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Abstract The refractive index and 
excess molar  volume,  of the follow- 
ing short hydroca rbon  chain co- 
surfactants were studied: ethylene 
glycol, ethylene glycol monomethy l  
ether, ethanol, n-, i -propanol,  acrylic 
acid, ethyl monomethy lma lea te  and 
acrylamide. The refractive indexes 
of the aqueous solutions of these 
compounds  vary nonlinearly with 
composition. The  m a x i m u m  variat ion 
of refractive indexes occurs up to 
a cosurfactant /water  mola r  ratio 
equal to �89 The fluorescence probe  
method was successfully used to 
evidence the structure modifications 
of the a lcohol -water  mixtures. The 
intensity ratio of pyrene fluorescence 
vibrational bands  varies nonlinearly 
with the composi t ion of the systems; 
in case of 1-propanol,  the sudden 
decrease of the ratio is similar to that  
of micellar solutions, so that  a critical 
concentrat ion of associat ion can be 
determined at a 0.88 water  mole 
fraction. It  was shown, in good 
agreement with da ta  in literature, that  
the compounds  ment ioned penetrate  

into the cluster structure of water  and  
associate. At concentra t ions  higher 
than critical, restructuring of aqueous  
solutions continues and s tructures  of  
b icont inuous  or w/o type m a y  arise. 
The excess volume of the first six 
c o m p o u n d s  is negative owing to the 
restructuring just  mentioned.  Vinyl 
acetate  may  penetrate  in the struc- 
tures of  binary systems to fo rm h o m o -  
geneous systems. The n u m b e r  of  
homogeneous  systems decreases in 
the sequence: ethanol,  i -propanol ,  
acrylic acid, n-propanol ,  the m o n o -  
methylether of ethyleneglycol, methyl 
monomaleate .  The vinyl acetate over 
cosurfactant molar  ratio of  limiting 
homogeneous  systems varies in inverse 
sequence at the same monomer /wa te r  
ratio. After radical polymer iza t ion  
of VAc in homogeneous  samples  
t ransparen t  systems were ob ta ined  
only when the polymer was solubilized 
in cosurfactant  water mixtures.  

Key words Short  chain cosurfactants  
- refractive index - excess vo lume - 
polymeriza t ion  of vinyl aceta te  

Introduction 

The nanost ructure  of  liquids has been studied in recent 
papers [1, 2]. The possible existence of a hydrophobic  
demixtion was evidenced in the case of organic com- 
pounds whose chains are too short to form micelles. The 

hydrophobic  effect [3] may  also be present in c o m p o u n d s  
with short  hyd roca rbona ted  chains which allows one to 
obtain short  lifetime nanost ructures  that  or iginate  in 
Brownian mot ion  [1]. 

These recent results agree very well with earlier da ta  
published concerning the aqueous  solution of some water-  
soluble c o m p o u n d s  which include short  h y d r o c a r b o n  
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chains in their structure [4-6].  Thus in aqueous n-pro- 
panol  solutions (nPrOH)  globular nanostructures  were 
evidenced which possess a 12.4 A hydrocarbona ted  zone 

o 

and 1.8 A aqueous shell [4]. These structures include 
8 moles of n P r O H  and 40 moles of water (1 mol 
nPrOH/5  mole H20) .  The i-propylic ( iPrOH) and ethylic 
(EtOH) alcohols exhibit the same association tendency 
[4]. 

The study of the dielectric properties of methanol  solu- 
tions (MeOH), of E t O H  and n P r O H  [5, 6] has indicated 
that a sudden change occurs at a critical concentrat ion 
of 1 mol alcohol/5 mol water (the critical fraction of 
water = 0.83). This sudden change could be assigned to 
the substitution of a water molecule in its hexagonal 
clusters by the alcohols in question. At the critical concen- 
trat ion one mole of alcohol replaces a water molecule. 
These modified clusters still retain the structure of water 
and may associate [4, 5]. At a concentrat ion higher than 
critical, the cluster structure of water is destroyed and 
a "chainlike cluster" structure arises as in case of alcohols. 
The new structure forms a network by means of hydrogen 
bonds between chains, the O H  groups and water. In fair 
agreement with Ref. [5] it should be specified that the time 
scale which affords the discussion on the structures ad- 
vanced is the picoseconds [1]. 

