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Preparation and Surface Active Properties of Terminal Amide 
Type of Alcohol Ethoxylates 
Araki Masuyama, Akihiro Shindoh, Daisuke Ono ond Mltsuo Okahara* 
Department of Applied Chemistry, Faculty of Engineering, Osaka University, Yamodooka 2-I, Suit~, Osaka 565, Japan 

Three kinds of title amide compounds with different 
terminal structures (N-unsubstituted amide, N,N- 
dimethylamide and acylmorpholine} were prepared from 
alkyl tetra{oxyethylene) monoethers (alkyl: decyl or 
dodecylL The cloud points of the N,N-dimethylamides 
and acylmorpholines were higher than the other corre- 
sponding alcohol ethoxylate derivatives previously de- 
veloped by us, and all these amides inclusive of N- 
unsubstituted amides had sufficient hydrophilicity. Sn~ 
face active properties (CMC, ycMc and foaming proper- 
ties) of these amides in pure water and in hard water 
{1000 ppm of total hardness as CaCO~) were almost the 
same and considered excellent as nonionic surfactants. 
Furthermore, they showed good limesoap dispersing 
ability. 
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F I G .  1. Preparation of amides (II!) from alcohol ethoxylates (I}. 

The investigation of surIactants with a sequestering 
ability for calcium and magnesium ions is still continu- 
ing to develop new types of phosphate-free detergents, 
builders and lime-soap dispersing agents (LSDA} (1- 
3L Amide groups have attracted interest in this field 
because this group is known to have a strong affinity 
for calcium ions (4,5L Linfield et al. have already re- 
ported that oxyethylated fatty amides can be applied 
to LSDA {6) and soil wetting agents {7) with excellent 
ability. They also have clarified that an oxyethylene 
group can make a significant contribution to the lime. 
soap dispersing ability (6). 

We have prepared a series of "functional" surfac- 
tants by a relatively simple modification of the termi- 
nal hydroxyl group of alcohol ethoxylates and have 
studied their extra functions besides their basic sur- 
face active properties {8-11). In this work, we have 
synthesized three kinds of amide compounds {IIIa-f; 
Fig. 1) with different terminal structures from the al- 
kyl tetra(oxyethylene) monoethers (Ia,b; alkyl: decyl 
or dodecyl). There is a patent concerning detergents 
thickened with terminal dialkanol amide type alcohol 
ethoxytates which are the familiar types of III, but 
their properties were not characterized at all (12). Here 
we report the surface active properties of compounds 
(III) both in pure water and in hard water, and their 
lime-soap dispersing ability. We also clarify the effect 
of the terminal amide structure on these properties 
and compare these amides with other alcohol ethoxyl- 
ate derivatives developed by us. The synthetic route 
for tile amides is shown in Figure I. 

EXPERIMENTAL PROCEDURES 

Materials. Methyl alkyl[tetra{oxyethylene}]oxyacetates 
(II) were prepared according to the general 
method (60-80% yield). Three kinds of al- 
kyl[tetra(oxyethylene)]oxyacetamides (lID with differ- 
ent terminal structures were synthesized by the reac- 

*To whom correspondence should be addressed. 

tion of II with ammonia, dimethylamine or morpholine. 
The reaction was carried out in methanol at room tem- 
perature except for IIIc and fill, which were prepared 
at 70~ without any solvent. Pure amides were ob- 
tained by the Kugelrohr distillation or recrystalliza- 
tion from hexane. 

Alkylltetra(oxyethylene}]oxyscetamide (liD: Typi- 
cal procedure. The methyl ester (IIb; 3.0 g, 6.9 retool} 
in methanol {5 rnl) was dropped into 20 ml of aqueous 
ammonia (28% solution) at ca. 20~ After 2 hr of 
stirring at room temperature and subsequent evapora- 
tion of the solvent and excess ammonia, the residue 
was dissolved in 50 ml of water. After extraction of 
this solution with ether {100 ml, three t~mesL crude 
amide (m.p. 37-40 ~ C, 3.0 g} was obtained as a residue 
after evaporation of the solvent. Recrystallization of 
the crude product from hexane gave pure 3,6,9,12,15- 
pentaoxaheptacosanamide IIIlb; m.p. 39.2-39.80C, 2.0 
g, 70% yieldL 

The structure of III was confirmed by gas liquid 
chromatography (GLCL spectral (IR, mass and IH- 
NMR~ and elemental analyses (within +0.4%). It was 
also assessed from the observed sharp break in surface 
tension--concentration curves. Their properties are sum- 
marized in Table I. 

