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Abstract

Using small-angle neutron scattering technique with appropriate contrast we have been
able to elucidate some association structures of polystyrene (PS) and triblock co-polymers
of polyethylene oxide-polystyrene- polyethylene oxide (PEO-PS-PEO) in a water-in-oil
microemulsion system.

Introduction

Polymer association in both micellar and microemulsion systems have been under active
investigations since late 1980s. The asociation structures formed the basis of
microemulsion-based gels formulation as well as ordering of glassy microemulsions (1).
In most studies, optical as well as IR and UV spectroscopies and NMR and light
scattering became to be the main tool of investigations. There had been also some studies
done using small-angle neutron scattering techniques (2, 3). In this paper we report some
of the structural investigations of the asociation structures formed by the various co-
existing phases when polystyrene (PS) and triblock co-polymers of PEO-PS-PEO were
introduced in a water-in-oil microemulsion system.

Experimental

The triblock co-polymers of PEO-PS-PEO with a total molecular weight of 127,800 with
the PEO ends contributing a molecular weight of 2000 and Mw/Mn = 1.063 was purchased
from Polymer Laboratories Ltd, Middlesex , England. Polystyrene of molecular weight
107,000 and Mw/Mn =1.01 was purchased from Toyo Soda Manufacturing Co. ( Japan).
The polystyrene molecular weight of 107,000 was the nearest that could be obtained
compared to that in the triblock co-polymer which was 125,800. The microemulsion
system used was a water-in-cylohexane with 0.1M Aerosol-OT concentration. This
anionic surfactant was purchased from Sigma. Co and used without further purification.
Deuterated water ( purchased from BDH, Poole, England) was used throughout the
experiments with no other deuterated components. The phase diagrams of the
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microemulsion phases are shown in figure la for the polymer-free system and that for the
triblocks-containing microemulsions (Copolymer/water weight ratio = 1/1.42) shown in
figure lb. The polystyrene-containing microemulsion system (PS/Water weight ratio =
1/1.42) is almost the same as the polymer-free microemulsion with a slight shift in the 2-
phase boundary towards higher temperature and the formation of a 3-phase region around
room temperatures and below. It can be seen that the triblock co-polymers subtantially
change the phase diagram of the original polymer-free microemulsion system. The
microemulsion was prepared by weighing the necessary amount of Aerosol-OT in a
Kimmax culture tube and then adding cyclohexane to dissolve the surfactant. Deuterated
water was later added and the samples shaken for several minutes. The turbid samples
were then dipped in a water bath and the number of phases determined with respect to
temperature. The phase boundaries were determined both by a cooling and heating cycles
of the sample. For the polymer-containing samples polymer ( PS or triblocks) the polymer
was added last and the whole sample was heated up to 80 degree Celsius and stirred while
cooling. Phase determination were done later by both heating and cooling the samples.
The small-angle neutron scattering experiments were done for selected samples at room
temperature, using the SANS spectrometer D16 at the Institut Laue-Langevin, Grenoble,
France. Room temperature was 22 degree Celsius. Samples were syringed out from the
culture tubes and transferred into quartz cells of 1 mm pathlengths ( Hellma cells) and left
to equilibrate to room temperature half-hour before each experiments. Two compositions
were chosen for comparison : I) 300 mg PS in 5ml 0.1M Aerosol-OT+D2O +
cyclohexane at surfactant to water molar ratio, R = [ A-OT]/[D2O] = 50 which formed
essentially a 3-phase solution (the lowest or fourth phase was only 4 percent of the total
volume of the solution) and II) 300 mg triblock co-polymers in 5ml 0.1M Aerosol-
OT+D2O + cyclohexane at surfactant to water molar ratio, R= [A-OT]/[D2O] = 80
which formed a 4-phase solution.

Results and discussions

The phase notation started from the top phase with the topmost being first and the lowest
phase being the fourth phase. SANS spectrum (Intensity (arbitrary) vs. Q) for the first ,
second and third phases for system I are shown in figures 2a, 2b and 2c. The fourth phase
volume for this solution was too little for measurement. The upper phase seems to
consists of spherical droplets with radii around 30 Angstroms. This can be compared
with the original polymer -free microemulsion which formed 2-phases at room
temperature of which the upper phase contains droplets of sizes about 44 Angstroms and
a lamellar lower phase. The second phase seems to consist of surfactant-decorated
polymers with a radius of gyration of 71 Ansgtroms ( and fractal dimension = 1.3). The
third phase (isotropic solution) seems to consist of concentrated droplets with an average
distance of 165 Angstroms determined from the peak positions at Q= 0.038 Ansgtroms"1

