,sa acids in these fractions gave 
remarkably broad peaks. This in itself was an indica- 
tion that the compounds were not pure. Appearance 
of palmitoleie acid seems anomalous and no explana- 
tion is available at this time. 

Fractionation into urea adduct forming fatty acids 
and non-adduct .forming material. Fraction C,D, 
E and F were subjected to fraetionation with 
urea. The procedure used was essentially the same as 

described by Bhalerao and Mahon (3) except that 
1-2 g samples were saponified for 2 hr to ensure 
complete saponification. Under the conditions of 
urea fraetionation used, all C16:o (palmitic) acid 
forms an adduet. Eight to 13% of the compound 
reported as C16:o by GLC in fractions C,D,E and F 
did not form an adduet. These compounds have the 
same relative retention time as C16:0 under the condi- 
tions of GLC used in this study. Work on these frac- 
tions is being continued and will be reported later. 

A C K N O W L E D G M E N T  
Interpretat ion of IB, spectroscopic data by J.  C. Bartlet ;  helpfut 

criticism and encouragement from D. G. Chapman, :Head of Food Sec- 
tion, and R. A. Chapman, Asst. Dir.,  Scientific Services, Food and D r n g  
Directorate. 

R E F E R E N C E S  
1. Barrett ,  C. B., M, S. Dallas and F. B. Padley, Chem. Ind.  1050-  

51 (1962).  
2. Bartlet, J. C., and D. M. Smith, Can. J.  Chem. 38, 2057-2065,  

(1960). 
3. Bhalerao, V. R., and J.  t t .  Mahon, J. Assoc. Offie. Agr. Chem. 41, 

745, (1958) .  
4. Coleman, M, i-l., JAOCS 38, 685-688 (1961) .  
5. Crossley, A., T. D. :Heyes, and B. J.  F. I~Iudson, Ibid. 38, 9-14 

(1962) .  
6. Doersehuk, A. P., and B. F. Daubert,  Ibid. 25, 425-433 (1948).  
7. Endres, J. G., V. 1%. Bhalerao and F. A. Kummerow, Ibid. 39, 

158 121 (1962).  
8. Hornstein,  I., J. A. Alford, L. E. Elliott and P. F. Crowe, Anal. 

Chem. 32, 540-542 (1960).  
9. Mattson, F. It., and R. A. Volpenhein, J. Lipid Res. 2, 58-62 

(1961).  
10. MeCrone, W. C., Jr. ,  "Fusion Methods in Chemical Microscopy." 

Interseience Pubt. Inc., New York, 1957, p. 62-63. 
11. Prix~ett, O. S., M. L. Blank and W. O. Lundberg, JAOCS 38, 

312-317 (1961).  
12. Quinlin, P., and It .  d. Weiser  Jr.,  Ibid. 35, 325-327 (1958).  
13. Sahasrabudhe, M. R., and D. G. Chapman, Ibid. 38, 88-92 

(1961).  
14. Sahasrabudhe, M. R., Lab Practice, in press. 
15. Scholfield, C. R., J. Nowakowska and H. J. Dutton, JAOCS 38, 

175--177 (1961).  
16. Stoffel, W., F. Chu and E. JcI, Ahrens, Anal. Chem. 31, 307-  

308 (1959).  
1% VanderW~l, P~. J., JAOCS 40, 242-247 ( I 9 6 3 ) .  

[ R e c e i v e d  J u l y  26, 1 9 6 2 - - A c c e p t e d  N o v e m b e r  27, 1963]  

The Preparation of a Series of Molecularly Homogeneous 
Para-t-Octylphenoxypoly(ethoxy)ethanols 
R. C. MANSFIELD and J. E. LOCKE, Research Laboratories, 
The Rohm and Haas Company, Bristol, Pennsylvania 

Abstract 
Multi-gram quantities of the first ten members 

of a series of para-(1,1,3,3-tetramethylbutyl)- 
phenoxypoly(ethoxy)ethanols (p-t-OPEn) have 
been prepared. Analytical and physical data in- 
dicate that each of these materials is composed of 
greater than 95% of a single molecular species. 

Introduction 

T I-IE BASE-CATALYZED addition of ethylene oxide to 
alkylphenols is the most common method of prepa- 

ration of a group of nonionie surface active mate- 
rials, the alkylphenoxypoly(ethoxy)ethanols. This 
Wpe of reaction leads to products having a Poisson 
distribution (1-5) of molecular species. The popular 
terms " E  number"  or " E n "  refer to the average 
number of ethylene oxide units attached to the alkyl- 
phenol in the product mixture. Thus an oxyethylated 
p-t-octylphenol having an average of five mole of 
ethylene oxide and a Poisson distribution of molecu- 
lar weights can be called p-t-oetylphenol-E5 (p-t- 
OPE~). An interesting subject is the comparison of 
the physical and surface active properties of such ma- 
terials with those of materials having the same E,, but 
consisting of a single molecular species. Such a corn- 

