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Abstract  The solubilization of styrene 
molecules in aqueous dodeciltrime- 
t h y l a m m o n i u m  Hydroxide (DTAOH)  
solution was studied by UV-Vis 
spectroscopy. In short, fully ionized 
D T A O H  aggregates the styrene 
molecules in the micelle double layer, 
oriented with their vinyl group to the 
micelle core and the aryl ring to the 
intermicellar solution. At increased 
surfactant  concentration,  when the 
aggregates incorporate  counterions in 

their Stern layer, the orientation is 
maintained,  but styrene molecules 
gradual ly  penetrate  into the micelle 
core as the micelle size and degree of 
counter ion union increased, until they 
were completely immersed in the 
hydroca rbon  core of rod-like micelles. 
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Introduction 

The solubilization site and the or ientat ion of  solvate 
m o n o m e r  molecules in micelles influences the type of poly- 
mer  which is obta ined  in both  emulsion and microemul-  
sion polymerizat ion 1,1]. The type and concentra t ion of 
surfactant  determine the rate and mechanism of poly- 
merization,  s t ructure and propert ies of the polymer,  and 
stability of  the resulting latex 1,1]. It was found in previous 
papers  [-1] that  styrene solubilizes in anionic and cationic 
micelles following the two-states model  1,2]. In this model, 
some of the solvate molecules are adsorbed at the micelle 
surface, and the others are solubilized in the hydroca rbon  
micelle core. This is because of the surface activity of 
a romat ic  c o m p o u n d s  in aliphatic hydroca rbon  water  in- 
terfaces, since they can form hydrogen bonds with water  
molecules, via, their rr electrons [3]. 

In a series of  papers  we have studied the system 
dodec i l t r ime thy lammonium hydroxide (DTAOH)-wa te r ,  
[4]. In this way we determined the sites of  styrene solubil- 
ization in D T A O H  micelles. D T A O H  aggregates in steps: 
at 1.3 x 10- s M, small, fully ionized aggregates form which 

grow with increasing concentrat ion.  At 1.11 • 1 0 - 2 M  
(CMC) true micelles form with micellized O H -  counter-  
ions, and at 3 .02x 1 0 - 2 M  there is a change in micelle 
structure. At the CMC, D T A O H  micelles are small and  
highly ionized (~ = 0.8), but  the degree of ionization ~ de- 
creases with increasing concentra t ion 1,4a]. The goal was 
to determine the effect of these steps on the solubilization 
of polymerizable monomers .  To  follow the path  defined in 
previous papers, we used styrene as a probe, by using the 
effect of the dielectric cons tant  in the microenvironments  
on the absorpt ion propert ies  of the solubilized molecules 
in the UV-Vis spect rum r2a, 5]. This estimation may  be 
made by compar ing  such characterisitics of the microen-  
vironment  of a spectroscopic sensor as chemical shift or  
the absorbance ratio of  a band  to the adjacent min imum 
measurements  made in a number  of reference solvents. 

Experimental 

The preparat ion of dodecy l t r imethy lammonium hydrox-  
ide solution has been repor ted  elsewhere [4a]. Solutions 
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Fig. IA UV-Vis  spec t ra  of  s ty rene  in m e t h a n o l - w a t e r  mixtures :  
(1) m e t h a n o l  2 0 w t . % ,  ~ : -  72.8, (2) m e t h a n o l  4 0 w t . % ,  ~: =63 .0 ;  
(3) m e t h a n o l  60 wt .%,  ~; = 52.2; (4) m e t h a n o l  80 wt .%,  e = 42.6, (5) 
m e t h a n o l  100 wt .%,  e - 33.8. B s tyrene  spec t ra  of  s tyrene  in (6) 
a q u e o u s  1% urea  and  (7) n -decane  
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Fig. 2 Absorbance ratio A _21o/A -250 vs. solvent dielectric constant 
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were prepared  with double-distilled water, which was 
degassed and preserved from atmospher ic  CO2. All chem- 206 

icals were of analytical grade. 2134 
All UV-Vis spectra were studied with a Hewlett  

Packard  H P  8452A spectrometer  with a linear diode ar- 
rays at 25 ~ 

Cal ibrat ion curves were obtained for 4.8 x 10 5 M  
styrene solutions in n-decane, w a t e r +  1 wt.% urea, 
ethanol,  acetone, ethyl ether and different methanol  water 
mixtures, with dielectric constants  ranging from 2 to 81.5 7 
[6]. Figure la  shows the UV-Vis spectra of styrene in 
ethanol water  mixtures with different dielectric constants 6 
and Fig. lb  the spectra in water  with 1% urea and in 5 
decane. The ~210 nm band  corresponds to transitions ~ 
7z ~ g* in the vinyl group, whereas that of ~240 pertains < ~ 4 
to the transit ion ~z ~ ~z* in the aromat ic  ring (K band). <E 
A detailed analysis was made in ref. [-ld]. 

In Fig. 2 the dependence of the absorbance ratio 
A-2 l o/A_24o on the solvent dielectric constant  (e) is plot- 
ted. The rat io is a measurement  of the average dielectric 1 t 
constant  in the microenvi ronment  of the styrene molecules 
as a whole. 

