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Some Synergistic Properties of N-Alkyl-2-pyrrolidones, 
a New Class of Surfactants 1 
Zhen Huo Zhu, David Yang and Milton J. Rosen 
Surfactant Research Institute, Brooklyn College, City University of New York, Brooklyn, NY 11210 

N-Alkylpyrrolidones,  a new class of commercial  surfac- 
tants ,  in teract  synergis t ical ly with anionic surfac tants .  
Mixtures  of the N-2-ethylhexyl-{C2,6P}, N-octyl-(C8P), N- 
decyl-IC10P}, and N-dodecyl-IC12P} pyrrol idones with 
commercial  linear sodium alkylbenzenesulfonate  (LAS) 
were investigated. Measurements of the molecular  in- 
teract ion parameters ,  fl~ and tiM, for mixed monolayer 
formation and mixed micelle formation,  respectively,  in 
these mixtures indicated that the first three compounds 
show synerg ism in surface tension reduction efficiency 
and all four compounds show synergism in surface ten- 
sion reduction effectiveness, when mixed in the proper 
proportions with LAS. This was confirmed experimen- 
tally. The N-alkylpyrrolidone-LAS mixtures  also exhibit 
synerg ism in Ross-Miles foaming and in Draves  {skein) 
wetting. 

Recently, a new type  of surfactant ,  N-alkyl-2-pyrroli- 
dones, has become available commercially (1}. The materi- 
als of this sur fac tan t  are available as essentially single 
components,  in contrast  to mos t  commercial surfactants,  
which are mix tures  of isomers and homologs. Because of 
their  puri ty ,  s t ruc ture /proper ty  relat ionships can be 
clearly seen in these compounds and, as a result, we have 
conducted an extensive invest igat ion of their fundamen- 
tal  propert ies at  various interfaces: aqueous solution/air, 
aqueous solution/liquid hydrocarbon,  and aqueous solu- 
t ion/hydrophobic solid (2,3). 

F rom their chemical structure,  a resonance hybrid  of 
the nonionic and zwitterionic forms, 

[ N -- R ~ / / N  + - R; 

I 
0 O- 

these compounds in aqueous solution should interact with 
anionic sur fac tan ts  in a manner  similar to amine oxides, 
by  accepting a pro ton  to form an anionic-cationic salt. 

N--R + RIso3-+H20 ~- ~ N + - R ' - O 3 S R  1 + OH-. 

/ i 
o OH 

These materials,  therefore, have the potential  to interact  
synergistically with anionic surfactants.  Invest igat ion of 
various mixtures  of these mater ia ls  showed tha t  these 
materials  do, indeed, interact  synergistically with anionic 
sur fac tan t s  at  the var ious interfaces ment ioned previ- 
ously (3). The work described here covers their synergistic 
interaction with a commercial  linear alkylbenzenesulfon- 
ate (LAS). 

1Presented at the 70th annual meeting of the American Oil 
Chemists' Society, Phoenix, Arizona, May 9, 1988. 

MATERIALS AND METHODS 

The N-alkyl-2-pyrrolidones were each of >99% pur i ty  by  
GC, used as received, and had n-dodecyl (C12P), n-decyl 
(C10P), n-octyl (C8P), and 2-ethylhexyl (C2,6P) alkyl 
chains as their hydrophobic groups. The LAS was a com- 
mercial grade (C-550, Vista, used as received). 

Surface tension measurements  were made by  the 
Wilhelmy plate technique with a sandblas ted  p la t inum 
plate of ca. 5-cm perimeter.  I n s t rumen t s  were cal ibrated 
against  quartz-condensed water  (specific conduct ivi ty  
1.1 X 10 -8 mhos cm -1 at 25~ each day tha t  measure- 
ments  were made. Sets of measurements  were taken  at  
15-min intervals  until  no significant change occurred. 

Foaming  was done by  the Ross-Miles technique (4,5) 
a t  25~ Wet t ing  was measured  at  25~ by  the Draves-  
Clarkson method (6). 

Determination of interaction parameters. In  order to 
determine whether  mixtures  of the N-alkylpyrrol idones 
with commercial LAS would show synergism in their sur- 
face properties,  molecular interact ion parameters , /3  o for 
mixed monolayer  format ion at  the aqueous solution/air 
interface and/3 M for mixed micelle format ion in aqueous 
solution, were calculated from the surface tension-concen- 
t ra t ion  curves of the individual sur fac tan ts  and at least  
one mixture  of them (Fig. 1) by  the method tha t  we have 
described in our previous publications on synerg ism 
(7-10). These pa ramete r s  are used to predict  whether  
synerg ism will exist  in a mixture  of two surfactants .  

Synergism in surface tension reduction efficiency is 
present when the mixture of surfactants  can reach a given 
surface tension at  a lower concentrat ion than  the in- 
dividual sur fac tan ts  by  themselves.  The C8P-LAS mix- 
ture, at a mole fraction of N-alkylpyrrolidone in the total  
surfactant  in the aqueous phase (%) = 0.412, in Figure 1 
i l lustrates  this. 