parison has been made possible in these laboratories 
by the synthesis of mnlti-gram quantities of the first 
10 members of a series of essentially molecularly 
homogeneous p-t-OPEn's and has been reported by 
Crook and co-workers (6). The synthesis and purifica- 
tion of these materials represent, respectively, exten- 
sions of the work of Gingras and Bayley (7), who 
have described the synthesis of molecularly homogene- 
ous p-t-0PE7 by the reaction of hexaoxyethylene 
glycol with p-t-oetylphenyl-fl-ehloroethyl ether and 
of Kelly and Greenwald (5), who obtained very small 
quantities of a number of substantially homogeneous 
p-t-OPEn's by tedious chromatographic separation of 
the components of normal p-t-OPE9.7, prepared by the 
addition of ethylene oxide to recrystallized p-t-octyl- 
phenol. 

Experimental 
A. Synthetic 

1. Normal p-t-OPE,,. The following preparation 
of p-t-OPE8.94 is typical. 

A mixture of 50.0 g (0.243 m) of p-t-octyl- 
phenol which had been recrystallized four times 
from heptane (rap 85-86C; congealing pt. 
84.8C) and 0.3 g (0.013 g atom) sodimn metal 
in a tared ethylene oxide reaction flask was 
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flushed with ni trogen and then st irred and 
slowly heated to 80-90C under  a slight positive 
pressure while hydrogen was evolved. When 
the evolution of hydrogen ceased, an ethylene 
oxide addit ion flask containing 100.3 g (2.19 
m + 4  g excess) was attached to the system 
and the temp was raised to 170-180C. The 
ethylene oxide was vaporized into the reaction 
flask at this temperature .  Af te r  the addition 
of ethylene oxide was complete, the system was 
filled with nitrogen, cooled, and weighed. There 
was a weight increase of 95.6 g. The product  
was neutralized with 50% sulfuric acid, di- 
gested with 5% water, s t r ipped for 4 hr  at 
90-100C/10-20 ram, and filtered with Celite 
545. 

Calculations and Analyses: 
Mole OP = 0.243 
Mole E.O. = 2.17 
Mole E.O./mole OP = 8.94 
Cloud Point  = 60.0C ; % Ash -- nil ;  

% H20  = 0.22 ; OH No. -- 95.2 
( theory = 93.6). 

Intermediates (Table I) .  
a. p-t-Octylphenol. Commercial oetylphenol was 

r e e r y s t a l l i z e d  four  times f rom heptane to 
a constant mp (85-86C).  

b. "Polyethylene glycol ~w~wchlorides." A 
st i rred mixture  of 150 g (1.86 m) 2-chloro- 
ethanol and 1.4 ml BFs etherate, in an ethyl- 
ene oxide addition flask, was flushed well 
with ni trogen and then three times with 
ethylene oxide. There was then added 355 g 
ethylene oxide at  3 0 4 0 C  dur ing 2 hr. The 
reaction was s trongly exothermic at the be- 
ginning, becoming less exothermie as the re- 
action progressed. The mixture  was st irred 
an addit ional one-half hr, neutralized with 
30 g 12% aqueous sodium carbonate, s t irred 
another  one-half hr, s t r ipped free of water,  
and filtered through Celite 545. The filtered 
product  was distilled at 0.25 m m  with no 
f raet ionat ing column and the material  dis- 
tilling up to 210C was collected and allowed 
to stir overnight  with 25 ml 20% aqueous 
sodium carbonate solution. This mixture  was 
then t reated with carbon black, str ipped,  
filtered and distilled. 
collected. 

Three fractions were 

Frac-  br, ~  
tion H g  Pr incipal  Component  

1 up to 135/0.6 "tetraethylene glycol 
monochlor ide"  

2 135-165/0.6 "pentaethy]ene glycol 
monochlor ide"  

3 165-200/0.6 "hexaethylene glycol 
monoehlor ide"  

Each of these f ract ions was t reated with 
sodium carbonate and carbon black and re- 
distilled one or more times to give 25-50 g 
portions of single molecular species "po ly -  
ethylene glycol monoehlorides."  Gas chro- 
matographic  analysis of the " t e t r ae thy lene  
glycol monochlor ide"  showed a single peak. 
The "pentaethylene glycol monoehlor ide"  
chromatogram showed a second small peak 
which corresponded to contamination by 
about  1% "hexac thy lene  glycol monochlo- 

r i d e "  and the "hexae thylene  glycol mono- 
chlor ide"  chromatogram showed only a 
single broad peak. 

c. "Polyethylene glycol dichlorides." Bis(2- 
ehloroethyl) ether ( "  Chlorex")  and 1,2-his 
(2-chloroethoxy) ethane were obtained by re- 
peated distillation of commercially available 
m a t e r i a l s .  Bis[2-(2-chloroethoxy)-ethyl] 
ether (8) was redistilled several times. 

d. Hexaoxyethylene glycol. The procedure of 
Fordyee et al. (9) was used to p repare  
hexaoxyethylene glycol f rom diethylene gly- 
col and " C h l o r e x "  which had been first 
purified by several distillations through a 
10-plate Oldershaw column. Constant  boiling 
fract ions were used. The product  was also 
distilled several times through the same 
column. 

e. "p-t-OPE,~ Chlorides." The prepara t ion  of 
molecularly homogeneous "p-t-OPEc chlo- 
r i d e "  is typical  of the procedure used to 
prepare  " p - t - O P E .  chlorides."  

