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Soil Wetting Agents from Fatty Nonionic Tertiary Amides: "Aromatic 
Adducts without Aminoester" 
T.J. M i c l c h  
U.S. Department of Agriculture, Eastern Research Regional Center, 600 E. Mermaid Lane, Philadelphia, PA 191 t8 

Tert iary  a m i d e s  RCONR'K, w h e r e  K is  a hydroxy  func-  
t ion  and R,R' are a l iphat ic  a n d / o r  aromat i c  groups ,  
w e r e  o x y e t h y l a t e d  to  adduc t s  c o n t a i n i n g  5, 10, 15, and 
20 m o l e s  o f  e t h y l e n e  ox ide .  The  hydroxy  func t ion  K 
w a s  der ived  from -CH2CHR'OH,  -(CH2)yOH, or 
(CH2CH20)zH, w h e r e  R" is  methyl ,  ethyl ,  or  octyl ,  y is  
4 or  6 m e t h y l e n e s ,  and  z is  2 or  3 e t h o x y  groups .  Struc- 
tural  var ia t ions  in R,R' and K p e r m i t t e d  the  oxyethyla-  
t ion  o f  aromat i c  a m i d e s  wi th  m i n i m a l  a m i n o e s t e r  for- 
mat ion .  W h e n  K w a s  d l e t h o x y  and R,R' w e r e  l inear  
a l iphat ic  groups ,  no  a m i n o e s t e r  a c c o m p a n i e d  oxyethy-  
lat ion.  Min imal  a m i n o e s t e r  f o r m e d  w h e n  R,R' w e r e  
m i x e d  a l i p h a t i c / a r o m a t i c  or  w h e n  R w a s  p h e n e t h y l  
and  R' aromat ic .  For  aromat i c  a m i d e s  w h e r e  K w a s  d i -  
or  t r i e thoxy ,  large  a m i n o e s t e r  c o n c e n t r a t i o n s  accom-  
p a n i e d  oxye thy la t ion .  For  aromat i c  a m i d e s  w h e r e  K 
w a s  (CH2)4OH or (CH2)aOH s m a l l e r  a m l n o e s t e r  con- 
c e n t r a t i o n s  w e r e  o b s e r v e d .  For  branched  a lphat ic  
a m i d e s  w h e r e  R" is  methyl ,  ethyl ,  or  octyl ,  a m i n o e s t e r  
c o n c e n t r a t i o n  r e m a i n e d  at the  l eve l  f ound  w h e r e  R" is  
hydrogen .  The  i n c r e a s i n g  s i ze  o f  R" d e c r e a s e d  solubi l -  
i ty and Draves  w e t t i n g  t imes .  The  a d d u c t s  o f  th i s  s tudy  
w e r e  w e t t i n g  a g e n t s  for  Idylwi ld  hydrophob ic  so i l  and  
co t ton  s k e i n s .  The  avai labi l i ty  o f  aromat i c  s u b s t r a t e s  
sh ou ld  p e r m i t  f o r m u l a t i o n  o f  so i l  w e t t i n g  a g e n t s  wi th  
gr ea ter  s tab i l i ty  to  b iodegradat ion  than  wou ld  be 
e x p e c t e d  wi th  a l iphat ic  s u b s t r a t e s .  

Water repellent soils occur  on cultivated lands, forests, 
western chaparrals,  citrus groves, and burned brushland 
(1,2). Organic residues generate the hydrophobic charac- 
ter on the soil surface (3). The proper ty  is associated with 
the plant g rowth-decay  cycle and with bacterial and fun- 
gal growth. Water repellency leads to excessive runoff, 
soil erosion, and diminished crop yields. These effects can 
be controlled by either periodic cultivation or the use of 
soil amendments  (4). 

Nonionic surfactants  were studied because they are 
physically adsorbed by soils, hence they should remain in 
the upper  soil levels (5). They are unaffected by multival- 
ent ions, and because they are surface active they should 
be effective at low concentration. Their rate of biodegra- 
dation when adsorbed on soils is proportional to the 
degree of adsorption (6) which is related to humus con- 
tent. Nonionics promote  water inl'iltration in water repel- 
lent soils but have little effect on hydrophilic soils (7). 

Initial efforts by Weii et al. (8) showed that  homogene- 
ous oxyethylated linear acids and alcohols were wetting 
agents for cotton skeins, peat moss, and a hydrophobic 
soil with adducts  containing ~ 10 carbons and 2-3 ethy- 
lene oxide (E.O.) groups. These adducts  were character-  
izcd by good wetting and low water  solubility. Subsequent 
studies ofoxyethyla ted branched aromatic sulfonamides 
showed that  polydisperse adducts  are at least equally as 
good wetting agents as were homogeneous adducts  (9). 
Aromatic sulfonamides add E.O. readily, giving adducts  
superior to a commercial  soil wetting agent at low con- 

centrations. A search for simpler substrates showed that  
aliphatic secondary amides (10) reacted incompletely 
with E.O. under  low pressure conditions, while aromatic 
secondary amides formed adducts  contaminated with an 
aminoester byproduct  (11,12). The fact that  aliphatic 
secondary amides added E.O. without forming any ami- 
noester led us to examine the oxyethylation of aliphatic 
hydroxyethyl tertiary amides (13) RCONR'CH,~CH2OH. 
When R and R' were linear groups, E.O. addition occurred, 
forming adducts  whose ester /amide carbonyl ratio was 
.25. Branched R groups reduced the aminoester consider- 
ably, giving adducts  with ester /amide a carbonyl ratio of 

