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S 
lU~VA,rm) e thcnoxy la te ( l  long-chain alkylphenols 
ar'e of iner(~asing i/lterest as (hqergents bet'ause 
of high foaming power, extt(,llelli dotergen(,.v, an(t 

low skin-s('nsitization (2, 11). The preparat ive  pro- 
(:edure (2, 14, ]5) involves rea(;lion of a hmg-(,hain 
alkyllihenol with any  (tesived ratio of ethyh, ne oxide 
to form a mixlure (7i' poly(,ther ah,ohols, whi('h is then 
sulfated and Imulraliz('d for use. The raw mater ial  
of major  industrial inh~.l'eSl has t)(,en ,l()l,yllih(,nol (;on- 
(h,l~sed wilh four moles of (,lhyh,ne oxide, l{et.entty 
(h/de(~yllThenol plus six moles of ( ' lhyhme oxide has 
I ) e e l l  e, o l l s i ( I e r e ( [ .  

A variety (71' sulfat ing agents was employed in the 
early work (5, 15) on these nmterials. These inehnted  
sulfuric  act(i, oletm,, and (;hh)rosulfotd( ~, acid, all of 
which were use(l either ah/nc or with solvents, such 
as ethyl ether, liquid sul fur  dioxi(te, or ('hh)rinated 
hydrocarbons.  Sulfami(. a('i(l be(.ame, the preferre(t 
reagent  on a (,,mnnwreial s(~ah; (5). lge(;ently sulfur  
trioxide vapor  has achi(,vc(I (,,(tlnnwr('ia) avccptance, 
folh/wing proniising lests (ill a I)ih)t-lilant scale (1). 
This reagent is c(nmm.rcially availat)le f rom stabilized 
liquid sul fur  trioxide, marketed lll~deI' the t radenlark 
" S u l f a n "  (4). No dala are available on the relative 
sui tabi l i ty of these various reagenls for this lylle of 
Slflfation. The 17UrllOSC (7t' the. I)resent s tudy is lhere- 
fore to eOllq)ar(~ sulfalnie, add  with slllfllr lrioxi(lc 
vatior, especially for lhe slllfation of n(myll)henol-4 
ethylene oxi(le. Such a ('(TmlTarisou is of economic iJt- 
terest  since a nnit  weight (7t! s ldfamic acid costs about 
seven times as mu(:h as the equiwthmt sulfur  trioxi(te 
obtained froln " S u l f a n . "  A similar study, recently 
reported (6) by the present  authors,  compared sul fur  
trioxide vapor  and eMorosulfonie acid for the sulfat ion 
of ethenoxylated long-chain alcohols. 

Raw Materials 
Samples  used in the present  study, an obtained 

f rom four  different commercial  sources, are listed in 
Table [. Samples C-1-0 and C-l-1 represent  separate  
batches of the same mater ial  obtained at different 
times. I t  is noted that  in all cases the molecular 
weights, per  h y d r o : y l  values obtained dur ing the 
present  study, compare well with the theoretical. 

Exper imen ta l  Procedure  
Sulfation. Sul fur  tr ioxide vapor  (6%) ,  diluted 

with d ry  air  (94%) ,  was applied by the method pre- 
viously used by the authors  for sulfa t ing lauryl  alco- 
hol (7) and ethenoxylated long-chain alcohols (6). 
The change (200-250 g.) was preheated  to 60~ be- 
fore sulfat ion and kept  at 70-80~ dur ing  reaction 
by  appl icat ion of external  cooling as needed. Mechaw 
ical agi tat ion at 1,400 r.p.m, was mainta ined dur ing 
the 20-rain. sulfat ion period. Weight  loss was less 
than 1% of the total  weight of both reagents. 

Sul famic  acid was appl ied in 5% molar  excess, 
us ing the s tandard  sulfat ion procedure  (5, 10, 12) 
with a 200-250 g. charge. Addition of the acid took 
45 rain., followed by a 75-rain. digestion period. 
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TABLE 1 
D a t a  on  F, a w  M a t e r i a l s  S t u d i e d  

A l k y l  
S a m p k ,  r o u p  on  

p h e n o l  

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N o n y l  
I~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N o n y l  
( L I  . 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N o n y l  
C .  1 I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N o n y l  
C 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N o n y l  
I ) -  I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Oe~yl 
D-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  O e t y l  
])-;~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Oe~y| 
E- I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D o d e c y l  

M o l e s  . . . . . . . . . . . . . . .  

ethylene T h e o v e t -  I F o u n d  " 
o x i d e  i c a }  

4 3 9 6  3 9 5  
4 ."396 ] 4 0 0  
4 3 9 6  4 0 2  
4 3 9 6  ] 4(}2 
9 6 1 6  6 2 5  
3 : |3~  34S  
5 4 2 6  4 2 4  

i 2  7 3 4  7 3 3  
6 5 2 6  5 | 5 

" P e r  h y d r o x y l  w d u e s  o h t a i n e d  i n  t h i s  s t u d y .  