The conditions for synerg ism in surface tension re- 
duction efficiency are (7): (i) /30 mus t  be negat ive  and 
(ii) [p~ C~~176 

The pa ramete r s  for the N-alkylpyrrol idone-LAS mix- 
tures  are listed in Table 1. From the da ta  shown there, 
synerg ism of this type  should exist  in the C2,6P-LAS, 
C8P-LAS, and C10P-LAS systems.  Some exper imental  
da ta  are shown in Table 2. 

TABLE 1 

Molecular Interaction Parameters for N-Alkylpyrrolidone-LAS 
Mixtures at 25~ 

System /30 [ln(Cp0/CL0)] /3 M 

C2,6P-LAS -4.0 1.87 -2.8 
C8,P-LAS - 3.8 0.99 - 2.6 
C10P-LAS -3.8 1.54 --2.3 
C12P-LAS -3.1 4.0 -1.7 

Cp ~ CL~ = molar concs, of N-alkylpyrrolidone and LAS, resp., for 
r = 36 dynes/cm. 
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FIG. 1. Surface tension vs. log molar concentration of the surfactant  in the aqueous  phase. 

TABLE2 

Synerg i sm in y Reduct ion Eff ic iency for N-Alkyipyrrolidone-LAS 
Mixtures (Molar concs,  to yield y -- 36 dyneslcm, 
[Na +] = 0.005 M, 25~ 

Without LAS Conc (M) I LAS:P (w/w) Conc (M) 
I 

C2,6P 6.3 X 10 -3 I 4.4:1 8.3 X 10 -4 
C8P 2.6 X 10 -3 L 2.5:1 6.0 • 10 -4 
C10P 1.91 X 10 -4 [ 1.5:1 1.5 X 10 -4 

LAS 1.15 X 10 -3 

TABLE 3 

Synergism in ), Reduction Effectiveness Parameters  

System 3 ~ - /3 M 2o, cmc CI M LAS/P* {w/w) 

C2,6P-LAS -1.5 0.47 0.10:1 
C8P-LAS -1.6 0.41 0.10:1 
C10P-LAS -1.8 0.75 0.10:1 
C12P-LAS -1.3 0.67 0.35:1 

S y n e r g i s m  in surface  tens ion reduc t ion  effect iveness  
exis ts  when  the  s u r f a c t a n t  mix tu re  a t  i ts cri t ical  micelle 
concen t ra t ion  (cmc) reaches  a lower surface tens ion t h a n  
t h a t  a t t a ined  at  the  cmc  of ei ther  surface-act ive compo- 
nen t  of the  mix tu re  b y  itslef. This is i l lus t ra ted  by  the  
C2 ,6P-LAS and  C 8 P - L A S  mix tu res  at  a_ = 0.947 in 
F igure  1. The  condi t ions  for syne rg i sm of  this  t y p e  to 
exis t  are (11): (i) {3 ~ - / 3  M m u s t  be nega t ive  and (ii) [/~o _ 
3M[>]ln (C1 . . . .  r . C2M)/C2 . . . . . .  C1M where  C1 . . . . .  and C2 . . . . .  
are the  mola r  concen t ra t ions  of su r f ac t an t s  1 and 2, 
respect ively;  t h e y  are required  to  yield a surface tens ion 
value equal  to  t h a t  of any  mix ture  of the  two su r fac tan t s  
at  its cmc; C~ M, C2 M are the critical micelle concent ra t ions  
of  su r f ac t an t s  I and  2, respect ively.  The  pure, individual  

N-a lkylpyr ro l idones  inves t iga ted  here have  l imited solu- 
bility in water  at  25~ and do no t  reach their cmcs. There- 
fore, the  molar  concen t ra t ion  of the N-a lkylpyrro l idone  
at  i ts m a x i m u m  solubil i ty  in wa te r  (shown in Fig. 1) was  
used ins tead  of the  cmc value in condi t ion  2 above. 

The surface tension reduct ion effectiveness pa ramete r s  
are shown in Table  3. All  the  N-a lky lpyr ro l idone-LAS 
sys t ems  are capable of showing synerg i sm in this respect  
at  the  proper  ra t io  of the  two sur fac tan t s .  The  ra t ios  for 
m a x i m u m  syne rg i sm (LAS/P*) in this  respec t  (i.e., mini- 
m u m  surface tension,  ca lcula ted b y  equa t ions  descr ibed 
in a previous publicat ion [11]) are also shown in the table. 

Table  4 shows some exper imenta l  surface tension da t a  
for these  sys tems .  The  N-a lkylpyrol idones  form mixed  
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FIG. 2. Draves skein wetting time vs. percentage of C8P in C8P-LAS mixtures at various 
total surfactant concentrations. 