A mixture  of 290 g (2.03 m) of redistilled 
" C h l o r e x , "  98 g (0.475 m) recrystall ized 
p-t-oetylphenol, and 50 g (0.625 m) of 50'% 
aqueous sodium hydroxide solution was re- 
fluxed for 4 hr and allowed to stand over- 
night. There was added 75 ml water  and the 
mixture  was thoroughly stirred. The result- 
ing layers were separated.  The organic layer  
was diluted with toluene and washed with 
water  unti l  the wash water  was no longer 
basic. The organic mater ia l  was distilled to 
give 102 g distillate, bp 130-180C/0.5 ram. 
The distillate was redistilled and a center, 
product  f ract ion of 66 g "p-t-OPEc chlo- 
r ide , "  bp 153C/0.35 mm was obtained. 

3. Molecularly Homogeneous p-t-OPEn (Table I I ) .  
a. n = 1-3. Three-hundred and seventy-eight g 

of a mixture  of p-t-OPE2, p-t-OPE3 and 
p-t-OPE4 prepared  f rom recrystall ized p-t- 
octylphenol and ethylene oxide as described 
above was distilled through a 10-plate Older- 
shaw column at 0.55 mm, using a ~ o  reflux 
ratio. 
Frac t ion  No. br, ~ C Wt,  g 

1 133-144 23 
2 144-161 9 
3 161-170 70 
4 170-192 19 
5 192-200 75 

Residue 180 

Fract ions  1 and 2 were combined and re- 
distilled through the same column at the 
same reflux ratio to give 14 g of single 
species p- t -OPEl,  br  134-135C/0.55 ram. Gas 
chromatographic  analysis indicated a pur i ty  
of 98-99%, the impur i ty  being p-t-octyl- 
phenot. No p-t-OPE2 was observed. 

Fract ion  No. 3 was redistillcd through the 
same column at the same reflux ratio to 
give 42 g of single molecular species p-t- 
OPEe, br 160-161C/0.45 mm. Gas chro- 
matographic  analysis showed only a single 
component. 

Frac t ion  No. 5 was redistilled through the 
same column at the same reflux ratio to give 
38 g of single molecular species p-t-OPEa, 
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T A B L E  I 
I n t e r m e d i a t e s  a 

M a t e r i a l  

p - t - O c t y l p h e n o l  b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
" T e t r a e t h y l e n e  g l y c o l  m o n o c h l o r i d e " .  . . . . . . . . . . .  
" P e n t a e t h y l e n e  g lyco l  r a o n o c h l o r i d e " .  . . . . . . . . . .  
" H e x a e t h y l e u e  g lyco l  m o n o c h l o r i d e " .  . . . . . . . . . . .  
b@ ( 2 - c h l o r o e t h y l )  e t h e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 , 2 - h i s  ( c h l o r o e t h o x y )  e t h a n e  . . . . . . . . . . . . . . . . . . . . . . . . .  ] 
h i s  [ 2- ( 2 - c h l o r o e t h o x y )  e t h y l ]  - e t h e r  . . . . . . . . . . . . .  [ 
H e x a o x y e t h y l e n e  g lyco l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
" p d - O P E ~  c h l o r i d e " .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 
" p d - O P E 2  c h l o r i d e " .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
" p - t - O P E 8  c h l o r i d e " .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
" p d - O P E 4  c h l o r i d e " .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..I 

E m p .  f o r m  

0 ~ 4 H 2 : 0  
CsH~vO,C1 
C~oI-I:~05C1 
C~H2s06C1  
C , H s 0 C I ~  
C6H~O~Cla  
CsHI~O3CI:  
C12H2807 
C~r 
ChsHuoO2CI 
C~oH~a0aC1 

m r ,  o(~ o r  b r ,  
~  Hg 

8 5 - 8 6  c 
1 2 6 - 1 2 7 / 0 . 6 5  
1 5 2 - 1 5 3 / 0 . 5 0  
1 8 0 - 1 8 2 / 0 . 6 5  

7 4 / 1 2  
1 0 9 - 1 1 0 / 9  
1 0 5 - - 1 0 6 / 0 . 2 5  
1 9 1 - - 1 9 4 / 0 . 3 5  
1 2 9 - 1 3 0 / 0 . 6 0  
1 5 3 / 0 . 3 5  
1 8 2 / 0 . 5 0  
2 0 1 / 0 . 2 5  