Methods. The cloud point {Top) and other surface 
active properties of aqueous solut1"ons of these amides 
were measured by standard methods (9}. The stability 
of these compounds (III) for calcium and magnesium 
ions was determined in 0.5% solutions by the modified 
Hart method 113). The solutions contained up to 2000 
ppm of total hardness as CaCOv Surface active proper- 
ties were also measured in hard water with 1000 ppm 
of total hardness as CaCO~ which was prepared by the 
use of CaCI2*2H20 and MgCl#6tI~O (a hardness com- 
position of 68% Ca 2+, 32% Mg2+). The lime-soap dis- 
persing requirement {LSDR) was determined in 333 
ppm of hard water by the Borghetty-Bergmann method 
{14). 
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TABLE 1 

Properties of Amides {IIIa-fi e 

Compound Yield b Mp (~ or ~H NMK d (CDCI3} MS [70 eV) Anal. 
(m,R21 1%) Bp (~ c (d-) m/z (tel. intens.) found (calcd) 

IIIa  66 waxy product 0.83{t.3H), 1.2-1,8(m,16H), 39t(M+,Ampe), C, 61.33(61.35) 
(10, H 2} 3.421t,2H), 3,6-3.8(m,16H), 102(100}, H, 16.32(I0.55} 

3.97Is,2H), 89(25), N, 3.45(3.58} 
5.6-6.2(br, 2H) 45(5D} 

IIIb 78 14010.02 0.85(t,3I-I), 1.2-1.8(m,16HI, 419~M+,Amp), C, 62.98(62.97) 
(10,M%) 2.90(s,3H), 2.97{s,3H), 130lift0), H, 19.81(10.81) 

3.42{t,3H), 3.6-3.8(m,16H), 87(34), N, 3.09(3.391 
4.20{s,2H) 45(41) 

IIIc 71 180/0.06 9.88it,3H), 1.2-1,7(m,16H), 461(M +, 18), C, 62.23(62.44) 
3,44(t,2Ht, 3.5-3.8(m,24H}, 172(100), H, 10.38(10.26} 

(10,O} 4.21(s,2H) 128(30), N, 2.98(3.03) 
57128) 

IIId 70 39.2-39.8 0.89(t,3HL 1.2-1.8(m,29H}, 419(M+,AmpL C, 62.78162.97} 
{12, H,2) 3.421t,2Hl, 3.6-3.8(m,16H}, 102(651, H, 10.83H0.81) 

3.97{s,2H), 5.6-6,2(br,2Hi 8917t), N, 3.22(3.391 
45(100) 

I lIe 72 150,,'0.02 0.85(L,3H), 1.2-l.8(m,20fI), 447(M+,Amp}. C. 64.58(64.39) 
{ 12,M%1 2.s 2.98(s,3H), 1301t001. H, i 1.08(11.03) 

3.42It,2Iti, 3.6-3.8(ra.24Ht, 87140). N, 2.89{3.131 
4.20(s,2H) 45t40) 

IIIf  70 160/0.06 0.85(t.3H), 1.2-1.7(m,20H), 489IM ~, 2), C, 63.82(i13.77) 
3.42(L2H), 3.6-3.Shn,24H), t72{]00), H, 10.52(] 0.50) 

{12,0} 4.20(s,2H) 128(40), N, 2.97(2.861 
57[55) 

a i r  spectra: Ilia,d: 3400, 2940, 2850, 1650, 1460, 1350, t290, 1250, i t l0 and 960 cm -q 
1350. 1280, lll(] and 950 cm - l  (neatL 

bBased on methyl ester { t ~). 
CKugelrohr distillation. 
d] 00 MHz; s: slnglet, br: broad, t: ~riplet and m: multiplet. 
eAmp: amplified. 

(neat); l l lb ,  c.e,f: 2920. 2850, 1650, t450. 