Figure 3 shows the dependence of 2mx, the position of 
the m a x i m u m  at the vinyl 7t --* ~r* transit ion on e. Figure 4 
shows the dependence of the absorbance ratio 
A-24o/A-23o between the m a x i m u m  and the adjacent 
min imum for the K band. Figure 5 shows the UV-Vis 
spectra of styrene in (a) 5 x I 0 - 3 M  D T A O H ,  (b) 2 x 
1 0 - 2 M  D T A O H  and (c) 5 x 1 0 - 2 M  D T A O H  aqueous 
solution. 
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Fig. 3 M a x i m u m  w a v e l e n g t h  (2rex) or  the  vinyl  7z ~ 7z* t r an s i t i o n  vs. 
so lven t  dielectr ic  c o n s t a n t  
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Fig.  4 A b s o r b a n c e  ra t io  Amx/Ami  n vs. so lven t  dielectr ic c o n s t a n t ,  for 
the  aryl  ~z --, 7t* t r an s i t i on  

Results and discussion 

�9 As can be seen in Fig. 5, in all three D T A O H  concentra-  
tions styrene is associated with aggregates. N o n e  of the 
spectra is similar to that in water. Figure 3 has a 
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Fig. 5 Styrene UV-Vis spectra in DTAOH aqueous solution, A 
5x 10-3 M, B 2x 10-2 M, C 5x 10-2M 

min imum at e = 63. This means  that  except for the 
min imum,  there are two solutions for a given 2rex value. 
The indefinition was avoided by using Fig. 2 to elucidate 
the average value of e.. 

�9 Solution in 5 x 10 -3 M D T A O H :  At this concentration,  
D T A O H  forms small premicellar  aggregates which are 
a lmost  completely ionized [4a]. F r o m  Fig. 2, the aver- 
age dielectric constant  for the whole styrene molecule is 
abou t  24. The dielectric cons tant  of the vinyl group 
microenvi ronment  is ~27, whereas that  of the aromat ic  
ring is ,~52. This si tuation is compat ib le  with a model 
in which the styrene molecules are adsorbed at the 
surface of the aggregates, with the vinyl g roup  closer to 
the hydroca rbon  core than the a romat ic  ring, which is 
oriented to the water, as it is shown in Fig. 6. This 
picture is consistent with a gradual  depletion of the 
dielectric constant  when the distance to the surface 
diminishes [7], and with the affinity between the aro- 
matic  ~ electrons and water, by fo rmat ion  of hydrogen 
bonds  [3]. 

�9 Solution in 2 • 10 -2 M D T A O H :  F r o m  Fig. 2, the aver- 
age dielectric constant  for the whole styrene molecule is 
abou t  13. The local dielectric constant  for the vinyl 
g roup  is ~4.3, whereas that  of  the aryl g roup  is ~45. At 
this concentra t ion there are true micelles, with counter- 
ions in the Stern layer [4a]. The  dielectric constant  of 
the aryl microenvironments  is similar to that  found for 
styrene in DTAB micelles (~ ,~ 32). 

�9 Solution in 5 x 10 -2 M D T A O H :  The styrene spectrum 
is now equal to that  in decane, with ~ ~ 2. F r o m  Fig. 2, 
the average dielectric constant  for the whole styrene 
molecule is about  2, too. This means  that  the aggregates 
have a very high solubilization capaci ty  in the micelle 
core, with an undetectable (if any) adsorpt ion  in the 
micel le-water  interface. This is a surprising result, 

[ ~  GOUY CHAPMAN 
LAYER 

..-" ~TERN H ^L<,.,. " ' -  ,,, 
LAYER ~CH 2 

Fig. 6 Proposed orientation of styrene at the interface of small 
DTAOH aggregates 

because the solubilization of a romat ic  molecules in 
micelles (including a lky l t r imethy lammonium halides) 
was in the past described by the two-states model: some 
of the solubilizate was in the micelle interior core, and 
some adsorbed at the surface, because of the surface 
activity of a romat ic  substances at the h y d r o c a r b o n -  
water interface [2b, 8]. This effect is similar to that of 
acrylic acid on styrene solubilized in cetyltr imethylam- 
mon ium bromide micelles [ ld ] .  
F r o m  the average values of ~ of Fig. 2, the progressive 
immerison of styrene molecules into the micelle struc- 
ture may  be followed. This average value considers both  
the vinyl and the aryl micromedia,  giving a good 
measurement  of the degree of immersion of the molecule 
as a whole. It must  be reminded that  in the two-states 
model, some molecules are in the micelle core and 
others are at the interface. Then, the values obtained 
from Fig. 2 are average values f rom styrene molecules in 
both  states. The progressive immersion reflects the in- 
creased capacity of solubilization of aggregates as they 
increase in size when counterions join the stern layer. 
The solubilization of styrene in the micelle core without 
any detectable adsorpt ion at the micelle surface in 
5 x 10 -2 M D T A O H  aqueous solution may  be due to 
a combinat ion  of effects. Prel iminary measurements  
with laser light scattering in aqueous 5 x 1 0 - Z M  
D T A O H  showed very polydisperse rod-like micelles 
about  300 nm long. The micelle ionization degree at this 
concentrat ion is c~ ~ 0.5 [-4a]. Rod-like micelles have 
enhanced solubilization capacity,  when compared  with 
spherical ones [9]. However ,  rodlike micelles of other 
surfactants showed two-states solubilization [2b, 10] 
We suppose that  the highly hydra ted  O H -  counterions 
in the Stern layer, with their hydrat ion water  molecules 
strongly oriented, shield the aryl groups from free water 
molecules. This enables the styrene to form hydrogen 
bonds with free water  molecules. Since the hydrogen 
bond format ion causes for the adsorpt ion  of aromat ic  
molecules at the h y d r o c a r b o n - w a t e r  interface, styrene 
molecules sink into the hydroca rbon  micelle core. 
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