~ c  
F o u n d  

4 5 . 3 1  
4 6 . 9 0  
4 8 . 3 5  
3 3 . 6 9  
3 8 . 3 1  
4 1 . 5 5  
5 1 . 0 4  
7 2 . 0 0  
6 9 . 0 4  
6 7 . 5 2  
6 6 . 1 4  

% H  

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

8 1 . 4 9  1 0 . 8 2  - -  1 0 . 7 5  
4 5 . 1 8  8 . 2 3  8 . 0 6  
4 6 . 7 8  8 . 2 4  8 . 2 5  
4 7 . 9 1  8 . 5 9  8 . 3 8  
3 3 . 5 9  5 . 5 9  5 . 6 4  
3 8 . 5 2  6 . 3 4  6 . 4 7  
4 1 . 5 7  7 . 0 5  6 . 9 8  
5 1 . 0 5  9 . 1 8  9 . 2 8  
7 1 . 4 8  9 . 2 9  9 . 3 7  
6 9 . 1 0  9 . 2 4  9 , 3 4  
6 7 . 3 0  9 . 2 9  9 . 3 2  
6 5 . 8 9  9 . 1 1  9 . 3 0  

% C1 _ _  _ _ _  H y d r o x y l  No.  

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

- -  2 ~ G - s  2--n~ 9 

1 3 . 7 8  I 1 3 . 8 1  
1 1 . 3 9  1 1 . 7 9  
4 9 . 8 2  4 9 . 5 8  
3 8 . 3 9  3 7 . 9 1  
3 0 . 5 0  3 0 . 6 8  I . . . . . . . . . . . . . . . .  

i?:i'~ I' 394.9 397.4 
1 1 . 3 2  1 1 , 3 3  . . . . . . . . . . . . . . . .  
1 0 . 0 1  9 . 9 3  . . . . . . . . . . . . . . . .  

8 . 9 1  8 . 8 4  . . . . . . . . . . . . . . . .  

a A f t e r  p u r i f i c a t i o n .  
b l ~ e c r y s t a l l i z e d  f o u r  t i m e s  f r o m  h e p t a n e .  
c C o n g e a l i n g  p o i n t  = 8 4 . 8 C .  

br 191-192C/0.45 ram. 
b. n = 4-6. The preparat ion of single molecu- 

lar species p-t-OPE4 is typ ica l  
To a st irred homogeneous mixture of 28.8 

g (0.140 m) of p-t-octylphenol which had 
been reerystallized 4 times from heptane 
(rap 85-86C) and 30.8 g (0.145 m) redistilled 
" te t rae thy lene  glycol monochloride,"  br 
126-127C/0.65 mm was added 12.0 g (0.150 
in) 50% sodium hydroxide solution. The 
mixture exothermed to 55C and was then 
heated at reflux (100 105C) for 4 hr, cooled, 
and diluted with 60 ml water and 200 ml 
toluene. The resulting layers were separated 
and the upper  layer was washed with water 
until  the wash water was neutral.  The 
organic layer  was distilled to give 34 g single 
molecular species p-t-OPE~, br 222-223C/ 
0.55 ram. Gas chromatographic analysis in- 
dicated the product  was free of p-t-octyl- 
phenol and " te t rae thy lene  glycol mono- 
chloride."  

e. n = 7-10. The general procedure of Gingras 
and Bayley (7) was employed for the prepa- 
ration of p-t-OPE7-~o from hexaoxyethylene 
glycol and " p - t - O P E l  chloride,"  "p- t -OPE2 
chlor ide,"  "p- t -OPE3 chlor ide"  and "p- t -  
OPE4 chloride,"  respectively. 

B. Purification of Molecularly Homogeneous p-t- 
O P E , o .  The first five members were distilled as 
described previously, p-t-OPEs was first distilled 
and then purified by chromatography on silieie 
acid and p-t-OPET-lO were purified by chromatog- 
raphy  on silicic acid. The following description of 
the purification of p-t-OPE8 is typical. 

Reagents:  

Silicic A e i d - - M a l l i n c k r o d t ,  " S u i t a b l e  fo r  
Chromatographic Analysis by the Method of 
Ramsey and Pa t te r son ."  Analytical  Rea- 

T A B L E  I I  
P u r i f i e d  p - t - O P E n  ( S i n g l e  M o l e c u l a r  

gent-100 mesh. 
Celite 545~Washed  with chloroform. 
Alumina---Merck Reagent "Su i t ab le  for  Chro- 

matographic Analysis ."  
Chloroform--B.  & A. U.S.P. prepurified over 

alumina. 
Acetone--Baker  Reagent prepurified over 

alumina. 
Methanol Baker Reagent prepurified over 

alumina. 
Benzene--Baker  Reagent prepurified over 

alumina. 
Ottawa Sand- -Washed  with chloroform. 