. The fourth phase was birefringent but too little in volume for measurement, implying
that it is probably a lamellar phase. For system II, the first, second, third and fourth phase
are shown in figures 3a,3b,3c and 3d respectively. The size of the droplets for the upper
phase solutions was found to be 45 Angstroms in radius larger than that found for system
I. This is probably due to a larger surfactant to water molar ratio but probably also to the
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amphiphilic character of the triblock co-polymers. The second phase of system II seems
to consist of surfactant-decorated polymers with a fractal dimension of 1.08 . The third
phase seems to consist of droplets with an average distance of 165 Angstroms , same as
that found for system I. The lowest phase was found to consist of droplets of radius
around 86 Angstroms larger than that found in topmost phase but probably less
concentrated than that found in the third phase. The average distance between the droplets
were found to be around 314 Ansgtroms almost twice that found in the third (top
neighbouring) phase.

Conclusions

Several conclusions can be drawn from the SANS findings on the above polymer-
containing microemulsion systems. First, the polystyrene -containing microemulsion
system seems to have an "in -between" behaviour in terms of the number and character of
its phases between the polymer-free and triblock-containing microemulsion systems.
Secondly , in the oil-rich phases, water -in-oil droplets are small coexisting with nearby
surfactant-decorated polymers whereas in the water-rich phases droplets are larger and in
the case of triblock-containing system coexist as a liquid-gas like system. Thirdly, there
seems to be no bicontinuous phases found for these system unlike that found in many
middle phases of three ( or four) -phase system which seems to suggest that entropic
contribution from long chain polymers inhibits formation of this tenous structure.
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Phase Diagram of System 0.1M AOT/Water/Cyclohexane
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Phase Diagram of System PEG-PS-PEG 127800 : WATER = 1/1.42
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a) Top : Phase diagram of the 0.1M Aerosol-OT + Water + Cyclohexane in the R =
[ A-OT]/[D2O] vs. Temperature plane.
b)Bottom : Phase diagram of the same system as above with added co-polymers in the
ratio of co-polymer: D2O = 1:1.42
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Fig.2a

SANS data for the first (topmost) phase of the system R=50 , 0.1M Aerosol-
OT/D2O/Cyclohexane with 300 mg Polystyrene ( M.W = 107,000) / 5ml.
a)Top: Fit to monodisperse spheres giving radius = 29.2 Angstroms.
b)Bottom: Guinier plot, giving radius of gyration = 25.9 Angstroms equivalent to sphere
radius of 33.4 Ansgtroms.
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Fig.2bv

SANS data for the second phase of the system R=50 , 0.1M Aerosol-OT / D2O /
Cyclohexane with 300 mg Polystyrene (M.W = 107,000)/ 5ml.
a) Top: Guinier plot giving radius of gyration = 70.7 Angstroms.
b) Bottom: Log-log plot giving a gradient or fractal dimension = 1.3

244



12

10

8

E-
4 —

2 ~

0 -

—2
0.00

I I J I

0.05 0.10 0.15 0.20

Q

Fig. 2c

SANS data for the third phase of the system R=50 , 0.1M Aerosol-OT / D20 /
Cyclohexane with 300 mg Polystyrene (M.W = 107,000)/ 5ml showing a peak at Q =
0.038 Angstroms'1.
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SANS data for the first(topmost) phase of the system R=80 , 0.1M Aerosol-OT/
D2O/Cyclohexane with 300 mg PEO-PS-PEO/5 ml.
a) Top: Fit to monodisperse spheres giving radius = 44.9 Angstroms.
b) Bottom: Guinier plot , giving radius of gyration = 31.8 Angstroms and equivalent

sphere radius = 41.1 Angstroms.
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SANS log-log plot for the second phase of the system R=80 , 0.1M Aerosol-017
D2O/Cyclohexane with 300 mg PEO-PS-PEO/5 ml giving a slope or fractal dimension =
1.08.
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Fig. 3c

SANS intensity plot for the third phase of the system R=80 , 0.1M Aerosol-OT/
D2O/Cyclohexane with 300 mg PEO-PS-PEO/5 ml showing a peak at Q = 0.038
Angstroms"'.
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Fig.3d

SANS data for the fourth phase of the system R=80 , 0.1M Aerosol-OT/
D2O/Cyclohexane with 300 mg PEO-PS-PEO/5 ml.
a) Top: Fit to monodisperse spheres giving radius = 85.6 Angstroms.
b) Middle: Log-log plot showing a shoulder at Q = 0.02 Angstroms"1.
c) Bottom;. Guinier plot , giving radius of gyration = 75.5 Angstroms or sphere radius

=97.4 Angstroms.
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