.05. Polydisperse adducts  from branched hydroxyethyl 
tertiary amides with short  E.O. chain lengths showed 
instantaneous Draves wetting properties. This series was 
superior to a commercial wetting agent at a 0.025-0.1% 
level. These studies examined proper ty-s t ruc ture  rela- 
tionships resulting from variations in the nature of R 
groups. Work with adducts  of branched aliphatic diam- 
ides RNHCOR'CONHR was conducted to examine the 
effects of manipulating the hydrophilic portion of these 
substrates (14). This effort showed: low pressure oxyeth- 
ylation occurs only with a dihydroxyethyl substrate; 
excellent wetting properties, opt imum surface activity, 
water  solubility, and stability to aminoester formation 
occurred when R' was an ethylene group; all of these 
properties were diminished as the number of methylenes 
increased from 0 to 4. 

These studies also showed that  oxyethylated amides 
exhibited the most desirable spectrum of properties as 
soil wetting agents. However, adducts  for actual use on 
hydrophobic soils should exhibit moderate  stability to 
microbial activity. This can be realized only with a 
branched aromatic  structure.  The present program was 
aimed at developing aromatic systems which will add E.O. 
without aminoester formation and still have wetting 
properties comparable to aliphatic substrates. The 
approach involved altering the K portion of the tertiary 
amide, RCONR~[, to inhibit aminoester formation while 
incorporat ing aromatic s t ructures  in R and R'. K is a 
hydroxy bearing s tructure -CH2CHR'OH, -(CH2)yOH 
or -(CHzCH20)zH for reaction with E.O. R" is hydrogen, 
methyl, ethyl, or octyl while y is 0, 4, or 6 methylenes, and 
z is 2 or 3 e thoxy groups. The hydroxyamines were pre- 
pared as follows: 

RrNH2 + R"CHCH2 ~ R'NHCHzCHOHR" (1) 

R'NH2 + CI(CH2)y OH -- R'NH(CHz)y OH (2) 

R'NH2 + CI(CH2CH~O)z H -- R'NH(CH2CH20)z H (3) 

The reaction of these amino alcohols with an acid chlo- 
ride gave the required tertiary amide (15). The addition of 
low pressure E.O. at 80C/50 psi using~<0.1 moll% solid 
KOH formed adducts with 5-20 moles E.O. per mole 
of amide. 

JAOCS, Vol. 66, no. 8 (August fl989) 



SOIL WETrlNG AGENTS FROM FA2"I'Y NONIONIC TERTIARY AMIDES 

1177 

EXPERIMENTAL 

Materials and Apparatus. E p o x y a l k a n e s ,  c h l o r o  alco-  
hols,  c h l o r o e t h o x y  a lcohols ,  ac id  ch lo r ides ,  a n d  v a r i o u s  
a m i n e s  we re  o b t a i n e d  f rom Ald r i ch  C h e m i c a l  Co., Metu-  
chen,  New J e r s e y  o r  t he  E a s t m a n  K o d a k  Co., Roches t e r ,  
New York. Var ious  so lven t s  a n d  r e a g e n t s  we re  used  as  
rece ived .  All  s y n t h e s i z e d  i n t e r m e d i a t e s  w e r e  pu r i f i ed  by 
e i the r  a s imp le  d i s t i l l a t ion  or  f r a c t i o n a t i o n  t h r o u g h  a 2' 
sp inn ing  b a n d  co lumn  @ ~ 0.2 mm.  O x y e t h y l a t i o n s  were  
p e r f o r m e d  in haf t  l i ter,  r o u n d  b o t t o m e d  p r e s s u r e  f lasks  
e q u i p p e d  w i th  a t h e r m o m e t e r  well a n d  an  a e r o s o l  pres-  
su r e  coup l ing  # 1 1 0 - 5 8 5  from L a b - C r e s t  Scient i f ic  I)ivi- 
sion, F i s c h e r  P o r t e r  Co., W a r m i n i s t e r ,  Pennsy lvan ia .  The  
ae roso l  coup l ing  was  c o n n e c t e d  to a 0 -60  psi p r e s s u r e  
gauge  a n d  a p r e s s u r e  re lease  valve. S imi la r ly  e q u i p p e d  
glass  p r e s s u r e  t ubes  wi th  a c a p a c i t y  of  ~ 90 ml were  used  
in o x y e t h y l a t i o n s  of  smal l  vo lumes  of  r e a c t a n t s .  A tef lon-  
c o a t e d  b a r  m a g n e t  se rved  as  a s t i r re r .  I n f r a r e d  s p e c t r a  
were  o h t a i n e d  wi th  a Perkin  E lmer  1310 m i c r o p r o c e s s o r  
c on t ro l l ed  i n f r a r ed  s p e c t r o p h o t o m e t e r .  N o n a q u e o u s  
p o t e n t i o m e t r i c  t i t r a t i o n s  were  p e r f o r m e d  wi th  a Beck- 
m a n  Z e r o m a t i c  p l l  m e t e r  us ing glass  a n d  ca lome l  elec- 
t r o d e s  in an a l coho l -g lyco l  solvent .  Su r f ace  t en s io n  mea-  
s u r e m e n t s  were  m a d e  with  a duNo/ iy  t e n s i o m e t e r .  

ldy lwi ld  h y d r o p h o b i c  soil was  o b t a i n e d  t h r o u g h  the  
c o u r t e s y  ofJ .  Le tey  a n d  c o - w o r k e r s  f rom t h e  Univers i ty  of  
Ca l i fo rn ia  a t  Riverside;. This  soil ks b u r n e d  ove r  b r u s h l a n d  
s a n d y  h)am f rom the; San J a c i n t o  m o u n t a i n s  n e a r  hlyl-  
wild, Cal i fornia .  The  soil was  s ieved to pa s s  a # 1 0  sc reen ,  
a i r  dr ied ,  a n d  bo t t l ed  to  m a i n t a i n  a c o n s t a n t  m o i s t u r e  
level. 