Procedure: 
A column measuring 38 x 2 in. was packed 
over a 1-in. layer  of Ottawa sand with a 
s lur ry  of 300 g silicic acid and 150 g Celite 
545 in benzene. The column was charged with 
50 g crude homogeneous p-t-OPE8 in an equal 
volume of benzene. When the liquid surface 
had reached the top of the silicic acid, the 
sides of the column were washed down with 
50 ml benzene. This procedure was repeated 
twice and then the column was filled with 
benzene. One-hundred ml fractions were col- 
lected and evaporated unti l  a total of 15.5 g 
water insoluble material had been eluted with 
1.5 1 benzene. The first visible yellow band 
had stalled about 3/4 of the way down the 
column. The column was then charged with 
chloroform and another 2.0 g water insoluble 
material  was eluted with 1.2 1 chloroform. The 
first colored band moved lower and was par- 
t ially eluted with the chloroform. A 50% by 
volume mixture of acetone and chloroform was 
charged to the column and was visibly fol- 
lowed down the column. 0he-hundred ml frac- 
tions of this mixture  were collected and on 
evaporation gave the following weights of 
materials. 

S p e c i e s  ) 

E N o . ( n )  

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

10  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C 

p. f o r u  

H ~ 0 2  
H3o0s  
H a l O 4  
H~sOs 
H~20S 
H~s07  
H~oOs 
H5 ,O9  
HssOlo  
H~201~ 

b r ,  ~  H g  

1 3 4 - 1 3 5 / 0 . 5 5  
1 6 0 - 1 6 1 / 0 . 4 5  
1 9 1 - 1 9 2 / 0 . 4 5  
2 2 2 - 2 2 3 / 0 . 5 5  
2 2 5 - 2 2 7 / 0 . 3 0  
2 5 0 - 2 5 3 / 0 . 3 0  ~ 

O H  No.  

F o u n d  Gale  

2 2 3 . 8  r 2 2 4 . 1  
1 8 7 . 5  c 1 9 0 , 5  
1 6 2 . 3  e 1 6 5 . 7  
1 4 7 . 3  e 1 4 6 . 7  
1 2 9 . 1  c 1 3 1 , 5  

1 1 9 . 2  
1 0 8 . 9  

"~:~, lOO.3 
8 9 . 3  a 9 3 . 2  
8 7 . 5  d 8 6 . 8  

M o l e  w t  a 

F o u n d  C a l c  

2 5 1  2 5 0  
3 0 0  2 9 4  
3 3 9  3 3 9  
3 7 1  3 8 2  
4 1 0  4 2 7  
4 5 4  e 4 7 1  
5 2 6  5 1 5  
5 4 2  5 5 9  
6 0 2  6 0 3  
6 4 3  6 4 7  

25 
l iD 

1 . 5 1 2 4  
1 . 5 0 8 0  
1 , 5 0 3 7  
1 . 5 0 0 2  
1 . 4 9 7 2  
1 , 4 9 4 5  
1 . 4 9 1 9  
1 . 4 9 0 7  
1 . 4 8 9 6  
1 . 4 8 7 8  

%c 
F o u n d  C a l c  

7 6 . 7 2  7 6 . 7 5  
7 3 . 4 1  7 3 . 4 3  
7 0 , 7 5  r 7 0 . 9 7  
6 9 . 2 9  6 9 . 0 8  
6 7 . 5 6  6 7 . 5 7  
6 6 . 4 9  e 6 6 . 3 5  
6 5 , 4 7  6 5 . 3 4  
6 4 . 5 9  6 4 . 4 9  
6 3 . 7 8  6 3 . 7 6  
6 3 . 0 9  6 3 . 1 3  

%o 
F o u n d  

~ - - ; G T - . ~ 8  - -  
1 0 . 2 7  
1 0 . 0 6  

9 . 8 5  
9 . 8 8  
9 . 8 0  e 
9 . 6 4  
9 . 7 9  
9 . 7 5  
9 . 5 7  

C a l c  

1 0 , 4 7  
1 0 . 2 7  
1 0 . 1 2  
1 0 . 0 1  

9 . 9 2  
9 . 8 5  
9 . 7 9  
9 . 7 4  
9 . 7 0  
9 . 6 6  

a D e t e r m i n e d  s p e c t r o s c o p i c a l l y  u s i n g  a B e c k m a n  D K - 2  s p e c t r o p h o t o m e t e r .  W a v e l e n g t h  of  m a x i m u n l  
i n  w a t e r  f o r  E7 lO a n d  1 . 6 6  x 103  in  i s o o c t a n e  f o r  E I - s  ( 5 ) .  

b B e f o r e  c h r o m a t o g r a p h i c  p u r i f i c a t i o n .  
r D e t e r m i n e d  c h e m i c a l l y .  
d D e t e r m i n e d  b y  I R  m e t h o d  of  t I i l t o n  ( 1 0 ) .  
e A f t e r  c h r o m a t o g r a p h i c  p u r i f i c a t i o n ,  

a b s o r b a n c e  ~ 2 7 5 . 5  m/t .  E m a x .  = 1 . 3 3  x 1 0  a 
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I'm. 1. TLC of molecularly homogeneous p t-OPE~_~. 

