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Report:
Surfactant templated silicate materials are formed by the polymerization of silica
around surfactant micelles in solution to form composite solids containing a channel system
that has the dimensions and connectivity of a surfactant liquid crystalline phase.1,2 These
materials can be grown as powders, or as monoliths and under some conditions will
spontaneously form thin solid films at the air/solution interface.3 The formation mechanisms
for these materials are currently not well understood, and the experiments reported here were
designed to investigate solution processes that are involved in formation of thin films at the
air/water interface. During a time-resolved reflectivity study on ID10B on the formation of
surfactant-templated silica films, the details of film formation were observed for the first
time. Instead of the expected reflectivity from domains that nucleated at the surface and
slowly grew to form a continuous film, we observed patterns that were more consistent with
a solution-driven formation mechanism. In the model proposed from these reflectivity
measurements, particles which eventually form part of the film, nucleate in the bulk solution,
during the induction period and grow to aggregates of more than 30 repeat units of the
channel system before diffusing to the interface where aggregation occurs.4 We therefore
carried out small angle X-ray scattering experiments in order to study the time-dependence of
the nucleation and growth of these particles in solution.
We were able, in the time available, to carry out experiments on the silica-surfactant
composite nucleation at three concentrations and two camera lengths, using 5 minute data
collection times. Two of these concentrations corresponded to conditions under which we
found solution-driven formation mechanisms for film growth in the reflectivity experiment
and in the third experiment we heated the solution to 40°C. In the first experiment we clearly
saw a correlation peak due to the presence of the surfactant micelles from the earliest pattern
taken 30 minutes after mixing of the silica precursor and the templating surfactant solution.

This broad peak grew in intensity with time, over the next 200 minutes but then started to
loose intensity. The diffraction peak corresponding to the first order peak from the ordered
hexagonal mesostructure observed in films grown from this synthesis solution started to
grow in at approximately 550 minutes and became sharper with time, although the second
order of diffraction was not observed. This is the first direct evidence for silica-surfactant
mesostructure formation in the bulk of the film forming solution. An early pattern and the
final pattern from this system are shown in Figure 1.
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Figure 1
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In the second solution, at a lower silica precursor concentration, the initial correlation
peak from the surfactant was less intense and broader, and it too gradually lost intensity,
although in this solution no diffraction peak was observed to grow in, despite the ordering
observed in films grown from solutions with this concentration. In the 40°C synthesis the
initial correlation peak from the surfactant micelles was less intense than that observed in the
room temperature preparation, however a broad peak at the diffraction peak position started
to grow in much faster than in the room temperature experiment. Interestingly this peak
remained much broader than the peak observed in the room temperature experiment,
implying that the degree of long range ordering at the higher temperature was lower than at
room temperature.
An initial attempt has been made to fit the scattering from the first room-temperature
data set to a dilute spherical core-shell particle composed of a surfactant micelle surrounded
by polymerising silica. This model fits the time-resolved data reasonably for the first 200
minutes of the experiment, however after this it is not possible to fit the data to this model,
indicating that at this point in the self-assembly process the shape of the micelle begins to
change or that intermicelle interactions become increasingly important to the shape of the
scattering. Attempts to fit the data to more complex models that incorporate changes with
time are continuing.
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