Substituted Alkylethanolamines. These i n t e r m e d i a t e s  
were  p r e p a r e d  using the  same, gene ra l  p r o c e d u r e  ms 
d e s c r i h e d  for t h e  r e a c t i o n  I)etween 2 - e t h y l h e x y l a m i n e  
a n d  e t h y l e n e  o x i d e  (13). E l e m e n t a l  a n a l y s e s  ag reed  wit h 
t h e o r y  by +_ 0.3%. Neu t r a l  equ iva l en t s  i n d i c a t e d  pu r i t i e s  
of ~ 97%. 

2 ( 2 - N - n - b u t y l p h e n y l a m i n o e t h o x y )  e thano l .  37.5g, 0.3 
mole  2 - ( 2 - c h l o r o e t h o x y ) - e t h a n o l  was  a d d e d  d r o p w i s e  
to  a 0.51R.B. f lask  c o n t a i n i n g  179g, ( 1.2 mo le s )  p - n - b u t y -  
lan i l ine  wi th  v igo rous  s t i r r i n g  a t  120C over  a 2 h o u r  
pe r iod .  The  r e a c t i o n  m i x t u r e  w a s  s t i r r e d  for  an  a d d i -  
t i ona l  4 -6  h o u r s  a t  th i s  t e m p e r a t u r e  a n d  was  t h e n  d i l u t e d  
wi th  175 ml o f  1 , 2 - d i c h l o r o e t h a n e .  The  b l a c k  r e a c t i o n  
m i x t u r e  was  t r e a t e d  wi th  100 ml  d is t i l l ed  w a t e r  c o n t a i n -  
ing 0.35 mo le  s o d i u m  h y d r o x i d e .  Af te r  s e p a r a t i n g  t h e  lay- 
ers,  t he  o rga n i c  l ayer  was  w a s h e d  4x wi th  75 ml  p o r t i o n s  
of  d i s t i l l ed  w a t e r  a n d  f i l t e red  by  gravi ty.  E x c e s s  p - b u t y -  
lan i l ine  was  disti l leei  a t  0.4 mm,  leaving 75 g o f  b l a c k  res-  
idue.  F r a c t i o n a t i o n  o f  the, r e s i due  t h r o u g h  t h e  24" sp in-  
ning b a n d  c o l u m n  gave 56 g of  o f f -wh i t e  d i s t i l l a t e  w h i c h  
d a r k e n e d  u p o n  s t and ing .  The  n e u t r a l  e qu iva l e n t  co r r e s -  
p o n d e d  to a 97% pur i ty .  The a m i n e s  in th is  (:lass g e n e r a l l y  
s h o w e d  pu r i t i e s  b e t t e r  t h a n  95%. 

N-(to-hydroxyalkyl)-p-butylaniline. The; p r o c e d u r e  
j u s t  d e s c r i b e d  for t h e  p r e p a r a t i o n  of  d i -  a n d  t r i e t h o x -  
y a m i n e s  was  used  Io syn thes i ze  t h e s e  i n t e rme( l i a t e s .  4 -  
c h l o r o b u t a n o l  a n d  6 - c h l o r o h e x a n o l  y i e lded  i n t e r m e -  
d i a t e s  w h o s e  n e u t r a l  equ iva l en t s  i n d i c a t e d  a p u r i t y  of  
9O%. 

Monomer Tertiary. Amide. These  s u l ) s t r a t e s  w e r e  pre-  
p a r e d  by a d d i n g  the  r equ i r ed  ac id  c h l o r i d e  to  one  of  t h e  
fol lowing a m i n e  t y p e s  d e s c r i b e d  in t he  p r e c e d i n g  sec-  
t ions:  RNHCII2CIIR'OH , RNII(CH2CH20),  H, o r  RNII(CHz) x 
OH. The pre )cedure  was  previe)usly d e s c r i b e d  (14)  a n d  
was  used  wi th  s o m e  modi f i ca t ion .  The; ac id  chh) r ide  was  
a d d e d  in 30 m i n u t e s  a t  ~ 15-20C. The  s l u r ry  was  s t i r r e d  a t  
room t e m p e r a t u r e  for 2 h o u r s  a n d  filtere(i.  Af t e r  r e m o v a l  
of  so lven t  f rom t h e  washe( l  o rgan ic  phase ,  all c r u d e  p ro  
d u c t s  were  d is t i l led  a t  a reduce( l  pressure;  o f  ~ 0.1 mm. 
E l e m e n t a l  a n a l y s e s  were  wi th in  • 0.3% of  theory .  