TABLE 4 

Synergism in y Reduction Effectiveness, 25~ (y, in dyne/cm) 

System ~fmin (no LAS) +LAS/P (w/w) Ymin 

C2,6P 31.8 0.10:1 27.7 
C8P 31.3 0.10:1 26.8 
ClOP 27.2 0.10:1 26.4 
c12P 27.2 0.35:1 26.1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LAS 35.5 

micelles with LAS, which increase their water  solubility 
and permit  them to reduce the surface tension of the solu- 
t ion to lower values. As can be seen f rom these data.  

the addition of 10-35% of LAS to the N-alkylpyrrolidone 
reduces the surface tension of the solution to values lower 
than  tha t  a t ta inable  with the individual sur fac tan ts  by  
themselves.  

Since such fundamental  synergistic interactions should 
also result  in synerg ism in performance properties,  the 
foaming and wet t ing  propert ies  of mixtures  of these 
mater ia ls  with anionic sur fac tan t s  were invest igated.  

Foaming. Synerg ism in foaming was inves t iga ted  by  
the Ross-Miles method.  Synergism in foam effectiveness 
exists  when the initial foam height  of the surfac tant  mix- 
ture  at  a given tota l  concentrat ion in the liquid phase  
exceeds tha t  of the individual sur fac tan ts  at the same 
concentration.  A previous invest igat ion of the relation- 
ship between synerg ism in the fundamenta l  propert ies  
of mixed monolayer  and mixed micelle format ion  and 
synergism in foaming (12) showed tha t  synerg ism in 
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TABLE 5 

Ross-Miles Foam Height: C8P -F LAS 
(0.25% total surf. conc, 25~ Na+: 0.008 N) 

Wt % C8P Initial height (cm) 5 min (cm) 

0 183 180 
9.2 185 182 

19.7 190 187 
36.4 195 190 
57.2 194 187 
76.4 194 187 
91.6 194 192 

100 17 10 

foaming effectiveness has a direct correlation with syner- 
g ism in surface tension reduction effectiveness. Tha t  is, 
when a mixture  of sur fac tan ts  can reach a lower surface 
tension than  either sur fac tan t  of the mixture  by  itself, 
then that  mixture, at a given concentration in the aqueous 
phase, will show a Ross-Miles initial foam height greater  
than  t ha t  a t ta inable  by  either sur fac tan t  by itself, at  the 
same concentration. 

F rom our da ta  on synergism in surface tension reduc- 
t ion effectiveness of the N-alkyl-2-pyrrolidone and their  
mixtures with commercial linear dodecylbenzenesulfonate 
(LAS), the N-octyl der ivat ive shows the grea tes t  degree 
of synerg ism in surface tension reduction effectiveness. 
I t  therefore has the grea tes t  potent ia l i ty  for synerg ism 
in foaming effectiveness. Some foaming da ta  for C8P- 
LAS mixtures  are shown in Table 5. The mixtures,  at 
0.25% total  sur fac tan t  concentrat ion in double-distilled 
water  containing fixed 8 • 10 --3 M total  Na + concentra- 
tion in all cases, show synergism in foaming effectiveness 
at  weight  percentages  of C8P from 9-92% in the pyr- 
rolidone-LAS mixture.  I t  is no tewor thy  tha t  the C8P, 
which has a very  low initial foam height by itself, shows 
a higher foam height than  LAS when only 8.4 percent  of 
LAS is present  in the mixture. Similar data  on N-dodecyl- 
2-pyrrolidone (C12P)-LAS mixtures showed no synergism. 
C12P has very  low solubility in water  at  room tempera-  
ture and, at  the 0.25% concentrat ion used in these foam- 
ing studies, mos t  of the C12P-LAS mixtures  were not 
clear. 

Wet t ing .  Mixtures  of these compounds  with LAS also 
exhibit  synerg ism in wetting.  Synergism in wet t ing  ef- 
fectiveness exists  when the wet t ing  t ime of the surfac- 
t an t  mixture  is shorter  than  tha t  of the individual sur- 
fac tants  by themselves,  at  the same concentration in the 
liquid phase. Wett ing times were measured by  the Draves 
skein technique. Some da ta  for C8P-LAS mixtures  are 
shown in Figure 2. The synerg ism is part icular ly notice- 
able at  0.75 and 0.5 g/1 to ta l  sur fac tan t  concentrat ions.  
C8P-LAS mixtures  show the grea tes t  degree of syner- 
gism, although C2,6P-LAS mixtures also show synergism 
in this respect.  

Draves  skein wet t ing  by these mixtures  appears  to de- 
pend upon the surface tension of the aqueous solution at  
the wet t ing  front. Inves t iga t ions  in our labora tory  in- 
dicate tha t  dynamic  surface tension often parallels equi- 
l ibrium surface tension. Therefore, it is reasonable tha t  
these mixtures,  which show synergism in surface tension 
reduction effectiveness, also show synerg ism in wet t ing  
effectiveness. 
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