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Bicontinuous microemulsions consisting of methyl methacrylate, 2-hydroxyethyl methacrylate, ethylene 
glycol dimethacrylate, and water mixtures of long and short alkyl chain length cationic n-alkyltrimethyl- 
ammonium bromides as surface-active agent, were used as precursors for the formation of porous polymeric 
materials. It was found that the mixing ratio of long and short chain length surfactants has a pronounced 
influence on the morphology and microstructure of the polymeric materials so obtained. At a particular 
ratio of long to short alkyl chain length cationic surfactants, the pores were found to be irregular and 
sponge-like in structure resembling that of a bicontinuous structure. All electron microscopy investigation, 
swelling and permeability studies indicate an increase in pore sizes of the polymeric materials on increasing 
the weight ratio of long chain length relative to that of short chain length surfactant. The modification in the 
microstructure of the polymeric materials is discussed in terms of the interfacial film rigidity. Copyright © 
1996 Elsevier Science Ltd. 
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I N T R O D U C T I O N  

Since the introduction by Scriven 1, there has been much 
evidence indicating the existence of  bicontinuous micro- 
emulsions. A direct p roof  was given by Jahn et al. 2 who 
studied nonionic microemulsions. Their electron photo- 
micrographs clearly show the bicontinuity between the 
aqueous and oily domains. Indirect evidence was given 
by viscosity, n.m.r, and self-diffusion experiments 3'4. The 
bicontinuous structure is commonly  described as an 
irregular sponge-like structure in which aqueous and oily 
domains are interconnected over macroscopic distances 
or are locally lamellar 1'5. Various models have been 
proposed to account for the formation and behaviour of  

67 the structure ' . It is noteworthy that the interfacial film 
of  a bicontinuous structure has a zero mean curvature, 
i.e. it is flat on average 8. 

Apar t  f rom extensive studies on bicontinuous micro- 
emulsions themselves, they have been employed to 
prepare transparent,  stable and fluid microlatexes when 
the amount  of  monomer(s)  reached 25% and that of  
surfactant is reduced to about  10% 9'10. A bicontinuous 
microemulsion can also be used as a medium for electro- 
chemical studies 11 . Recent work on bicontinuous micro- 
emulsions polymerization has been further extended 
to the preparat ion of  porous polymeric materials 
which have potential applications in separation tech- 
nology 12-24. 

* To whom correspondence should be addressed 

The microstructure of  polymeric materials can be 
controlled by varying one or more of the component(s) 
of  the precursor bicontinuous microemulsions. In our 
previous study 24, we found that the microstructure of the 
polymeric materials depends on the alkyl chain lengths of  
the cationic surfactants. The longer the alkyl chain length 
of the surfactants, the larger are the aggregates and pore 
sizes of the polymeric materials obtained. In this work, we 
extended our previous work 24 by investigating the effect 
of  mixing long with short alkyl chain length cationic 
surfactants on the morphology and microstructure of  the 
final polymeric materials obtained. 

E X P E R I M E N T A L  

Mater ia l s  

Methyl methacrylate (MMA) from BDH, and both 2- 
hydroxyethyl methacrylate (HEMA) and ethylene glycol 
dimethacrylate ( E G D M A )  from Merck were purified 
under reduced pressure to remove impurities and 
inhibitors before use. Dibenzyl ketone (DBK) of purity 
>98% was used as received. Hexyl t r imethylammonium 
bromide (C6TAB), dodecyltr imethylammonium bro- 
mide (C12TAB) and cetyl tr imethylammonium bromide 
(C16TAB), all of  purity >98%,  were used as received. 
Ammonium persulfate (APS) and N , N , N ' , N ' - t e t r a -  
methylethylene diamine (TMEDA)  of purity greater 
than 98 and 99%, respectively, were used as received 
from Aldrich. Millipore water of  conductivity 
ca. 1.0#Scm -1 was used. 
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Table 1 The effect of mixing CI6TAB and CI2TAB or C6TAB on the 
appearance of the polymeric materials obtained 

Appearance h 
Microemulsion C~6TAB CI2TAB C6TAB 
sample ~ (wt%) (wt%) (wt%) BD AD 

CI0 100 0 WY TI 
C8D2 80 20 WY TI 
C5D5 50 50 BY C 
C2D8 20 80 BY C 
DI0 0 100 BY C 
C8H2 80 - 20 WY TI 
C6H4 60 40 YW TI 
C5H5 40 - 50 BY C 
C4H6 50 -- 60 BY C 
C2H8 20 - 80 LB C 
HI0 0 100 LB C 