N - ( 2 - h y d r o x y a l k y l ) - 2 - E t h y l h e x y l a m i n e  

RNHCH~CHR'OII 

R 

2 - e t h y l h e x y l  
2 - e t h y l h e x y l  
2 - e t h y l h e x y l  

R' 
Reac t ion  P r o d u c t  

Time, Hrs., b.p. C / P r e s s ,  
T e m p  C mm.  

oc ty l  20 150 115-19/0 .1  
e thy l  24 135 7 2 - 5 / 0 . 3  

me thy l  5 70 -120  6 7 - 7 0 / 0 . 3  

Yiehl % 

70 
72 
70 

R 

octy l  
p - b u t y l p h e n y l  
p - b u t y l p h e n y l  

N- l ) i -  a n d  T r i e t h o x y a m i n e s  

RNIt(CH.X3tI20)x II 

x b.p. C Press.,  ram. 

2 97-1 O0 0.1 
2 128-33 O. 1 
3 15;1-56 0.1 

Yield % 

71 
79 
74 
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w-hyd roxyalkylanilines 

RNH(CH~) x OH 

R x b.p. C Press., mm. Yield % 

p-butylphcnyl  4 135-40 0.3 32 
p-butylphenyl  6 150 0.3 65 

Monomer Tertiary Amide 

RCONR~K 

R R' K b.p. C Press, ram. Yield % 

3-heptyl  
3-heptyl  
3-heptyl  
heptyl 
p- t -butylphenyl  
heptyl 
3-heptyl 
p- t -butylphenyl  
2-phenethyl  
p- t -butylphenyl  
p- t -butylphenyl  
p- t -butylphenyl  

2-ethylhexyl -CH2CHOHCsH~7 used as isolated 
2-ethylhexyl -CH2CHOHC2Hs 128-33 0.15 83 
2-ethylhexyl -CH2CHOHCH3 125- 8 0.20 76 
octyl -(CH2CH20),~H 160- 4 0.10 81 
octyl -(CH2CHzO)2H 205-10 0.15 84 
p-butylphenyl  -(CH2CH20)2H 180- 5 0.10 80 
p-butylphenyl  -(CH2CH,~O)2H 173- 8 0.20 75 
p-butylphenyl -(CH2CH20)zH 205-15 0.15 74 
p-butylphenyl -(CH,~CH20)2H 207-13 0.10 75 
p-butylphenyl -(CH2CH20)aH 217-30 0.10 72 
p-butylphenyl -(CH2)6OH 230- 5 0.15 77 
p-butylphenyl -(CH,~)4OH 208-12 0.15 75 

OxyethyIa t ion  o f  t e r t i a ry  amide.  This procedure  was 
used as previously described (13). 

Evaluation. A modified version of the Draves test (16) 
was used to determine the wetting profile of a given series 
of E.O. adducts. The procedure  measures the time in 
seconds for a s tandard  5 g cot ton skein to sink in a 0.1% 
solution of surfactant  at room temperature.  The water  
drop penetration test (17) was developed as a screening 
procedure  to evaluate the behavior of wetting agents on 
hydrophobic soils. A cylindrical polyethylene cup (dia. 1.5 
cm • 1.0 cm) was half filled with Idylwild soil. The sample 
was leveled and given a slight concave surface. Surfactant  
solution (0.05 ml) or distilled water  was applied to the 
surface and the time required for d isappearance of free 
liquid was measured. Wetting agents were evaluated at 
0.1, 0.01, and 0.001% (w/v) solution. Rewet time was 
measured after applying 0.05 ml of distilled water to the 
same soil surface. Two approaches  were used: wetted soil 
samples were dried overnight at room tempera ture  and 
then rewetted, or they were dried for 30 minutes on a 
steam bath, equilibrated for 1 hour  and then rewetted. 
The results were generally comparable. 

Cloud point was determined on 1% aqueous solutions of 
E.O. adduct.  A turbid sample solution was cooled until it 
became clear. The clear sample was warmed to incipient 
turbidity. The solution tempera ture  was recorded as the 
cloud point. The procedure was then repeated to dupli- 
cate the value. Surface tension values were determined 
on 0.1% aqueous solutions and the values were corrected 
to 25C. 

RESULTS AND DISCUSSION 

Synthesis. N- (2- hydroxyalkyl)-  2-ethylhexylamines 
were obtained as colorless oils in ~ 70% yields by reacting 
1,2-epoxyalkanes with 2-ethylhexylamine under low 
pressure conditions ( ( 5 0  psi). In contras t  to the high 
reactivity of ethylene oxide, 1,2-epoxyalkanes with alkyl 
groups larger than methyl required -- 24 hours at 135- 
50C for complete reaction. Di- and triethoxyamines were 
isolated in 70-80% yields by the dropwise addition of the 
required chloroethylene glycol to an aliphatic or aromatic 
amine in a 1:4 molar ratio, respectively. The additions 
were performed neat at 100-120C. An essentially analo- 
gous procedure was used to prepare  w-hydroxyalkylani- 
lines in 30-65% yields. All the amine intermediates were 
purified by distillation through the spinning band col- 
umN. 