Both were eondm~ted at 120-30~ ill a nitrogen at- 
mosphere as recommended (10). Weight  loss was nil. 

Neutralization. To avoid gelation, the acid sulfates 
were neutralized in aqueous ethanol. Typically,  225 
g. of acid sulfate p repared  with sul fur  trioxide and 
92 g. of ]0% aqueous anlmonia were added concur- 
rent ly  to 235 g. of 41% ethanol to p l I  9. The resldt- 
ing solution contained about  50% ammonium organic 
sulfate. A sulfamic-based product  (271 g.) was nlixe(I 
with 255 g. of 40% ethanol and adjusted to pl l  !) with 
] 2 g. of 10% aqueous ammonia.  

Product Analysis. Color values were detcrnline(I 
on 20% aqueous solutions in a Klett-Sumlnel'SOn Pho- 
Ioelectrie Colorinleter, Test Tube Model, using No. 42 
fille.l'. The lower the number,  the l ighter  the eohir 
(0 = colorless; 200 = light yellow). Colors were meas- 
ured immediately af ter  p repara t ion  since the saml)h's 
bleach spontaneously on standing" exposed to l ighk 

Active-ingredient  content, used as the basis for yield 
cahmlation of sulfamic-based products,  was obtained 
by qua te rna ry  t i t ra t ion by the method of Epton (3) 
except tha t  a 0.0054 molal solution of l I yamine  1622 ' 
(13) was substi tuted for  eetyl pyr id in ium bromide, 
which is less stable. 

Yield determinat ion for  the sul fur  trioxide-based 
materials  is complicated by  the side reaction of phe- 
nolic r ing  sulfonation, which does not occur with 
sulfamic acid. Some molecules therefore  contain sul- 
fonate as well as sulfate groups, both of which can 
probably  react with the qua te rna ry  reagent.  (Quar ter-  
na ry  t i t ra t ion of disulfonates has not been reported 
in the l i t e ra ture ;  it was found dur ing  the present 
s tudy  that  both sulfonate groups of disulfonated do- 
decyldiphmlyloxide 2 t i t ra te  normally.)  The yields 
reported herein for  sulfur  trioxide-based products  are 
therefore apparen t  figures useful  only for  comparison 
since they were determined by  qua te rna ry  t i t rat ion 
for lack of a more precise procedure.  

Degree of phenolic r ing sulfonation occurring with 
sulfur t r ioxide was determined by the method of 
House and Dar ragh  (9) for analyzing sulfonates and 
sulfates in the presence of each other. This  factor  is 
expressed as mole percentage based on s ta r t ing  or- 
ganic compound. Since this determinat ion is also 
based on quaternary t i t rat ion,  the figures are approxi-  
mate and p r imar i ly  of comparat ive  value. 

1 R o h n l  a n d  t I a a s  C o m p a n y ,  P h i l a d o l p h i a ,  P a .  
~ , o w l a x  2 A I ,  l ) o w  C h e m i c a l  C o m p a n y ,  M i d l a n d ,  M i c h .  
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,Unsulfated (nonionie) mater ia l  was determined by  
passage through a two-component (cation-anion) ex- 
change column (8). Values obtained by  this procedure 
were three to four  times those obtained by  five-fold 
eounte rcur ren t  extract ion with hexane. 

Experimental  Results 

Exper imenta l  data  are given in F igures  1 and 2. 
Conclusions were drawn as follows: 

Color. Both reagents  and all samples of nonyl- 
phenol-4 ethylene oxide gave colors considered ac- 
ceptable for  household use. There was considerable 
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Pu;. ]. Sulfntion of various commercial samples of nonyl- 
phenol-4 ethylene oxide at 75~ with varying ratios of sulfur 
t ,'ioxide vapor. 

O : C - [ - O ;  O ( S )  = p r e p a r e d w i t h s u l f a m i e a e i d  
A - - ~ C - l - 1 ;  A ( S )  =- p r e p a r e d  wi th  su l f amic  m.id 
C ] = A  
X = B  

variat ion among samples f rom different eompanie:; 
and even f rom the same company (C-1-0 and C-1-1). 
These materials  as a class are remarkab ly  color-stable 
to increasing mole ratios of sulfur  trioxide, therein 
differing front the ethenoxylated long-chain alcohols 
(6). Sulfamie acid gave darker  colors than sulfur  
trioxide with all samples studied. A eoncerted effort 
to improve product  color with sulfamic acid, involv- 
ing changes in reaction times and tempera tures  and 
in the grade and degree of subdivision of the reagent  
gave no improvement .  