The same water destructuring effect is encountered 
in i-propanol (i-PrOH), t-butanol,  ethyleneglycol (EG), 
acetone and dioxane [6]. 

Information regarding the structures that may arise at 
water  concentrat ions lower than critical, could be gained 
from the study of homogeneous  systems that contain 
methyl methacrylate,  acrylic acid (AcrA) and water [7]. 
Homogeneous  systems with o/w, bicontinuous, w/o struc- 
tures can be obtained by adjusting Ac rA/H20  ratio [7]. 
This behavior is similar to that of the systems which can 
micellize [8, 9]. 

The format ion of iP rOH,  hexane, water microemul- 
sions without surfactant is possible because of the 
association of alcohol which thus creates predominant ly  
hydrocarbonate  and aqueous zones [10-14]. 

The water-soluble alcohols ( 1 4  carbon atoms) may act 
as cosurfactants efficient in obtaining microemulsions in 
presence of surfactants [15 18]. Therefore, the compounds  
studied are hereafter referred to as "short  chain cosurfac- 
tants" (SCC). 

The interfacial properties of SCC aqueous solutions 
[19-21]  exhibit a sudden change over the range of water 
critical concentra t ion just because of their nano-  
structuring. 

This contr ibut ion deals with the properties of aqueous 
solutions of some alcohol- type SCCs; measurements of 
refractive index, fluorescence and excess molar  volume 
were carried out. Because the authors  are interested in the 

polymerization of some vinyl monomers  in SCC aqueous 
solutions [22-24], several polymerizable SCCs are also 
studied: acrylic acid, ethyl monomaleate  (MEMEt),  and 
acrylamide (AA). The polymerizat ion of vinyl acetate 
(VAc) in these S C C / H 2 0  systems was also studied. 

Experimental 

Materials 

Ethanol, i-propanol, ethyleneglycol, acrylic acid, vinyl 
acetate commercial products  were purified by rectifying. 
Monomethyl  ethyleneglycol ether (EGMME),  Merck 
product, was utilized without  further purification. Acryl- 
amide was purified by recrystallization. Ethyl monomaleate 
resulted from the reaction of an equimolar mixture of 
maleic anhydride and ethanol dried on molecular seives. 
The reaction was conducted three hours at 60~ The 
conversion determined by t i tration was 98.5%. The struc- 
ture was verified by N MR.  Pyrene (Aldrich Chem. Co.) 
was recrystallized twice from ethanol. The pyrene concen- 
tration in water, alcohol and their mixtures was less than 
10 -6 M. 

Methods 

The refractive index was measured at 25 ~ by means of an 
Abbe refractometer. The molar  volume of mixtures (Vm) 
was calculated by means of the average molecular weight 
over density ratio, at 20 ~ [25, 26]: 

V m = (M1x I + M z x z ) / p  , 

where M1, M2 stand for the molecular weights of single 
components,  p for the density of mixtures and Xl, x2 for 
the molar fractions of components  1 and 2. 

The molar excess volumes (AVE) of mixtures are: 

A V  E = V m - -  V I X  1 - -  V 2 x 2  , 

where V1 and V2 are the molar  volumes of the 
components. 

The ternary diagrams were obtained as in previous 
contributions [24, 27]. 

Five VAc/SCC (o) mixtures were prepared: 9/1; 7/3; 
5/5; 3/7; 1/9 weight. Nine systems of weight ratios 1/9-9/1 
with water (w) were prepared from each mixture. After 
stirring and 24 h equilibration at 20 ~ the 45 systems were 
visually analyzed. The number  of homogeneous samples 
obtained is mentioned in Fig. 6. 