Monomer tert iary amides were viscous oils obtained in 
75% yields. Because of their high molecular weight these 

substrates were simply distilled at reduced pressure 
under  a nitrogen atmosphere.  This simple procedure was 
sufficient to remove most, and usually all, of the residual 
aminoester  found in these preparat ions (Table 1). As 
mentioned in earlier studies (13), this purification was 
necessary to remove inhibitors to oxyethylation. Gener- 
ally a purified substrate  always added E.O. more readily 
than the crude product .  Surprisingly, the tertiary amide 
derived from 1,2-epoxydecane could not be distilled 
without forming large amounts  of the ester contaminant.  
In this instance, it appears  that  the threshold of thermal 
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TABLE 1 

Carbonyl  Rat ios  o f  Tert iary  Amide  Adducts  RCONR'(K)(E.O.)~H 

Carbonyl Ratio* at x values 

R R' K Initial x** Initial 10 20 

1) CTllln Cslll7 (E.O.),~ 2 0.0 0.0 0.0 
2) p-t-C4H9r CsHI7 (E.O.)2 2 .06 .05 .04 
3) CTttl. ~ p-n-C4119~b (E.O.)2 2 0.0 .09 .08 
4) p-t-CaH!~b p-n-C4llg~b (E.O.)2 2 .10 .66 2.1 
5) p-t-C4Hgcb p-n-C4Hg~5 (E.O.):~ :3 .01 .58 3.6 
6) aSCHzCII,, p-n--Cdl,,:b (E.O.)2 2 0.0 .03 .04 
7)+ p-t-C.iH~5 I)-n C411~a5 II 0 0.0 1.4 1.4 
8) p-t-C411:d) p- n-C4ll:~q5 (CI12)40 1 0.0 .27 .37 
9) p-t Cfll~b p-n-C411.~b (CH:!)~O 1 0.0 .06 .25 

I0)§ 3-C7tt,r , 2-C2tIr, C~;IIIe CIt2Ctt.,O 1 .02 .05 .04 
1 I) 3-CTIl,r , 2-C~II:,C,~tll.2 CtleCHCII:~O 1 .02 .05 .03 
12) 3-C-,.Hjn 2-CzHr, C~JIIe CIt~CItCzHr, O I .03 .07 .06 
13) lI-C7Illr , 2-C21Ir, C,;l I1 ~ CIIeCHCsltI70 1 0.0 .05 .04 

*~:ster/amide carbonyl ratio me~.sured (~: ~ 1730/1630 (:m 'l 
**Substrate E.O. chain length. 
tSeries 7 and l0 from refcren(:es l0 and 13, respectively. 

s tabi l i ty  for the  amide  configuratioi~ was reached.  
Genera l  inf rared  spec t ra l  a s s i g n m e n t s  

A 
RCONR'CtlzCHCslII7OII ~ R.'NIICH,:CIICslIxTOC()R 

for the  amides  and  addu(: ts  were previously  descr ibed  
(1(),1'3). It was no ted  tha t  as the  degree of oxyet hylat ion 
increased,  the  Oil b a n d  dr i f ted to sho r t e r  wavelengths ,  as 
did the  amide  carbonyl  band ,  bu t  to a much  lesser degree. 

Oa:qethyla~d Amides. Tal)le 1 s u m m a r i z e s  the  es te r /  
amide  carl)onyl ra t ios  for a d d u c t s  where  K is hydrt)gen, 
subs t i t u t ed  ethoxy,  di-  or  t r ic thoxy,  or a hydroxy-a lky l  
group.  Ini t ia l  x c t ) r responds  to the  s u b s t r a t e  E.O. cha in  
length.  Carbonyl  ra t ios  are given for ini t ial  x, when  x 
equals  10 and  20, and  are a relat ive m e a s u r e  of aminoes -  
t e r  con ten t .  When R anti  R' are  l inear  a l iphat ic  g roups  a n d  
K is diethoxy,  E.O. additi()n occu r r ed  wi thou t  fo rming  any  
es ter  carbonyl .  If K had  been e thoxy  (13), a fair a m o u n t  of 
es ter  carbonyl  would  have formed.  In a d d u c t  seric.s 2 a nd  
3 some ester  carl)t)nyl forms when  e i ther  R or R' is an 
a roma t i c  group. When both  g roups  are  a romat ic ,  as in 
series 4 and  5, a progressive increase  in es ter  ca rbony l  
a c c o m p a n i e s  t)xyethylat ion.  Why this  occurs  w h e n  the  
ini t ia l  x is g rea te r  t h a n  one  is no t  known.  The fo rma t ion  of 
progressively larger hemiace t a l  r ing i n t e r m e d i a t e s  (11) 
seems unlikely. However, if K had  been  a s imple  e thoxy  
group,  es ter  ca rbonyl  would have formed even more  read-  
ily. A d d u c t  series 6 shows t h a t  es te r  car l )onyl  c a n  be 
largely inhibi ted  in an a romat i c  s t r u c t u r e  if R is a phene-  
thyl  group. A d d u c t  series 7-9  sht)w the  effect u p o n  car-  
bonyl  rat io w h e n  K is hydrogen,  butyloxy,  or hexyloxy. 
E.O. add i t ion  to a s imple  s e c o n d a r y  a roma t i c  amide  
( a d d u c t  7) resul ts  in i m m e d i a t e  fo rma t ion  of es ter  car- 
bonyl. Inc reas ing  the  me thy lene  cha in  of K to l)utyloxy or 
hexyloxy  does give a progressive decrease  in the  ca rbonyl  
ra t io  du r ing  oxyethyla t ion .  When R and  It' are  b r a n c h e d  8 
ca rbon  a l iphat ic  groups,  as in series 10-13, and  the  
e thoxy  group  of K c o n t a i n s  even larger  alkyl groups,  we 
observe essent ia l ly  no change  in ca rbonyl  ra t io  d u r i n g  

oxyethyla t ion .  For  series 11, plots of su r face  t ens ion  ver- 
sus E.O. cha in  length showed m i n i m a l  surface, t ens ion  
va lues  a t  sho r t  cha in  lengths  para l l e l ing  the. resul t s  prc.- 
viously descr ibed  for series 10. l lowever,  plots for series 
12 a n d  13 over cha in  lengths  5 -20  a n d  10-20, respec- 
tively, showed no change  in su r face  tens ion.  