RESULTS AND DISCUSSION 

The p repara t ion  of the  amides  was  ve ry  easy,  and Lhey 
were isola ted in good yield. Al l  these  amides  (|I1) were 
read i ly  soluble in water .  I t  was shown b y  the measure-  
men t  us ing  the modif ied  H a r t  m e t h o d  t h a t  compounds  
( I I I )  were s tab le  in ha rd  water  above  2000 p p m  of to ta l  
ha rdness  as  CaCOa. 

The surface tens ion-concent ra t ion  p lo t s  of I I I ,  bo th  
in pure  wate r  and in ha rd  wa te r  m e a s u r e d  b y  the  Wil- 
h e l m y  method,  are shown in F igure  2. The Top, CMC, 
the  lowering ab i l i ty  of surface tet tsion ()'c~.tc} and  the 
adsorp t ion  area/molecule  at  the  surface (A) of I I I  bo th  
in pure  wa te r  and  in ha rd  wa te r  are summar ized  in 
Table  2. 

In  the  case  of amides  wi th  the  same  alkyl  group,  
the  Tq~ va lues  of the  d i m e t h y l a m i d e s  (IIIb,e)  or acyl- 
morphol ines  ( l i l t , f )  were h igher  than  those  of the  cor- 
r e spond ing  N - u n s u b s t i t u t e d  amides  ( I I Ia ,d)  b y  abou t  
t 5 - 2 5  ~ This  means  t h a t  these  N , N - d i s u b s t i t u t e d  am- 
ides  a re  more  h y d r o p h i l l c  t h a n  t h e  N - u n s u b s t l t u t e d  
amides .  I t  m a y  be considered t h a t  the  in t ramolecu la r  
hyd rogen  bond  of a t e rmina l  amide  group  wi th  car- 
bonyt  or e ther  oxygens  con t r ibu t e s  to  the  hydrophob ic  
cha rac t e r  of the  N - u n s u b s t i t u t e d  amides .  The T~, val- 
ues  of all compounds  in hard  wate r  are abou t  f rom 1 -9  
~ lower than  those  in pure  water ,  p robab ly  because  
of the  sa l t ing-out  effect  (15). Because  the  T~y of the  
m o s t  hydrophobic ,  I I t d  wi th  a dodecyl  group,  is  h igher  
than  room tempera tu re ,  all t hese  compounds  seem to 

posses s  suff icient  hydroph i l i c i ty  even in hard  water .  
W e  have  found t h a t  the  Tr of a series of Mcohol 

e t h o x y l a t e  de r iva t ives  changes  cons ide rab ly  wi th  the  
s t r u c t u r e  of the  t e rmina l  g roup  (9,11). The  Tr va lues  
of dodecyl  t e t r a loxye thy lene )oxy  de r iva t ives  with vari-  
ous t e rmina l  g roups  (Z) p rev ious ly  deve loped  by  us are  
i l l u s t r a t ed  in F igure  3. 

'~ "%%. ~ ' ~ .  m--~o 

�9 I , ~ I ~ , ~  L . _  , . 

~ 3  

501 ~ ~ riln ........................ hard water l ~u L ........................ 

40 m:lO 

I i i L , h  , I 

I0- ~ 3 5 10- 4 3 5 ~0~ 3 3 

Cons (mo]'l -~) 

FIG. 2. Surface tension-concentration plots of amides (lID in 
pure water amd in hard water with 1000 ppm of total hardness (as 
CaCO~) at  20~  O,  I I I a , d  (R2 = n._,t; ~,  IIIh,e {P~2 = Me2); D. 
Ille,f [R 2 = --(C~H4OC2H41-]. 

JAOCS, Vet 66, no. 6 (June 1989) 



836 

A. MASUYAMA ET AL. 

TABLE 2 

Surface Active Properties of Amides (Ilia-f) a 

Compound Teoc 1O4CMC YCMC 102A 
(m,R2) Conditionb (o C) (tool* 1-1} (raN-m- 1) (nm 2} 

I l i a  P 45,9 9.1 31,2 54 
(10, H 2) H 45,7 8.D 31,2 50 

IIIb P 66.8 8.5 31.1 54 
(10,Me 2) H 57.0 8.3 31.4 54 

IIIe P 59.5 7,6 30.9 57 
(10,OI H 57.0 8.0 30,7 56 

IIId P 26.0 0.60 30,3 47 
~12, H 2) H 25.8 0.60 30,1 47 

IIIe P 50.5 0.75 31.2 52 
(12,Me 2) H 45.0 0.75 31.8 52 

I]If P 50.8 0.75 32.7 55 
I12,O1 H 49,8 0.60 32,0 52 

aCMC, )'CMC and A: at 20~ 
bp, in pure water; H, in hard water 
CaCOs), 

CAt 1 wt%. 