Weight ratio of MMA/HEMA was maintained at 1/4 and EGDMA 
was 4•0wt% based on the total weight of MMA and HEMA added. 
Each sample consisted of 50% aqueous solution and 50wt% MMA 
and HEMA. The aqueous solution contained 20wt% cationic 
surfactant or combination of long and short alky] chain length cationic 
surfactants 
h BD, before drying; AD, after drying, YW, yellowish white; BY, bluish 
yellow: LB, light bluish; T1, slightly translucent: C, clear 

Preparation of microemulsions 
The microemulsion samples, in principle, can be 

chosen from the transparent region of the phase diagram 
which have been determined in our previous study 24. 
Table 1 listed the microemulsion compositions used in 
this study. The weight ratio of MMA to H E M A  was 
maintained at 1/4 while the amount of E G D M A  was 
4.0 wt% based on the total weight of  M M A  and HEMA. 
Each sample consisted of  50 wt% aqueous solution. The 
aqueous solution contained 20 wt% surfactant or com- 
bination of long and short alkyl chain length surfactants. 

Polymerization 
Each microemulsion sample was photoinitiated using 

DBK in a 5 ml-glass ampoule. DBK added was 0.3 wt% 
based on the total weight of each sample. After purging 
with nitrogen for ca. 10 min, each sample was sealed air- 
tight and then irradiated with u.v. light in a Rayonet 
Photochemical Reactor chamber (model RPR-100). The 
photopolymerization was carried out for a duration of 
2 h at 354- 0.5°C. 

Electron microscopy investigation 
The morphology of  the polymeric materials was 

examined using a Hitachi S-4100 Field Emission Scan- 
ning Electron Microscope (FESEM). For viewing the 
fractured surfaces of the polymerized samples, they were 
freeze-fractured in liquid nitrogen while for the surface 
morphology, they were used directly for examination, 
Prior to examination, all the samples were then attached 
to an SEM stub and vacuum dried before coating with a 
thin layer of gold using a Jeol ion-sputter JFC-1100 
coater. 

Swelling characteristics 
The polymerized samples were cut into small pieces, 

and washed with a large quantity of methanol, and 
leached with hot water at 50°C until the conductivity of 
the effluent was the same as that of fresh millipore water. 
They were dried to a constant weight in a vacuum oven at 
room temperature. They were then swelled in water at 

30°C until they reached equilibrium and their weight 
gains were recorded. Duplicate readings were taken for 
each sample• The equilibrium water content, EWC, 
expressed as a percentage is given by 

W - W o  
E W C ( % )  - w 

where W refers to the weight of  the swollen polymer 
sample at an equilibrium swelling and I4/o the weight of 
the dried polymer sample. 

Permeabili O' studies 
For the permeability studies, polymer films were 

prepared from the precursor bicontinuous microemul- 
sions (with compositions shown in Table 1) initiated by_ 
a very reactive redox initiating system (APS/TMEDAy 
at 25°C. This was done by forming the microemulsion 
samples into thin films between two glass plates in an 
enclosed chamber filled with purified nitrogen gas. The 
redox initiator used was equimolar APS/TMEDA and 
the amount was always 13.1 mmoll  -l (0.3wt%) based 
on the total weight of the aqueous phase for each 
microemulsion sample. 

After 6 h of  polymerization, the unconverted monomer 
and surfactant in the polymer films were leached out by 
washing them with millipore water at 50°C. The con- 
ductivity of the effluent water was measured using an 
Omega CM-155 conductivity meter with a cell constant 
of 1.0291cm J. The washing was continued until the 
effluent had the same conductivity as the fresh millipore 
water. 

The permeabilities of the polymer membranes were 
determined using a 0.01 M NaC1 solution which had a 
conductivity of 5380 #S cm -1. The measurements were 
conducted using a permeability cell as described else- 
where 26. One of the compartments of the cell contained a 
certain volume of 0.01 M NaC1 solution while the other 
was filled with the same volume of millipore water. The 
two liquids were separated by the porous membrane of 
25ram in diameter and a thickness of about 50-55 #m. 
The rise in the conductivity of the millipore water due to 
the transport of NaC1 across the membrane was moni- 
tored by a conductivity meter as a function of time at 
25°C. The liquids in both compartments of the cell were 
stirred by mechanical stirrers each at 500 rpm to minimize 
the concentration gradients within each compartment. 