Figure  I shows Draves wet t ing  profiles for b r a n c h e d  
a l ipha t ic  a d d u c t s  where  R" is hydrogen,  methyl ,  ethyl, or  
octyl. Wet t ing  t ime in seconds  is p lo t ted  against. E.O. cha in  
length  x + 1. Con tac t  angh`- d a t a  were no t  appl icable  here 
because  the  a p p r o a c h  does no t  d i f fe ren t ia te  the  wet t ing  
abil i ty of m e m b e r s  in a given series. I n s t a n t a n e o u s  w e t  
t ing  t imes  are  r e t a ined  for It" be ing  hyd rogen  or methyl ,  
which  ks an overall  i m p r o v e m e n t  for the  series with an 
ethyl g roup  a n d  a comple te  loss of we t t i ng  abil i ty when  R" 
ks octyl. Figure 2 shows we t t i ng  profiles of a roma t i c  
a d d u c t s  der ived from the s e c o n d a r y  amide  where  R ks 
bu ty loxy  or hexyloxy. E.O. add i t i on  to the  s e c o n d a r y  
a mi de  resul t s  in i mme d i a t e  a m i n o e s t e r  f o r ma t ion  and  
very  poor  we t t ing  proper t ies .  When  R is butyloxy,  r educed  
es ter  ca rbony l  is found  a nd  an improved  wet t ing  profile is 
ob ta ined .  With a hexyloxy  g roup  a f u r t h e r  decrease  in 
es ter  ca rbony l  occurs ,  bu t  we t t ing  p rope r t i e s  are  deter io-  
r a t ing  due  to the  longer  me t hy l e ne  chain .  

Figure  3 s u m m a r i e s  s imi lar  we t t ing  profiles for 
a d d u c t s  der ived f rom di-  a nd  t r i e t h o x y  substratc.s.  The 
first  t h ree  profiles show tha t  i n se r t ion  of an a roma t i c  
g roup  does no t  change  the  basic we t t i ng  p a t t e r n  f rom an  
a l iphat ie  series. When  both  R g roups  are a roma t i c  a n d  n 
is 2 or  3, the  effects of high a m i n o e s t e r  c o n t e n t  anti  low 
solubi l i ty  resul ts  in poor  we t t ing  p rope r t i e s  for bo th  
series. In se r t ion  of a phene thy l  g roup  in It yields a profih`- 
with fairly a t t r ac t ive  wet t ing  behav io r  a t  a sho r t  E.O. 
cha in  length  a long with mi n i ma l  es te r  carbonyl .  

The re la t ion  be tween  c loud po in t  a n d  E.O. cha in  length  
for h i n d e r e d  a l iphat ic  a d d u c t s  w he r e  R" is hydrogen,  
methyl ,  ethyl, or  octyl is given in Figure  4. In these  series 
where  E.O. was a d d e d  in 5 mole incremc.nts ,  all a d d u c t s  
with a cha in  length of 5 had  c loud po in t s  below IC. These 
series arc. shown  in o rde r  of dec reas ing  solubil i ty a n d  
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RCONR' CH2 CH R'b ( E.O. ) xH RCON ~(E.Om),(E.O.),H 

R 3 - heptyl R' 2 - ethy lhexyl  

R" H CH 3 C=H s CeH17 

WETTING 

TIME 
( Seconds ) 

60 

40 

I I I 
0 20 O 20 0 20 0 20 

E.O. CHAIN LENGTH x + 1 

FIG. 1. Draves  wet t ing  prof'fles o f  a l iphat ic  tert iary  amide  
adducts .  

I_C4H,r 
\ 

(R)(E.O.)xH 
R 

H (CHz)40 (CHz)sO 

80 

I 

0 

I 00  - 

WETTING TIME 60 1 

(seconds) 40 
20 

0 
0 20 

(x)  
2O 

( ) + 1 )  
0 20 

(x,l) 

E.O. CHAIN LENGTH 
FIG. 2. Draves  wet t ing  prof i l e s  o f  hydroxyalkyl  derived aromatic  
add ucts.  

show normal  solubility which increases with E.O. chain 
length. The greater solubility of the series where R" is 
methyl is probably a reflection of its lower packing density 
relative to the more symmetrical unsubsti tuted series. 
Similar solubility curves are observed in Figure 5 for 
purely aromatic  add ucts where R is either hydrogen or an 
alkyloxy group with 4 or 6 methylenes. The adduct  series 
are listed in order  of decreasing solubility and increasing 
carbonyl ratio at E.O. chain length 20. E.O. addition to the 
substrates where R is hexyloxy or butyloxy exhibit nor- 
mal solubility curves in spite of carbonyl ratios o f - -  0.30. 
Oxyethylation of the free amidc leads to adducts  with 
high carbonyl ratios and correspondingly poor  solubility. 
Figure 6 shows cloud point curves for adducts  from di- 
and tr iethoxy substrates listed in order  of decreasing sol- 
ubility with the corresponding carbonyl ratio for E.O. 