(total hardness, I000 ppm as 

Acylmorphol ine  and  d imethy lamide  showed the high- 
es t  To0 values  a m o n g  these alcohol e thoxylate  deriva- 
t i v e s . T h e  N - u n s u b s t i t u t e d  amide showed a near ly  simi- 
lar Tep value to t ha t  of the  alcohol e thoxyla te  wi th  one 
more  o x y e t h y l e n e  u n i t  {C~2E5). Therefore,  it  can be 
considered t ha t  the hydrophi l ic i ty  of these amides (III)  
is very  good  for th is  series of alcohol e thoxyla te  de- 
r ivat ives .  

The CMC values  of each compound  in pure water  
and  in hard water  a lmost  the same. In  addition, amides  
wi th  the  same alkyl group showed similar  CMC values 
regardless  of the  s t ruc tu re  of the te rmina l  group. The 
CMC values  of amides  with a dodecyl group were abou t  
one- tenth  smaller  t h a n  those of amides wi th  a decyl 
group. As a resul t ,  it is clear t ha t  the CMC of I I I  also 
depends  on the type  of hydrophobic  groups  ra ther  than  
the  s t ruc tu re  of the hydrophil ic group like other  "func- 
t ional"  alcohol e thoxyla tes  (9,11). The YCMC values  of 
each compound  in bo th  solut ion sys tems  were a lmost  
the  same and  were good for a series of nonionic  surfac- 
rants .  

The adsorpt ion  area/molecule (A) of amides wi th  a 
dodecyl group (IIId-f) was smaller  t han  A of I I l a -c  

/--V--V--x/--X 
C12H250 0 0 0 O--Z 

Z 

50 

40 

3o 

~_ 20 

~0 

0 

. .  -CH2C D 
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~ -  -CH2CNH 2 
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:: -.i "~ 
. " .  -CHRCH2CNH2 

. 

- _CH2CMe 

~ ,  - -CH2COM e 

~ ,  "- -CH2CMe 
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% 

�9 -CH2CH2CN 

FIG. 3. The effect of terminal structures of alcohol ethoxylate 
derivatives on the Top. 

TABLE 3 

Foaming Properties of Amides (IIla-f) a 

Foam Volume (ml) 

Compound 
(m,R z} Condition b O' 0.5' 1' 1.5' 2' 5' (rain) 

I l i a  P 90 20 0 
(10, H 2) H ll0 20 0 

IIlb P 210 140 90 50 20 0 
(10,Me 2} H 160 q0 30 20 0 

IIIc P 180 110 30 20 0 
(10,O) H 175 110 30 20 0 

]]]d P 240 220 200 170 130 0 
(12, H~) H 240 200 140 120 90 0 

IIIe P 240 160 90 50 20 0 
(12,Me 2) H 260 200 I00 50 20 0 

l i l t  P 130 30 0 
(12,O) H 140 40 i0 0 

aAt 20~ l wt% solution. 
bp, in pure water; H, in hard water (total hardness, 1000 ppm as CaCO3). 
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TABLE 4 

Lime-Soap Dispersing Requirement (LSDR} of Amides (Ilia-f) and Reference Com- 
pounds at 20~ 

Am(de (m,R2) LSDR Reference compound LSDR 

I l i a  (10, H 2) 14.0 
I l lb  (t0,Me2t 15.2 
IIIc (10,0) 13.4 
I I Id  (12, H,~I 6.5 
IIIe tl2,Meg) 6.0 
lUf (12,0) 6.0 