A quantitative representation of the permeability of the 
membranes was obtained by determining the mass 
transfer coefficient (Kin) for the transport of NaC1 across 
the membrane. The expression for Km for the transport 
of solute in dialysis cells assuming quasi-steady-state 

• " ~ 7  " ~ 8  • diffusion is well documented in the literature" '" , i.e. 

Vl V2 (Cj - C2)to 
Km : -  A(t - to)(Vj + V2) In (C1 - C2)t 

where A is the membrane surface area permeable to the 
solute. Cj and C2 are the concentrations of NaC1 in the 
compartments upstream and downstream of the mem- 
brane, V1 and V2 are the volumes of the compartments 
upstream and downstream of the membrane, to is the 
initial time, and t is the final time. The NaC1 concentra- 
tion in the downstream compar tment  at a given time 
t, (C2)t, was experimentally determined by measuring the 
conductivity of the solution, while (C1)t in the upstream 
compartment was obtained by the mass balance. 
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Figure 1 The surface morphology in contact with the glass wall for polymer samples: (a) C10; (b) C8D2; (c) C5D5; (d) C2D8; (e) DI0 

R E S U L T S  

Polymerization 

All  the b icon t inuous  mic roemuls ion  compos i t ions  l isted 
in Table 1 were used for  the p o l y m e r i z a t i o n  study.  The  

wate r  con ten t  in each mic roemul s ion  sample  was fixed at  
40 w t % .  This a m o u n t  o f  wate r  was employed  because  the 
mic roemuls ions  so fo rmed  exhibi t  the character is t ics  o f  
b i con t inuous  s t ructures  as r epor t ed  in the l i te ra ture  15 18 
and  deduced  f rom our  previous  studies 19'2°. 
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Figure 2 The morphology of the fractured surface for polymer samples: (a) CI0; (b) C8D2; (c) C5D5; (d) C2D8; (e) DI0 

Upon the polymerization, the initial clear fluid micro- 
emulsion became more viscous until the formation of a 
transparent soft gel. On further polymerization, the clear 

soft gel turned into a solid whose appearance ranged from 
transparent, light bluish, bluish yellow or yellowish white 
depending on the composition of  each microemulsion 
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sample. The opacity of the polymeric materials dimin- 
ished on increasing the weight ratio of C6TAB to CI6TAB 
or CIzTAB to C16TAB as shown in Table 1. Upon drying 
in an oven at 100°C for ca. 30 rain, polymeric materials 
that were most opaque became slightly translucent, 
whereas those of low opacity changed to optically clear. 
However, when water was allowed to reabsorb into these 
dried polymeric materials, they resumed their original 
appearance. 

Characterization of polymeric materials 
The effect of mixing ClzTAB with C16TAB in pre- 

cursor bicontinuous microemulsions (with compositions 
shown in Table 1) on the microstructure of the polymeric 
materials is presented in Figures 1 and 2. Figure 1 (a-e) 
shows the morphology of the surface in contact with the 
glass wall for polymer samples C10, C8D2, C5D5, C2D8 
and D10, respectively, whereas Figure 2(a-e)  shows 
their respective fractured surfaces. Some deformation of 
the microstructures arising from the fracturing process 
can also be seen from the micrographs for the fractured 

surfaces of the polymeric materials. Since the morphol- 
ogy of the polymer surfaces facing the glass wall or facing 
the nitrogen atmosphere were unaffected by the fractur- 
ing process, thus they present the more original micro- 
structure of the polymer surfaces. As a result, the 
explanation as presented here on the transformation of 
microstructures of the polymeric materials containing 
different weight ratio of short and long alkyl chain length 
cationic surfactants was based on the polymer surfaces 
facing the glass wall. For polymer sample C10 which 
contained 100% CI6TAB, elongated, worm-like struc- 
tures interconnected together with some oval-shaped 
and globular structures were observed in the micrograph 
as shown in Figure la. These worm-like structures were 
ca. 1 2#m in length and ca. 0.2-0.5 #m in diameter. The 
corresponding fractured surface as depicted in Figure 2a 
shows the existence of porous structures. These pores 
were observed to be irregular in structure and were 
ca. 0.5-1.0#m in length and ca. 0.05-0.2#m in width. 
On increasing the weight ratio of C12TAB/C16TAB to 
1/4 (sample C8D2), oblate structures of dimension 