R C},HIs 
R' CmH n, 

)-C4H~m~ C~, s I-'C4H,~ ~CHzCH= 

CsHt7 n-t(Hi~ n-C,H ~ n-C4H,§ 

- - n = 2  . . . .  n :3  

'oo r "I WETTING 60 
TIME 

(seconds) 40 

ZO 

QO 20 0 20 0 20 0 20 0 20 

E.O. CHAIN LENGTH (x+l)  

FIG. 3. Draves  wet t ing  pro f i l e s  o f  d i -  and tr ie thoxy  derived 
adducts .  
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8O 

~; eo 
Io 
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( j i  

20  

/ R' 

RCON~ CH2 CHO 

I~" 
( E.O. ),,H 

R - 3 heptyl 

R'- 2 - ethyfhexyl 

R II 

x CH 3 

�9 H 

o C2H 5 

C8H17 

i I ! 

10 15 20 

E.O. CHAIN LENGTH x § 1 

FIG. 4. A q u e o u s  so lubi l i ty  o f  a l iphat ic  tert iary amide adducts.  

chain length of 20. Normally chain extension leads to 
increasing solubility as reflected by increasing cloud 
points. The results show that  normally expected solubil- 
ity curves are associated with low carbonyl ratios. The 
last two series with high carbonyl ratios reflect the forma- 
tion of hydrophobic adducts  by E.O. addition to the amino 
group. These series should have identical solubility 
curves. However, the differences reflect the complex 
nature of the aminoester contaminants  and the oxyethy- 
lation of these systems. 

Table 2 shows the drop penetrat ion wetting times for 
Idylwild hydrophobic soil by aromatic adducts  where the 
E.O. chain length ranges from 5 to 20. The samples 
derived from diethoxy substrates differ considerably in 
ester carbonyl, Draves wetting, and water solubility. How- 
ever, the differences are not part icularly apparent  from 
these values. The third series, where R is a heptyl group, 
showed the best overall Draves wetting profile and 
appears to confirm good wetting even at the 0.01% level. 
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FIG. 5. Aqueous  solubil i ty  of  amide adducts  from aromatic sub- 
strates.  
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FIG. 6. Aqueous solubil ity of di-  and triethoxy derived amide 
adducts.  

R R' n corbonyl rotio@ 
n* Ili~O 

�9 C,H s C,H,r 2 O0 

V ~CHi, CB;, n-C4Hl~ 2 . 04  

o I-C,H,~ C,H,? 2 04  

4" C,H,s n C,Hs~ 2 OB 

x t- C,Ht~ 2 2 I 

3 36 

T h e  f i r s t  s e r i e s  s h o w s  c o m p a r a b l e  r e su l t s .  R e l a t i v e  to  t h e  
d i s t i l l ed  w a t e r  c o n t r o l s  t h e  r e s u l t s  s u g g e s t  p o s i t i v e  e f f ec t s  
e v e n  a t  0.001%. R e w e t  t i m e s  a r e  g e n e r a l l y  s h o r t e r  t h a n  
w e t  t imes ,  b u t  t h e  s a m e  b e h a v i o r  o c c u r s  w i t h  t h e  c o n -  
t ro ls .  A t  a g iven  c o n c e n t r a t i o n  t h e r e  is no  o b v i o u s  d i f fe r -  
e n c e  b e t w e e n  s e r i e s  o r  a d d u c t s  in a g iven  ser ies .  

S i m i l a r  r e s u l t s  a r e  s h o w n  in Tab le  3 fo r  b r a n c h e d  a l p  
p h a t i c  a d d u c t s  d e r i v e d  f r o m  s u b s t i t u t e d  h y d r o x y e t h y l  
t e r t i a r y  a m i d e s  w h e r e  R" i n c r e a s e s  f r o m  h y d r o g e n  to  an  
oc ty l  g r o u p .  T h e s e  s e r i e s  o f  a d d u c t s  h a v e  v e r y  low c a r -  
b o n y l  r a t ios ,  w i t h  b o t h  w e t t i n g  p r o p e r t i e s  a n d  s o l u b i l i t y  
d e c r e a s i n g  as  t h e  s ize  o f  R" i n c r e a s e s .  T h e  d e t e r i o r a t i o n  o f  
d r o p  p e n e t r a t i o n  w e t t i n g  t i m e  a p l ) e a r s  to  be fo l l owing  t h e  
s a m e  c o u r s e  for  t h e s e  r e s u l t s  a t  t h e  0.1% level. T h e  s a m e  
g e n e r a l  c o m m e n t s  m a d e  for  t h e  r e s u l t s  in Table  2 a p p l y  to  
t h e s e  d a t a .  