The fluorescence probe method is based on the 
variation of fluorescence probe properties as function of 
the nature of its microenvironment.  Thus, the ratio of the 
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intensities of first and third pyrene vibrat ional  bands in 
the fluorescence spectrum of the m o n o m e r  depends on the 
nature of the solvent; there is an obvious correlation be- 
tween the value of the ratio and the polari ty of the solvent 
[28, 29]. This feature is employed in the case of micellar 
solutions to determine the critical micellar concentration 
(CMC) [30]. At concentrat ions lower than C M C  pyrene 
lies in water  and 11/13 ratio is 1.79 (the value differs 
depending on the characteristics of the equipment  em- 
ployed, the resolution, slit, increment and spectrum 
correction). After micellization pyrene is solubilized in the 
hydrophobic  core of the micelle and the ratio decreases 
markedly,  which indicates the transfer of pyrene from 
a more  polar  to a less polar  environment.  The steady-state 
fluorescence sectra were recorded on a Shimadzu RF-5001 
PC spectrof luorophotometer .  The spectra were corrected 
and the slits nar row (0.1 mm, at emission mono-  
chromator);  2ex = 330mm.  The measurements  were 
carried out at 25 -C. 

Results and discussion 

Short  chain sur fac tant -water  mixtures 

The study of vinyl acetate microemulsions containing 
E tOH,  n P r O H ,  H20 , surfactant has shown that the refrac- 
tive indexes of the homogeneous  mixtures depend non- 
linearly on the ratio of organic to aqueous phases [24, 31]. 
This behavior  was encountered in SCC/H20 mixtures 
rather  than in VAc/SCC ones, which suggested one to 
assign it to water  destructuring [5, 6] followed by nano-  
structuring of SCC/H20 systems [4]. 

The dependence of refractive indexes of SCC/H20 
mixture on the mole fraction of the organic c o m p o u n d  (fx) 
is shown in Fig. 1; note that  all compounds  studied exhibit 
a nonl inear  dependence on the composi t ion  of mixtures. In 
S C C / H 2 0  systems with water  mola r  fraction lower than 
0.83 the hydroca rbon  domains  are present. Owing  to the 
existence of these domains  of higher refractive index, the 
modif icat ions of  the refractive index of the mixture  are not  
significantly affected by dilution with water. At a water  
mola r  fraction higher than 0.83 the hydroca rbon  domains  
are dest royed and the value of the refractive indexes d rop  
to the value of water  index. In the VAc/SCC systems 
a linear modificat ion of the refractive index of f l  occurs 
owing to the absence of the hydrophobic  demixtion.  The 
p ronounced  change at critical mole fraction ( f l  = 0.17) 
was also evidenced by other methods  [4-6] .  The existence 
of this nonl inear  change allows one to conclude that  a 
nanos t ruc tur ing  occurs in all systems studied [1, 2, 4]. 

The nonlinear  variat ion of the 11/I3 rat io of pyrene 
fluorescence with composi t ion  has also suggested the 
nanos t ruc tur ing  of SCC/HzO system. Figure 2 shows the 
fluorescence spectrum of pyrene in 70% H 2 0 - 3 0 %  n- 
p ropano l  solution (molar  fraction of water  0.88); one can 
note five bands of pyrene fluorescence vibrat ional  struc- 
ture. Figure 3 shows the dependence of 11/13 rat io on mole 
fraction of organic compound ,  f1 in case of  wa te r -n -p ro -  
panol,  wa te r -e thano l  and wa te r -me thano l  mixtures. In 
case of wa t e r -n -p ropano t  solutions, the decline of  the rat io 
occurs suddenly, a behavior  which is very similar to that  of 
micellizable surfactants. One can even determine by anal-  
ogy a critical concentra t ion of associat ion of abou t  0.12, 
a value in good agreement  with that  resulted f rom light 
scattering [4]. The shape of the curves is similar to that  

Fig. l Modification of 1.46 
refractive indexes in SCC/H20 
system (fl = mole fraction of 
SCC) at 25 ~ (--l--  AcrA, 1.44 
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Fig. 2 The fluorescence spectrum of pyrene monomer in 30% 1- 
propanol and 70% water 
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Fig. 3 The Ix/13 ratio of the intensities of pyrene fluorescence vibra- 
tional bands versus molar fraction, f1 