Figure 3 The morphology of polymer sample C6H4: (a) the surface in contact with the glass wall; (b) the fractured surface; (c) the surface facing 
nitrogen atmosphere 
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ca. 0.4-0.6 #m in length and ca. 0.2-0.3 #m in diameter 
(Figure lb) were obtained with pore sizes in the range of 
ca. 50-3OOnm (Figure 2b). When equal amounts of 
C16TAB and C12TAB were incorporated into the 
system (sample C5D5), globular structures of ca. 0.1- 
0.5 #m in diameter and pore sizes of ca. 50-100 nm were 
seen: see Figures lc and 2c, respectively. On further 
increase in the weight ratio of C12TAB to C16TAB, the 
globular microstructures for sample C2D8 (Figure ld) 
became even smaller, but larger in size than those of 
sample D10 (Figure le) which used only CI2TAB. The 
pore sizes for both samples C2D8 and D10 were mainly 
within the range of ca. 20-100nm as shown in Figure 
2(d and e). 

When the much shorter chain length C6TAB was used 
to replace Ca2TAB, the effect on the microstructures of 
the polymeric materials was more pronounced, as 
illustrated in Figures 3 and 4. For instance, the morph- 
ology of the polymer surface facing the glass wall for 
polymer sample C8H2 (which contains 20% C6TAB) 

was aggregated globular structures of size in the range 
0.2-1.0 #m as shown in Figure 3a. The result was different 
from oblate structures observed for polymer sample C8D2 
containing 20wt% C~2TAB. The corresponding fracture 
surface shows pore size of ca. 50-200 nm as depicted in 
Figure 3b, while its surface facing the nitrogen atmosphere 
shows pores nearly round in shape, of dimension 0.5 
2.0 #m can be clearly seen from Figure 3c. On further 
increasing the weight ratio of C6TAB to CI6TAB as for 
samples C6H4, C5H5, C4H6, C2H8 and H10, the 
microstructures remained in globular form but their 
globular sizes became progressively smaller. However, 
only at particular weight ratios of C6TAB to CI6TAB, 
for example, polymer sample C6H4, well defined pores 
or voids similar to random or sponge-like bicontinuous 
structures as reported in the literature 2'5 were observed 
as depicted in Figure 4 (a-c) .  The pores were ca. 0.1- 
1.0 #m in length and ca. 50-200 nm in width. The solid 
polymer phase consisted of spherical globules aggre- 
gates. The larger globules (200nm) are actually 

Figure 4 The morphology of polymer sample C6H4: (a) the surface in contact with the glass wall; (b) the fractured surface; (c) the surface facing the 
nitrogen atmosphere 
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Figure 6 The permeability of  the polymer membranes  as measured by 
the rise in conductivity using a permeability cell. The symbols shown in 
the inset of  the figure indicate the values of  the weight ratio of  C 16TAB/ 
(Ct6TAB + C6TAB) 

comprised of smaller globules which are coagulated with 
each other. Similar pore structures were also observed 
for polymer sample C4H6 (micrograph not presented 
here). It appeared that well-defined random bicontin- 
uous pore structures were only observed at a suitable 
weight ratio of long and short alkyl chain length of n- 
alkyltrimethylammonium bromide (C,TAB). 

The effect of mixing C6TAB or ClzTAB with C16TAB 
on the EWC is presented in Figure 5. With the addition 
of a shorter chain length C6TAB or C12TAB to C16TAB , 
the EWC of the system decreased substantially, espe- 
cially for the one with the shortest chain length. 

The different permeabilities of the polymer mem- 
branes containing different weight ratios of C6TAB with 
C16TAB, as measured by the rise in conductivity using a 
permeability cell, are shown in Figure 6. It is clearly 
shown that higher conductivities were obtained for those 
polymeric membranes with higher weight ratio of 
C16TAB to C6TAB. Similar results were also obtained 
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Mass  transfer coefficient (K) for the transport  of  NaC1 across 
membranes  as a function of the weight ratio of  C16TAB/(CI6TAB+ 
C.TAB) in polymer membranes  ( - - T - - :  n = 6; 0 - - :  n = 12) 

from mixing CI2TAB with C16TAB. The permeabilities 
(measured after 1 h) of the membranes formed from 
microemulsions containing different weight ratio of 
C16TAB/(Cl6TAB + C6TAB ) or C16TAB/(C16TAB+ 
CIzTAB) are summarized in Figure 7. The mass transfer 
coefficient (Km) for the transport of NaC1 across the 
membrane can be regarded as a quantitative measure of 
the permeability of the membranes. Thus, the effect of 
C16TAB/(C16TAB + C6TAB ) or C16TAB/(CI6TAB+ 
ClzTAB) weight ratio on K m as plotted in Figure 8 is 
similar to that of Figure 7. 