In  c o n c u l s i o n ,  o x y e t h y l a t i o n  o f  d i e t h o x y  s u l ) s t r a t e s  
RCONR'(E.O.) . ,H,  w h e r e  R a n d  R' a r e  l i n e a r  a l i p h a t i c  
g r o u p s ,  gives  a d d u c t s  f r e e  o f  a m i n o e s t e r  c o n t a m i n a n t s .  
Th is  is a n e w  a p p r o a c h  to  u n c o n t a m i n a t e d  a l i p h a t i c  
a m i d e  a ( i ( iuc t s  (13) .  O x y e t h y l a t i o n  o f  t h e  s a m e  d i e t h o x y  
s u l ) s t r a t e s  w h e r e  e i t h e r  R o r  R' a r e  a r o m a t i c ,  o r  R is 
p h e n e t h y l  a n d  R' a r o m a t i c ,  give a ( i d u c t s  w i t h  low e s t e r  
c a r b o n y l  rat los a n d  g o o d  to  m o d e r a t e  w e t t i n g  p r o p e r t i e s .  
F o r  d i -  o r  t r i e t h o x y  s u l ) s t r a t e s  w h e r e  R a n d  R' a r e  a ro-  
m a t i c  g r o u p s ,  o x y e t h y l a t i o n  p r o c e e d s  w i t h  i n c r e a s e d  
a m i n o e s t e r  c o n t a m i n a t i o n .  Th i s  is r e f l e c t e d  by p o o r  
w a t e r  solul ) i l i ty  a n d  w e t t i n g  p r o p e r t i e s .  Th is  b e h a v i o r  is 
m i t i ga t e ( i  n o t i c e a b l y  in t h e  o x y e t l t y l a t i o n  o f  a r o m a t i c  
s u b s t r a t e s  RCONR'K w h e r e  K is II, (CI[~)4OH a n d  
(CH~)6()H. A,s t h e  n u m l ) e r  o f  m e t h y l e n e s  increa.ue(l,  a m p  
n o e s t e r  c o n t a m i n a t i o n  a n d  w a t e r  so lub i l i t y  d e c r e a s e d ,  
wh i l e  w e t t i n g  p r o p e r t i e s  i m p r o v e d .  A d d u c t  s e r i e s  d e r i v e d  
f rom subs t i t u t ed  h y d r o x y e t h y l  a m i d e s  RCONIr 
w h e r e  R" w a s  H, CII:~, C211~, o r  CsH]7 , s h o w  no  ( ' h a n g e  in 
e s t e r  c a r b o n y l  but  decre ;~uing w e t t i n g  p r o p e r t i e s  a n d  
w a t e r  so lub i l i t y  as  t h e  s ize o f  R" i n c r e a s e s .  T h e  d r o p  p e n e -  

TABLE 2 

Drop Penetration Wetting of  Idylwild Soil by Aromatic Adducts  

RCONR'(E.O.)~(E.O.)~ H 

R ~CH.e( ',I I., p- t -(~.ll |9~ C;HI:, 
R' p n-C4Hgq5 p n-C.iIl,,~4) p-n-C,tt,~b 

Time Seconds (a.: 0.1",; 
x ~ 2 Wet Rewct Wet Rewet We( Rcwet 

It.,() 
Control 

We( Rewct 

5 8 4 9 75 ,l 1 88O 60 
10 9 1 I () 2 2 :] 880 60 
15 4 1 2;3 8 5 3 88o 60 
20 5 l 22 3 6 2 880 60 

(a)().(} 1% 
5 140 33 135 45 120 29 500 80 

10 1(15 10 120 70 35 15 500 80 
15 160 10 130 15 ,10 22 500 80 
20 195 10 160 28 90 29 500 80 

co o.oo 1% 
5 225 33 190 ;33 205 85 925 60 

10 265 24 250 180 24O 43 .()25 60 
15 240 140 300 45 280 .10 925 60 
20 :305 :38 .180 28 250 48 925 60 
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TABLE 3 

Drop Penetration Wetting of  Idylwild Soil by Branched Adducts 

RCONR'CH2CHR"O(E.O.),H* 

R" H CH:~ C2H5 Csl t, 7 Water 
Control 

Time Seconds @ 0.1% 
x + 1 Wet Rewet Wet Rewet Wet Rewet Wet Rewet Wet Rewet 

5 2 2 l 2 6 2 130 12 970 110 
10 3 1 1 1 3 2 7 10 970 110 
15 2 l 2 1 2 l 31 6 970 110 
20 3 1 3 2 3 1 23 4 970 l l 0  

@0.01% 
5 200 12 40 18 115 30 360 665 1075 190 

10 150 15 65 9 85 40 315 90 1075 190 
15 250 17 70 7 120 45 320 40 1075 190 
20 210 19 110 10 175 25 270 55 1075 190 

@0.001% 
5 270 40 170 34 200 92 480 310 710 190 

10 410 300 180 15 320 55 735 180 710 190 
15 410 180 220 37 310 160 960 85 710 190 
20 190 420 140 57 420 70 360 ~)  710 190 

*R and  R' are 3-heptyi and  2-ethylhexyl, respectively. 

t r a t i o n  w e t t i n g  p r o c e d u r e  is u s e f u l  in  d e t e r m i n i n g  g r o s s  
d i f f e r e n c e s  in a h o m o l o g o u s  s e r i e s  b u t  is o f  l i t t l e  v a l u e  in  
d i s t i n g u i s h i n g  b e t w e e n  s e p a r a t e  a d d u c t  s e r i e s .  H i g h e r  
e s t e r / a m i d e  c a r b o n y l  r a t i o s  a r e  a s s o c i a t e d  w i t h  p o l y d i s -  
p e r s e  a d d u c t s  s h o w i n g  l ow  s o l u b i l i t y  a n d  p o o r  w e t t i n g  
p r o p e r t i e s .  
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