Cloud Point, 
Fract ion No. Wt, g ~ 

1 5.1 < 0  
2 5.2 21 
3 4.2 34 
4 2.8 38.5 
5 1.6 44 
6 0.7 45 
7 0.5 46 

These fractions were combined and rechro- 
matographed as follows: 

A column measuring 18 x la/s in. was packed 
over glass wool and Ottawa sand with a s lurry 
of 110 g silicic acid in chloroform and then 
charged with the combined fractions described 
previously in the same manner as the original 
column had been charged. Eluted chloroform 
was collected and evaporated to give a total 
of 0.6 g water insoluble material. The column 
was then charged with 5% by volume of 
methanol in chloroform and 50 ml fractions 
were collected and evaporated to give the fol- 
lowing weights of materials. 

Cloud Point, 
Fract ion No. Wt, g ~ C 

1 1.6 0 
2 1.9 0 
3 3.0 27 
4 2.9 
5 2.8 34 
6 2 . 5  .... 

7 1.0 
8 0.8 26 

FIG. 2. TLC of molecularly homogeneous p t-OPE6-1o. 

Fractions 3-7 were combined and reehroma- 
tographed in the same column using 1 0 0 g  
silicic acid for packing and chloroform as the 
solvent. Fif ty-ml portions were collected and 
evaporated and the cloud point of the eluted 
adsorbate measured. A total of 1.3 1 chloro- 
form was used to elute approximately 2.5 g 
material which came off with most of the 
broad visible yellow color band. The cloud 
points of the fractions gradually rose to 40C. 
Ten per cent by volume of methanol in chloro- 
form was then charged to the column and 
9.8 g material was eluted from the colmnn. 
This material had a cloud point of 51.0C. I t  
was dissolved in about 25 ml chloroform and 
allowed to stand over the weekend in contact 
with 1-2 g carbon black. 

A final chromatographic purification was 
carried out by the same procedure on the same 
column using 70 g silicie acid and 800 ml 
chloroform to separate a total forerun of 2.8 
g in 25-50 ml fractions of eluate. The cloud 
point of the eluted adsorbate in these fractions 
rose from 37-51.7C. A 10% by volume mix- 
ture of methanol in chloroform was used to 
elute another 6.3 g of product  having a cloud 
point of 51.7C. The product  was filtered 
through a small sintered glass filter, stripped 
for 8 hr at 90 100C/0.5 mm and then stored 
under nitrogen. 
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FIG. 3. TLC of molecular ly  homogeneous p-t-OPE~ con ta in ing  
5% each of molecu la r ly  homogeneous p-t-OPE:4 and  p-t-OPE6, 
and  of molecular ly  homogeneous Io-t-OPEB con ta in ing  5% of 
molecular ly  homogeneous p-t-OPEg. 

C. Thin Layer Chromatography of Molecularly Homo- 
geneous p-t-OPE/s (Figures 1-3). Thin layer 
plates 300 ~ thick were prepared from a water 
slurry of Camag Silica Gel containing 5% calcium 
sulfate and were activated at 110C for 4 hr before 
use. Molecularly homogeneous p-t-OPEn samples 
of 50 ~g were applied to the plates approximately 
a/. 2 in. fronl one end. In separate experiments sam- 
ples were diluted with 5% of various other molecu- 
larly homogeneous p-t-0PE. and applied to the 
plates in the same manner to determine the limit 
of detection of impurities. Solvent systems used 
were 40% acetone/60% benzene (v/v) for plates 
of p-t-OPEl through p-t-0PE6 and 60% acetone/ 
40% benzene (v/v) for plates of p-t-0PEo through 
p-t-OPElo. The plates were then dried at 60C for 
10 rain, sprayed with a 3% aqueous potassium 
permanganate solution and heated at 60C until 
spots developed. Excess permanganate was re- 
moved by developing the plates with water. 

Discussion 
A. Synthetic. 

1. Normal p-t-OPE~. " E  numbers" of a series of 
p-t-OPE~ (n -- 2-]0) with normal Poisson mo- 
lecular distribution, prepared from recrystal- 
lized p-t-octylphenol by standard oxyethylation 
procedure, were calculated both by weight in- 
increase and from hydroxyl number of the 

8C-- 

7C 

6C 

.E 
n ~ 4C-- 

o 3C-- 

E Number 

FIG. 4. C loud  p o i n t  c o m p a r i s o n  o f  m o ] e e u l a r l y  homogeneous  
a n d  n o r m a l  p t OPET-~o 

A - - M o l e c u l a r l y  homogeneous p-t-OPET-lo. 
[ ~ - - N o r m a l  p-t-OPEn (E  No. ca lc 'd ,  f rom hydroxy l  

number . )  
O--Normal p-t-OPEn (E No. calc'd from wt increase.) 