The most  impor tan t  m o n o m e r  of this kind is acrylam- 
ide. It  was extensively studied in inverse microemulsions 
[32]. Most  systems that  form inverse microemulsions 
exhibit a A A / H 2 0  ratio higher than the critical concentra- 
tion. It  turns out that the systems in question contain 
destructured water. Destructuring of water  was demon-  
strated by N M R  studies [33]. The progressive association 
of AA molecule as its water  concentrat ion increases [34] 
proves that  it behave similarly with other SCC [-4-6]. An 
additional proof  for the association capacity of AA in 
water  is represented by the nonlinear dependence of refrac- 
tive indexes of its aqueous solutions on mole fraction 
(Fig. 4). Because AA is solid above a certain concentrat ion 
the investigation could not be extended. 

The variat ion of the mola r  excess volume of SCC 
aqueous solutions studied is shown in Fig. 5. 

The AVE values of all water  solutions of the com- 
pounds  studied were negative which suggests that  they 
undergo contract ion on mixing (Fig. 5). The difference 
between A VE values changes after the critical concentra-  
tion ( f l  = 0.17) was reached. The volume contract ion 
continues at concentrat ions higher than critical, allowing 
the SCC molecules to organize in a way other than globu- 
lar (4), like the surfactants [8, 9]. The possible format ion of 
a bicontinuous structure was evidenced in case of  AcrA [7]. 
It is suppor ted  by the existence of a m a x i m u m  of viscosity 
over the concentrat ion range within which a min imum of 
AVE or bicontinuous structures are present [25, 35]. 

In compounds  with C H O H  c o m m o n  group the se- 
quence of excess mola r  volume of various substitutents is 

- H  - H  C H  3 - H  - H  
- C H  3 > - C H 2 O C H 3  > - C H 3  > - C H z C H 3  > - C H / O H  " 

Fig. 4 The variation of refractive index in acrylamide water system 
versus molar fraction, fl 

resulted from light scattering. In methanol  the decrease of 1.,4 
I~/I3 ratio is slower (perhaps the p robe  is too large for 
those small associates); it is linear up to a mola r  fraction of 142 
0.50, then its value remains constant.  In ethylic alcohol the 
behav ior  of pyrene is intermediary; it is also possible to 14 
est imate a critical concentrat ion at abou t  0.40 mol frac- 
tion. Our  results also confirm the conclusions drawn in ~1.38 
Ref. [5], which deals with a s tudy carried out by micro-  
wave dielectric method;  this method  evidenced a structure ~.a6 
change at fw = 0.83, for n-propanol .  

These results are very impor tan t  for scientist involved 1.a4 
in po lymer  science because they proved  that  AcrA or 
M E M E t - t y p e  polar  monomers  m a y  initially generate 

1.32 
nanos t ruc tured  systems. Bicontinuous or w/o [7] struc- 
tures may  appear  at concentrat ions higher than  critical. 

0.1 0,2 0.3 0.4 
fl 
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Fig. 5 The molar excess 
volume versus the molar 
fraction of the organic 
cocnpound, fl, for aqueous 
solutions, at 25 ~ The symbols 
are the same as in Fig. 1 
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It is surprising to note  that the minimum A VE value is 
encountered in the most  hydrophilic and hydrophobic  
substituents. The A V~ value results from the following 
cumulated effects [25]: the breaking up of hydrogen bonds 
in the initial compounds ,  the formation of new hydrogen 
bonds between the molecules of the two compounds  in 
solutions and their interstitial ordering. In case of ethyl- 
eneglycol, the initial intermolecular bonds of the com- 
pound are very strong owing to the OH groups. The 
mixtures with water cannot  ensure an important  strength- 
ening of these bonds and, consequently, results in an 
increased contraction.  In case of nPrOH,  the n-propyl 
group is too long to afford an enhanced interpenetration of 
the two types of molecule and an increase of intermolecular 
hydrogen bonds in aqueous solutions. According to the 
nanostructure model  advanced by Grossman [4], the i- 
propyl group may reach an increased interstitial ordering 
[25]. These results are in good agreement with those 
recently published [36]. 