Linear alkylbenzene sulfonate a 40 
Sodium dodecw1 sulfate 30,0 
C10H2IO(CH2CH20)~H 26,5 
RC{= O)N [ICH2CH20)TH],fl 2 

aSee (17). 
bSee {2~; R refers to a tallow-derived ethyl group. 
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wi th  a decyl  group.  In  each compound ,  the  A va lue  in 
ha rd  w a t e r  was a lmos t  the  same or a l i t t le  smal le r  
t han  t h a t  in pure  water .  The  A va lues  of the  acylmor-  
phol ines  (IIle,f} were la rger  than  o the r  amides ,  prob-  
ab ly  because  of the  bu lk iness  of t he  hydrophi l i c  term(- 
ned group,  

The foaming  p roper t i e s  de t e rmined  b y  the  semi- 
micro T K  m e t h o d  (16) bo th  in pure  wa te r  and  in ha rd  
wa te r  are  g iven  in Table  3. The foaming  ab i l i ty  and 
foam s t ab i l i t y  of I I I  in bo th  solut ion s y s t e m s  were 
a lmos t  the  same, Unexpec ted ly ,  the  foaming  proper-  
t ies  of acy lmorphol ine  wi th  a dodeeyl  group ( I I I f )  were 
inferior  to  those  of l I I e  wi th  a deeyl  group,  But ,  over- 
all, the  foaming  p roper t i e s  of these  amides  are j u d g e d  
as  medium for a ser ies  of our p repa red  alcohol e thoxyl-  
a te  de r iva t ives  (9,11). 

Final ly ,  r esu l t s  of the  L S D R  of I I I  and some refer- 
ence  c o m p o u n d s  are l i s t ed  in Tab le  4. B e c a u s e  the  
L S D R  of amides  wi th  a decyl  g roup  was abou t  14 and  
t h a t  of amides  wi th  a dodecyt  group was  a b o u t  6, i t  
was  found  t h a t  I I I  h a d  b e t t e r  l ime-soap  d i s p e r s i n g  
ab i l i ty  t h a n  LAS,  S D S  and a no rma l  alcohol e thoxyl -  
ate. B u t  our r e su l t s  were no t  beyond  the L S D R  of an 
oxyethylaVed f a t t y  amide  wi th  a t a l low-der ived  a lkyl  
group.  Linf ie ld  et  el. have r epor t ed  t ha t  t he  L S D R  of 
o x y e t h y l a t e d  f a t t y  amides  dec reased  wi th  an increase  
in the  number  of o x y e t h y l e n e  un i t s  (6). Therefore,  there  
is a poss ib i l i ty  t h a t  our t y p e  of compounds  wi th  longer  
a lkyl  and oxye thy l ene  groups  m a y  show smal le r  L S D R  
values.  

Amide  compounds  {IID in th is  work  showed excel- 
len t  surface  ac t ive  proper t ies ,  no t  only in pu re  wa te r  
b u t  also in ha rd  water ,  and  had  good l ime-soap dispers-  
ing  abil i ty.  T h o u g h  m a n y  o the r  [actors ,  such  as deter-  
gency,  d i spe r s ing  ab i l i ty  and so on, m u s t  be cons ide red  

for p rac t ica l  use,  these  amides  m a y  be app l ied  to  art 
ac t ive  ingred ien t  in phospha te - f ree  de te rgen t s .  
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ERRATA 

In the  ar t ic le  " E v a l u a t i o n  of Turk i sh  Su lphur  Olive 
Oil as an A l t e r n a t i v e  Diesel  Fue l"  by A k s o y  et  al., 
which appeared in the  June  [988 issue o f J A  OCS (gh:ggg- 
938), the  t e rm " 'Fusel  oil'" incorrec t ly  a p p e a r e d  nine 
t imes  as "fuel  oil." " F u s e l  oil'" should have appea red  
in the  s even th  and n in th  l ines of the  abs t r ac t ,  the  13th 
line of the  second p a r a g r a p h  and the 1 2th line of the  
four th  p a r a g r a p h  in the  " M a t e r i a l s  and M e t h o d s "  sec- 
tion; in the  head ings  for Tab les  4 and 5, and  the  s ix th  
line of the  s ix th  pa r a g ra ph ,  the  t, h i rd  line of the  sev- 
enth pa r ag raph ,  and the four th  line of the  final para-  
g raph  of the  " R e s u l t s  and Discuss ions"  section.  
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