product. The small differences (Fig. 4 and 
Table III)  reflect the inherent inaccuracies in 
weighings and hydroxyl number determinations 
and the presence of small amounts (<0.1%) 
water introduced to the system with the ethyl- 
ene oxide during the oxycthylation. The notice- 
able effect of the latter is to raise the hydroxyl 
number and consequently lower the apparent 
" E  number" as a result of the formation of 
small quantities of polyethylene glycols. The 
first member of the series, p-t-OPEl, was not 
prepared since it should be nearly identical 
with molecularly homogeneous p-t-0PE1. Miller 
et al. (3) have shown that in base-catalyzed 
oxyethylations of phenol, the phenol is first 
exclusively converted to phenoxyethanol (PE1) 
before any subsequent monomer additions 
("chaining") occur. 

2. Molecularly Homogeneous p-t-OPEl-~o. Three 
synthetic routes were used for the preparation 
of molecularly homogeneous p-t-OPEl-lO. The 
first three members of the series, p-t-OPEl-3 
were obtained simply by redistilIation of frac- 
tions isolated by distillation from normal oxy- 
ethylated p-t-oetylphenol, p-t-OPE4-6 were syn- 
thesized by the condensation of recrystallized 
p-t-octylphenol with the appropriate "poly- 
ethylene glycol monochloride." The latter were 
obtained by the BFa-catalyzed addition of 
ethylene oxide to ethylene chlorohydrin and 
were purified by repeated distillations. Distil- 
lation of the crude products was sufficient 
purification to yield high quality p-t-0PE4 and 
p-t-OPE5, but subsequent purification by chro- 
matography on silicic acid was required for 
p-t-OPE6. The last four members of the series, 
p-t-OPET-lO, were synthesized by the method of 

TABLE III 

Normal p-t-OPEn 

OH No. 

191.5, 190.8 ........................................... 
164.1, 167.1 .......................................... 
145.4, 147.7 ........................................... 
134.3, 133.4 ........................................... 
119.3, 118.3 ........................................... 
109.7, 109.9 ............................................ 

E No. 

by wt increase 

2.00 
2.98 
4.07 
5.01 
6.04 
7.05 

by OH No. 

1.97 
3.00 
4.04 
4.83 
6.04 
6.93 
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1-51501 
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1.5050 

1.5000 

25 __ ' ~  
i3 o 

1.4950 

L4850 l 1 1 [ 1 1 r I [ 'k 
I 2 3 4 5 6 7 8 9 I0 H 

E N u m b e r  

Fro.  5. ~ e f r a c t i v e  index  compar ison o f  mo lecu la r ly  homoge- 
neous a n d  n o r m a l  p-t-OPE~-~o. 

A - - M o l e c u l a r l y  h o m o g e n e o u s  p-t-OPE~_~o. 
O - - N o r m a l  p-t-OPE~_~o ( E  N o .  c a l e ' d  f r o m  w t  i n c r e a s e . )  

Gingras and Bayley (7) from hexaoxyethylene 
glycol and "p- t -OPEl  chloride," "p-t-OPE2 
chloride," "p-t-OPE~ chloride" and p-t-0PE4 
chloride" respectively. The latter were syn- 
thesized by the condensation of recrystallized 
p-t-octylphenol with ethylene dichloride, b/s 
(2-chloroethyl)  ether, 1,2-his ( 2-chloroethoxy) 
ethane, and bis[ 2- ( 2-chloroethoxy) -ethyl] ether 
respectively, p-t-OPET_lO were purified by chro- 
matography on silicie acid. 

B. Chromatographic Purification of Molecularly Ho- 
mogeneous p-t-OPE~_~o. The successful chroma- 
tographic purification of multi-gram quantities of 
p-t-OPEn materials is apparently as much art as 
science. I t  necessitates the use of large columns, 
large quantities of solvent and considerable pa- 
tience. The packing of large columns is somewhat 
more difficult than the packing of smaller columns, 
and channeling much more difficult to avoid. After 
a considerable number of exploratory runs a sys- 
tem was eventually evolved which incorporated 
column overloading and successive rechromatog- 
raphy, but was successful in providing 5-10 g 
samples of the desired single species nonionics from 
50 g initial charges of the crude materials which 
contained approximately 20-30% of the desired 
nonionic. The principal impurities in the erudes 
which had to be separated from the desired prod- 
ucts were unreacted hexaoxyethylene glycol, un- 
reacted " p-t-OPEn chloride" and the correspond- 
ing p-t-OPEn resulting from reaction of the chlo- 
ride with water, and either or both of the glycol-a,o- 
di(octylphenyl) ethers resulting from a Wurtz 
type reaction of 2 mole of the "p-t-OPEn chloride" 
or from the reaction of the "p-t-OPEn chloride" at 
both ends of the hexaoxyethylene glycol. No ef- 
fort was made to establish the identity of the latter 
materials, but chlorine analyses indicated the pres- 
ence of unreaeted "p-t-OPE, chloride." The sepa- 
ration of these materials is somewhat easier than 
would be the separation of individual species from 
a normal ethylene oxide reaction product because 
of greater relative differences in adsorptivity on 

silicic acid. The experimental section describes the 
purification of single molecular species p-t-0PE8 
since it is typical of all three. 