DISCUSSION 

The opacity of the polymeric materials diminished on 
increasing the weight ratio of C12TAB to CI6TAB. This is 
attributed to the decrease in size of both the aggregates 
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and pores as evinced from the electron micrographs. The 
pores or voids of the polymeric materials were water-filled 
spaces between the incompletely coalesced aggregates. It 
is envisaged that the aggregates were formed through the 
coagulation between polymer particles during the course 
of polymerization. As explained in our earlier study 24, 
the coagulation between the polymer particles is believed 
to take place through the strong attractive hydrophobic 
interactions. The formation of  these incompletely coal- 
esced aggregates is believed to be due to the presence of  
repulsive forces between the surfactant molecules adsor- 
bed on the surfaces of  each polymer particle. From the 
packing point of  view, bigger pores will be formed 
between larger aggregates, while smaller pores will be 
generated from the coagulation of  smaller aggregates. 
The addition of  C6TAB or CI2TAB to the system con- 
taining C16TAB was found to reduce the sizes of aggre- 
gates and thus the pore sizes of the porous materials• 

An increase in EWC on increasing the ratio of  long to 
short alkyl chain length cationic surfactants indicated the 
increase in pore sizes of  the polymeric materials. This 
was further substantiated by the permeability studies 
which support that the pore sizes of  the polymeric 
materials increase with the increase in the ratio of long to 
short alkyl chain length cationic surfactants. All the 
FESEM observations, swelling characteristics and per- 
meability studies of the polymeric materials showed an 
increase in pore sizes on increasing the ratio of  long to 
short alkyl chain length cationic surfactants. 

The micrographs also provide evidence of  the polym- 
erization-induced structural modifications from the 
initial isotropic bicontinuous phase to the final elon- 
gated, oblate and spherical aggregates depending on the 
mixing ratio of  a short and long alkyl chain length of 
C,TAB. Our previous studies 21 also showed that the 
polymerization of  MMA and HEMA in bicontinuous 
microemulsion stabilized by CI2TAB would lead to the 
formation of  spherical or globular structure aggregates. 
But we have also successfully prepared bicontinuous 
microstructures of transparent polymers recently by using 

ol erlzabl surfa 19 2~ p ym ' e ctants ' - .  A mention should be 
included here regarding the polymerization of  monomer 
in a lyotropic bicontinuous cubic phase with preserva- 
tion of its precursor microstructures 3°. This was attrib- 
uted to the extremely viscous nature of the phase which 
minimized the rearrangement of the microstructure 
during polymerization. 

Several factors are responsible for microstructural 
modification during polymerization. It is known that 
the exothermic character of vinyl polymerizations 
undergoing a gel transformation can easily lead to 
large temperature excursions 3k32. Thermal disruption 
during polymerization is inevitable for this kind of vinyl 
polymerization undergoing gel transformation during 
polymerization. Since the oil-water interfaces of  bicon- 
tinuous microemulsions are flexible and fluctuating 33, 
they can easily undergo deformations. The second 
important factor involved in the microstructural 
change arises from the co-monomer HEMA. A notable 
extension of the microemulsion region on addition of 
H EMA into the system was observed in our previous 
study 24, indicating that HEMA possesses the character- 
istics of a cosurfactant. This means that HEM A  is 
partially located between the surfactant molecules 
resulting in a flexible interfacial film, which favours the 

formation of bicontinuous microemulsion. As soon as 
polymerization starts the depletion of  HEMA from the 
interfacial layers will cause an increase in the rigidity of 
the interfacial film. This is because the tail of  the 
surfactant molecules become more closely packed with 
each other and the interfacial film is harder to bend 34 in 
the absence of HEMA. 

On increasing the weight ratio of Cl2TAB to Cj6TAB, 
the bending rigidity constant (K) of the surfactant 
monolayer decreases. This can be understood from the 
considerations of interfacial film packing constraints. 

• 35 According to Bellocq and Jousset-Dublen- , the bending 
rigidity constant (K) is related to the interfacial thickness 
(L) and the area per polar head (A): 

L n 
K o ( - -  

AP 

where n and p are constants (n ~ 2-3,p ~ 5). The 
equation indicates that the thicker the interfacial film, 
the higher the K value. The presence of  a shorter chain 
length surfactant at the interface would naturally lower 
the thickness of the interfacial film. This is because 
beyond the region packed by the short chain length 
surfactant molecules, the tails of the longer chain length 
surfactants are now essentially dangling free. The 
resulting effect of the decreased thickness of the mixed 
film in the presence of shorter chain length surfactant 
molecules is an increase in the flexibility of the 
monolayer film and so a smaller K value associated 
with it. This may explain why the microstructure 
changed progressively from elongated worm-like to 
oblate and to spherical structures on increasing the 
weight ratio of C~2TAB to C16TAB. 