Degree of Ring Sulfonation. No r ing  sulfonation 
occurred with sulfamic acid, but  it was always no{ed 
with sul fur  trioxide. Increas ing  ring sulfonation re- 
sulted front a) increasing the mole rat io of su l fur  
tr ioxide;  b) decreasing the length of the polyether 
chain; e) decreasing s t i r rer  speed; d) using liquid 
(as opposed to gaseous) su l fur  trioxide (even when 

EFFECT OF STIRRER SPEED (C- ] - I  AT 105 MOLE % SO 5) 

RPM 
~ 2 0  1500 ~ 
,9,5 - -  ,--0- 

o 03 4 5 6 7 

IO00 500 

__ i_ _ 
I 

i S.H. ~RTt4-SS 
9 IO II 12 

MOLES ETHYLENE OXIDE 

EFFECT OF POLYETHER CHAIN LENGTH 
(1400 RPM AT I10 MOLE % SO 3 ) 

Fro. 2. Two factors affecting extent of ring sulfonation. 

employing liquid SO2 solvent) ; and e) increasing the 
percentage of su l fu r  trioxide in the carr ier  gas. Ef-  
for ts  to eliminate r ing sulfonation by var ia t ion in 
reaction conditions were without  success. 

Unsulfated Material Eight  to 10% by  weight of 
sample C-1-0 was recovered as unsulfa ted mater ial  
a f te r  sulfation with 11.0% sul fur  trioxide. Sulfamic 
acid, on the other hand, gave a recovery of 1.7%. 

Sulfation Temperature. Below about  55 ~ s t i r r ing 
becomes difficult, resul t ing in poor and uneven gas 
absorption and leading to a drop in yield and a slight 
increase in color. Above about  85~ color and yield 
again begin to deteriorate.  The t empera tu re  range 70 
to 80~ was therefore chosen as optimum. 

Decrease in Percc~dage of Carrier Gas. An increase 
in the percentage of sulfur  trioxide in the vapor  over' 
the usual 6% would result  in im'reased operat ing 
efficiency. Unsat is fac tory  results were obtained at 
25% since the color was dark, yieht was reduced, and 
r ing sulfonation increased (F igure  1 ). 

Direct Addition of "Hulfan." This wouht constitute 
a prefer red  operat ing procedure since vaporization is 
obviated. With  sample, C-l-l ,  at  75~ using 11)5 mole 
per  cent, the yield was poor (78%) ,  r ing sulfonation 
was high (25%) ,  amt the color was prohibit ively dark  
(2,000). I t  therefore  appears  that  liquid sul fur  tri- 
oxide is too disrupt ive  in its action on these materials,  
as with most other organi(~ compounds (7).  

Liquid Sulfur Diozi,,lc as Solvcm.t. This is an excel- 
lent sulfonation medium for ninny organic compounds. 
Addit ion of 105 mole per cent " S u l f a n "  (dissolved 
in two volumes liquid sulfur  dioxide) to sample C-1-1 
(dissolved in one vohune liquid sul fur  dioxide) at 
reflux ( - 1 0 ~  followed by removal  of su l fur  diox- 
ide in vacuo at a nmximum tempera tn  re of 50~ gave 
a product  of 55 eohu' in 94% yield with 30% r ing 
sulfonation. This yiehl :is normal,  but  the color is 
l ighter  and the per  cent r ing sulfonatiou is much 
higher (cf. Figure  l )  than obtained with sulfur  tri- 
oxide vapor. 

Performance  Tests 
Comparat ive  per formmwe data  are summarized in 

Table I I .  I t  is noted that  with sample C-1-1, a typi-  
cal nonylphenol-4 ethylene oxide, the sulfamie-based 
product  and the three mater ia ls  made f rom 100 to 
110% sulfur  trioxide are similar  respecting wet t ing 
time, foaming power in distilled water, detergency 
in hard  water  at both concentrations, and in distilled 
water  at  0.1%. Detergency at  0.05% in distilled 
water  for  all three sul fur  trioxide-based materials  
is about  half  tha t  of the sample p repared  with sulf- 
amie acid. Hard -wa te r  foaming power appears  some- 
what  higher with sulfur  tr ioxide materials.  Sulfa- 
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T A B L E  I [  

Summ ary  of Per fo rmance  l ) a ta  :~ 

Sample Reagent  

C-l-1 ....................................................... Sulfanfic 
C-1-1 ....................................................... SOn 
0-1-1 ....................................................... SO:~ 
C-1-1 ....................................................... SOn 
C-l-1 ....................................................... SO:~ 
1)-2 ......................................................... Sul famic  
D-2 ......................................................... S()a 
E-I .......................................................... Sulfamie 
E-I .......................................................... S():~ 

Per  cent "vVcttin~ 
reagen t  t ime I) 