The two polymerizable SCC, AcrA and MEMEt ,  pos- 
sess very strong intermolecular hydrogen bonds. Like in 
the case of EG, because of these strong hydrogen bonds, 
the density of these low AVE compounds is high. 

Ternary phase diagrams (VAc/SCC/H20) 

In case of polymerizat ion processes it is important  to 
know how the solutions of the compounds studied may 
produce homogeneous  systems in presence of the usual 
monomers.  In this contr ibution vinyl acetate was used as 

monomer.  The number  of homogeneous  samples is pre- 
sented in Fig. 6. Of  the 45 systems studied the largest 
number  of homogeneous  phases was obtained in E t O H  
(18) and the lowest in M E M E t  (13). The homogeneous  
system forming capacity depends on the possibility that 
VAc penetrates into the nanostructured systems of SCC. 
E G  could not  have been studied because it is not  compat-  
ible with VAc in any proport ion.  

The line that  links VAc corner with SCC/HzO = 
1/5 mol/mol critical concentrat ion divides the triangle in 
question into two zones. The zone opposite to the H z O  
corner corresponds to the composi t ion of lower than criti- 
cal SCC concentration.  The higher zone, next to towards 
SCC corner corresponds to some concentrat ions higher 
than critical�9 In this zone bicontinuous and w/o structure 
show up. Barden et al. [14] referred to these system as 
"detergentless water/oil  microemulsions". These micro- 
emulsions originate in the cosurfactant association rather  
than surfactant association. Examinat ion of VAc/SCC/  
H z O  molar  ratios in the composit ions of homogeneous  
samples presented in Fig. 6 shows that, at the same 
VAc/H20  ratio, the efficiency is inversely propor t iona l  to 
the number  of homogeneous  phases. 

For  o/w = 5/5 the homogeneous  samples cor respond 
to a VAc/SCC/HzO molar  ratio equal to 1/4.35/15.9 
(EtOH); 1/3.32/15,9(i-PrOH). In case of E t O H  a VAc/SCC 
molar  ratio higher than i P r O H  is required. These results 
are in good agreement with those shown in Fig. 3. In order  
to include hydrophobic  molecules in the S C C / H 2 0  system 
a hydrophobic  microenvironment  has to be ensured. 
Cosurfactants with shorter hydrocarbon chain require a 
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Fig. 6 Ternary phase diagrams VAc/SCC/H20 (o-homogeneous samples; x-separate phases) 

Table 1 Influence of the initial composition and of SCC on the final solid contents (%) and on the number of final homogeneous samples ( ); 
24 h, 65 ~ 

Oo O o / W o  VAc/SCC/H20 
VAc/SCC (% w) 

% Solid content of final homogeneous samples 

EtOH (15) *) i-PrOH (15) n-PrOH (12) EGMME (4) MEMEt (10) 

30/70 90/10 27/63/10 21.4 17.15 22.7 25 65.7 
80/20 24/56/20 21.0 15.15 18.9 34.0 
70/30 21/49/30 18.4 14.40 14.8 25.0 
60/40 18/42/40 16.0 13.00 14.4 

50/50 90/10 45/45/10 41.4 37.00 43.4 45 82.0 
80/20 40/40/20 38.0 35.00 
70/30 35/35/30 33.4 

*) Number of final homogeneous samples. 

larger number  of shorter  methanol  (Fig. 3) or ethanol  
(Fig. 6) molecules than in the case of propanol .  

Polymeriza t ion  of vinyl acetate in homogeneous  samples 

After polymerizat ion not all initially homogeneous  sys- 
tems retain this feature. The number  of homogeneous  
samples  after polymerizat ion is ment ioned for each SCC ( ) 
in Table  1. The initial composi t ions  which ensured the 
homogenei ty  and the final polymer  content  are also men-  
t ioned in the Table 1. 