When an even shorter chain surfactant, C6TAB, was 
used to replace CI2TAB, the morphology of the 
polymeric materials obtained shows a sponge-like 
porous structure resembling that of  the random bicon- 
tinuous structure of bicontinuous microemulsions. It 
should be noted here that the short alkyl chain length 
C6TAB is not a micelle-forming surfactant due to its 
short hydrophobic moiety and high solubility in water. 
As a result, C6TAB can only act as a cosurfactant. A 
suitable weight ratio of short and long alkyl chain length 
of cationic surfactants appears to be required to preserve 
the flexibility and degree of bending of the oil-water 
interfaces of the precursor systems once polymerization 
starts. In the absence of short chain length C6TAB, the 
initial flexible mixed surfactant interfacial film will 
become more rigid when HEMA is moved away from 
the interfacial layers upon polymerization. This results in 
an increase of the thickness of the interfacial film which 
makes it difficult to bend thus unfavourable for forming 
spherical globules. However, when C6TAB is mixed with 
C16TAB, the change in the flexibility of  the interfacial 
film may not be so drastic when HEMA is consumed 
from the surfactant monolayers after polymerization as 
compared to that in the presence of C12TAB. This is 
because the shorter chain length C6TAB will maintain a 
thinner interracial film than is possible with C12TAB. 

The larger polymer aggregates observed at a higher 
ratio of CI6TAB to C12TAB or C6TAB are probably 
due to the fact that a surfactant with a longer alkyl 
chain length is more effectively anchored to the 
polymer surfaces. This is because a longer alkyl chain 
length surfactant will give rise to a greater hydrophobic 
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i n t e rac t ion  with  p o l y m e r  c o m p a r e d  to tha t  o f  a shor te r  
a lkyl  chain  length  surfac tant .  Thus  the ra te  o f  m u t u a l  
coagu la t ion  between the p o l y m e r  par t ic les  is reduced.  
Hence,  these p o l y m e r  par t ic les  can grow to larger  sizes 
before  the coagu la t i on  occurs.  On  the o ther  hand ,  a 
shor te r  a lkyl  cha in  length  sur fac tan t  is less effective in 
p revent ing  the coagu la t ion  with  the ne ighbour ing  
par t ic les  before  the p o l y m e r  par t ic les  can  grow to 
larger  sizes. Thus  smal ler  par t ic les  are observed  for  the 
system using a h igher  ra t io  o f  a shor te r  a lkyl  chain  length  
surfac tant .  

C O N C L U S I O N S  

This  s tudy indica tes  the feasibi l i ty  o f  p repa r ing  po rous  
po lymer ic  mate r ia l s  o f  con t ro l l ed  mic ros t ruc tu res  by 
s imply  po lymer iz ing  monomer ( s ) - con t a in ing  b icont in-  
uous  mie roemuls ions  using mix tures  o f  long and  shor t  
a lkyl  cha in  length  ca t ionic  surfactants .  The  m o r p h o l o g y  
and  mic ros t ruc tu re  o f  the po lymer i c  mate r ia l s  f o rmed  in 
mic roemuls ions  is s t rongly  dependen t  on  the ra t io  o f  
long and  shor t  a lkyl  cha in  length ca t ionic  n-a lkyl t r i -  
m e t h y l a m m o n i u m  b r o m i d e  surfactants .  Mix ing  o f  shor t  
and  long chain  sur fac tan ts  leads to a change  in 
in ter fac ia l  film pack ing  cons t ra in t s  and  thus to its bend-  
ing r ig idi ty  cons tan t .  A sui table  ra t io  o f  long and  shor t  
a lkyl  cha in  length ca t ionic  sur fac tan ts  can lead to the 
f o r m a t i o n  o f  well defined r a n d o m  or  sponge- l ike  
b i con t inuous  s t ructures .  The  con t ro l  o f  mic ros t ruc tu re  
t h r ough  mix ing  o f  shor t  and  long a lkyl  cha in  length 
sur fac tan ts  is more  effective than  using different  a lkyl  
chain  length  surfactants .  
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