D W  c 

~7 155 105 
100 20 160 
1 0 5  1 8  1 6 0  
110 20 160 
195 171 125 
105 26 120 
110 28 185 
110 26 145 
110 32 140 

Voanain. ~ power  

H W  d 

170 
190 
210 
220 
200 
210 
210 
130 
140 

Detergency e 

I ) W  t 

0.05 [ ?:~__ 
2o I 36 
11 / 3 2  
1 0  3 3  
9 I 32 
4 I 8 
2 I 17 
5 [ 17 

32 20 
~8 36 

a All saml)h's showed excellent resis tance to 15 ~ ha rd  water  a t  0.2%. 
b Draves  (Syn th ron  Tape Method) in se<.onds at  25~ 0 . ] %  solution. 
CRoss-Miles in dist i l led water  at  0.()5~)~,. 
d]r in 15 ~ hard watl,r at 0.1~,. 

H W g  

- -  5WoT7oi - 
36 ] 35 
29 I 36 
34 I 36 
33 [ 36 

5 [ 14 
15 I 3 t  
16 [ 27 
34 3~ 
38 40 

"Expressed as percentage of b r igh tness  increase of wool in Laander-  
Ometer. 

f i n  distillc~t wa te r  at  percentages  given.  
g i n  2 0  ~ ha rd  water  a t  percentages  given.  

lion with l!)5[/, sulfur  trioxide strongly impairs all 
I)rOl)er|ies ex('el)l hat( l -water foaming power. Wi |h  
octyll)h(mol-5 elhyh'ne oxide (I)-2) the two rea!zents 
tzivc sulfates of very s in l i la r  l>erforlmulcc excel)t that 
ill(, sulfur  trioxi(le-hased lnaterial has eousi(M'ably 
better (list]lied waler-foaming llOWer. [u general, 1his 
sulfate is a less effccliv(, (letergeul and wetting agent 
thau that  derived from ImIwll)henol-4 ethylene oxide 
regardless of reag(mt use(I. Ill the case of samt>lc E-1 
(dodeey]phenol-6 ettlylelw oxide) the two reagenls 
show similar pel'foruutu(q', wilh I>ossibly slightly bet- 
ter detergency and slightly greater wetting-time for 
sulfur  trioxide. 

Comparison of ill(' I)erforlnalwe (lala obtaiued ill the 
])resent s tudy with that  rellorte(I re<~ently by the pres- 
ent authors  for  the sulfated ethenoxylated ]oug-chaiu 
alcohols (6) shows the alkylpheuol-based products to 
advantage. Two of the alcohol-derived sulfates (P, 
and D) gave near ly  the same foauling-powcr as those 
made from the all~ylpilenol, but  wetting lime and 
detergency were considerably inferior. The third al- 
cohol-based sulfate (E l  showed substantially bett(,r 
detergency than the other two (hut still lower than 
the alkylphenol-derivcd mater ia l ) ;  h<)wevcr it ha<l 
eonlparatively poor foanling-l)ower au(t wetting time. 

Sulfa t ing Agents Compared 
The nmjor eoncJusions from this s tudy may be sum- 

marized as follows. Per  unit  weight (>f sulfur  trioxide 
introduced, sulfur  trioxide costs approximately one- 
seventh as much as sulfanlic acid and involves about 
one-sixth of the reaction time. Sul fur  trioxide gives 
l ighter product  color and allows format]ell  of any 
desired-product salt while su]famic acid gives the 
ammonium salt, which can be converted to other salts 

(e.g., sodinm) only with difficulty. Orl the other hand, 
sulfur  dioxide gives appreciable foaming dur ing sul- 
fat]on while sulfamic acid gives none. Sul fur  trioxide 
must be vaporized while sulfanlie acid is added di- 
rectly. Ring sulfonation with sulfur  trioxide is appre- 
ciable, but  none occurs with sulfamic acid. Product  
perfornmnce with the two reagents allpears compar- 
able however. 
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Pure Oleic Acid from Olive Oil 
L E O N  J. R U B I N  and W I L L O W  PAISLEY, Canada Packers Ltd., Research Laboratories, 
Toronto, Ontario, Canada 

I 
N THE PAST 23 years a number of new techniques 
have been developed for the preparation of o leic 
acid from olive oil. Both  olive oil acids and methyl  

esters have been submitted to purification. The use 
of low-temperature ( - 6 0  ~ C.) solvent crystal l ization 
for this purpose, combined with fract ional  distil lation, 

is described i n "  Biochemical  Preparat ions"  (1) ,  where 
earlier l iterature references are given. 

The discovery of urea inclusion compounds in 1949 
- - a  general review, as applied to fat ty  acids, is given 
by Sehlenk ( 2 ) - - p r o v i d e d  yet  another tool for fat ty  
acid (or ester) fractionation. It was used by Schlenk 