Analysis of the po lymer  content  in the systems 
mentioned reveals that  the i - P r O H  yields the minimal 
conversion of VAc. This p h e n o m e n o n  can be accounted 
for by the degradative chain transfer undergone by the 
growing macroradical  or the radical resulted from the 
initiator decomposit ion.  In the case of i -P rOH this transfer 
[23] results in a less active ter t iary radical which fact is 
also demonstra ted by the molecular  weights of the poly- 
mer  obtained. For  a system with VAc/SCC = 30/70 and 
Oo/Wo = 60/40 the molecular  weights decrease as such 

i -P rOH (4000) < E t O H  (11 100) < n - P r O H  (15 700). 
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The  p o l y m e r - c o s u r f a c t a n t  c o m p a t i b i l i t y  [37]  p lays  an  
i m p o r t a n t  pa r t  in the  s t ab i l i ty  of  the  sys tem o b t a i n e d  after 
p o l y m e r i z a t i o n  in m i c r o e m u l s i o n .  Po ly (v iny l  acetate)  is 
so lub le  in a l c o h o l - w a t e r  m i x t u r e s  [38];  this  is the case o f  
E t O H ,  P r O H .  In  case of E G M M E ,  the compa t ib i l i t y  is 
p r o b a b l y  m u c h  lower  a n d  the re fo re  the  n u m b e r  of h o m o -  
geneous  f inal  s amples  is lowest ,  a l t h o u g h  the m o n o m e r  
conve r s ion  is m a x i m u m .  

The  reac t iv i ty  of  M E M E t  b r ings  a b o u t  the increase of  
p o l y m e r  c o n t e n t  c o m p a r e d  to  the  o the r  cosurfac tants .  As 
a resul t  of the  low reac t iv i ty  of  male ic  g r o u p  its conve r s ion  
is no t  comple te .  

The  sys tems  which  are  in i t ia l ly  h o m o g e n e o u s  at  any  
wa te r  con ten t  and  those  w h o s e  V A c / S C C  = 10/90 re ta in  
thei r  h o m o g e n e i t y  after  p o l y m e r i z a t i o n  in case of E t O H  
a n d  i - P r O H .  The  c o n v e r s i o n  does  no t  exceed 10%. In the  
case  of E G M M E  h igher  c o n v e r s i o n  b r ings  a b o u t  phase  
s e p a r a t i o n  a n d  the sys tems  whose  ini t ia l  c o m p o s i t i o n  

was  o0/w0 = 90/10; 80/20 r e m a i n  h o m o g e n e o u s .  M E M E t  
s tab le  sys t ems  are  o b t a i n e d  for  Oo/W0 = 90/10 + 40/60. In  
this  case  the  c o n v e r s i o n s  r each  m a x i m u m  30%.  

In  conc lu s ion ,  one  can  affirm t h a t  the  sys tem of  cosu r -  
fac tan t s  wi th  sho r t  cha in  s t ud i e d  fo rm h o m o g e n e o u s  
sys tems  wi th  water ;  the i r  re f rac t ive  indexes  a n d  excess 
v o l u m e  as well  as f luorescence  p r o p e r t i e s  of  the  p r o b e  
(pyrene)  d o  n o t  d e p e n d  l inea r ly  on  c o m p o s i t i o n .  Th is  
b e h a v i o r  s u p p o r t s  the  n a n o s t r u c t u r i n g  of  these  sys tems.  
Even  the  h y d r o c a r b o n a t e  s h o r t  cha ins  can  y ie ld  a h y d r o -  
p h o b i c - t y p e  a s s o c i a t i o n  Vinyl  ace t a t e  can  fo rm h o m o -  
ge ne ous  V A c / S C C / H z O  systems.  The  sequence  of  the i r  
d e c r e a s i n g  n u m b e r  is as fol lows:  E t O H  > i - P r O H  > 
A c r A  > n - P r O H  > E G M M E  > M E M E t .  

Af te r  r ad i ca l  p o l y m e r i z a t i o n  of  v inyl  ace t a t e  in the  
h o m o g e n e o u s  s a mp le s  this  p r o p e r t y  is r e t a i n e d  on ly  when  
the  p o l y m e r  is so lub i l i zed  in c o s u r f a c t a n t - w a t e r  mix tu re .  
T h e  c o s u r f a c t a n t  acts  as c h a i n - t r a n s f e r  agent .  
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