C. Purity of Molecularly Homogeneous p-t-OPE,,. 
Strong evidence for the puri ty of the molecularly 
homogeneous p-t-OPEn's is provided by the agree- 
ment, within the experimental limits of error of 
the various analytical methods, of experimentally 
determined hydroxyl numbers, molecular weights 
and elemental analyses with the theoretical values 
(Table II)  coupled with the narrow br for the 
lower members of the series and the fact that the 
higher member products were taken from constant 
cloud point fractions being eluted from the chro- 
matographic purification columns. Fur ther  quan- 
titative purity data are provided by TLC (Figs. 
1,2,3) which clearly shows that the puri ty of all 
the products exceeds 95%. 

D. Physical Properties of Molecularly Homogeneous 
p-t-OPEn. Figure 4 demonstrates that the cloud 
points of 1% solutions of molecularly homogeneous 
p-t-OPET_lO in water are about 4-12C higher than 
those of normal p-t-OPET-lO. The difference in- 
creases as the " E  number"  decreases, emphasizing 
the greater influence on cloud point of the lower 
members of a mixture of nonionic species. 

Figure 5 is a plot of refractive index vs. E num- 
ber and provides a comparison of single molecular 
species p-t-octylphenol-En with p-t-octylphenol-En 
of normal distribution. The curvature of both lines 
is simply a result of greater differences in refrac- 
tive index between adjacent members of a series at 
lower E numbers than at the higher E numbers. 
This is not unexpected when one considers the rela- 
tive differences in ratio of ethylene oxide (or oxy- 
gen) to octylphenol (or hydrocarbon). 

The refractive index of normal distribution 
polymers, REx (n,REx) is determined by the equa- 
tion nDRE x ~-- NRE 1 nDREI -~- NRE2 nD 2 + NRE3 I1DI~Ea "~ . . . .  

Calculations of mole distribution for p-t-OPEn 
(n = 2-10), based on Flory 's  equations (2) show 
that there are more mole with E<n than with 
E,n, but that the difference decreases with increas- 
ing E number. Such calculations also indicate that 
there are fewer species of E<n than of E>n. The 
increasing divergence of the lines with increasing E 
number in Figure 5 is related to these phenomena. 

The differences of two physical properties, cloud 
point and refractive index, between normal p-t- 
octylphenol-En and single molecular species p-t- 
octylphenol-En suggest the possibility of differences 
in other physical properties, particularly those 
which affect surface active properties of nonionics. 

A C K N O W L E D G M E N T S  

Development of procedure  and  p repa ra t ion  of plates (Figs.  1,2, and  
3) by W a r r e n  Myers;  Elemental  analyses by C. W. Nash and  staff; I R  
hydroxyl  numbers  and  UV mole wt  determinat ions by J .  Cala, Evan  
Crook, and  George Trebbi;  several intermediates by R. Albr ight  and  P.  
MeNulty;  per t inent  discussions with J .  Rainey, N. Leister, and  1 ~. 
McNulty. 

R E F E R E N C E S  
1. Molina, E. C., "Po isson ' s  Exponent ia l  Limit ,"  D. V a n  Nos t rand  

Co., Inc., New York, 1942. 
2. Flory, P.  J., J .  Am. Chem. Soc. 62, 1561 (1940) .  
3. Miller, S. A., B. Bann ,  and  R. D. Thrower,  J .  Chem. Soc. 3623 

(1950) .  
4. Mayhew, R. L., and  R. C. t tya t t ,  JAOCS 29, 357 (1952) .  
5. Kelly, J., and  H.  L. Greenwald,  d. Phys .  Chem. 62, 1096 (1958) .  
6. Crook, E. H.,  D. B. Fordyce,  and  G. F. Trebbi, Abstracts,  37th  

National  Colloid Symposium, Ottawa, 1963;  J .  Phys.  Chem. 67, 1987 
(1963) .  

7. Gingras ,  B. A., and  C. H.  Bayley, Can. J. Chem. 85, 599 (1957) .  
8. Schenck, L. M., and  L. G. Nunn,  Gen. Aniline and  Film Corp., 

U. S. 3,061,552 (1962) .  
9. Fordyce,  R., E. L. Lovell, and  H.  t t ibber t ,  J .  Am. Chem. Soe. 61, 

1905 (1939) .  
10. Hilton,  C. L., Anal.  Chem., 31, 1610 (1959) .  

[ R e c e i v e d  A u g u s t  15,  1 9 6 3 - - A c c e l o t e d  D e c e m b e r  23,  1 9 6 3 ]  


