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Introduction

The goal of this project is to find out whether structure direction by
simple organic molecules occurred to form mesoporous or other
structured silica during silicate mineral dissolution on the prebiotic
earth. When silicate minerals are subject to acidic aqueous
environments, a dissolution-reprecipitation reaction can take place
where the mineral is dissolved and (because of its low solubility),
aqueous silica is precipitated on the surface of the mineral as an
amorphous phase.

In this preliminary investigation, we are testing the dissolution-
reprecipitation mechanism and investigating the morphology of the
amorphous silica formed on a mineral surface.

‘We found that after subjecting a silicate mineral such as forsterite
(Mg,Si0,), to acidic conditions, amorphous silica forms, confirming the
dissolution of the mineral phase forsterite. Further investigations will be
required to demonstrate that this does proceed by a dissolution-
reprecipitation mechanism.

Bigger Picture

It is hypothesized that, in the prebiotic earth, simple organics acted as
surfactants to induce mesoporous silica formation[1]. These mesoporous
silica structures could then oligomerize or polymerize simpler organics
like amino acids into more complex organics like peptides or
polypeptides, which, in turn, can act as templates that produce more
silica[1]. We already know that similar mechanisms are being used in
industry today to catalyze important complex reactions. The processes
we use today on an industrial scale could have been utilized by nature in
the prebiotic earth to synthesize early complex organics, which would
have been essential to the formation of life.

Surfactants

Generally, surfactants have a hydrophilic head and a hydrophobic tail.
At a critical concentration, surfactants form micelles and micelle
aggregates with different shapes and sizes, as shown in water-surfactant
phase diagram of Figure 1[2].
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Figure 1. The formation of micellar structures in a binary surfactant water
system. Taken from D. Lombardo, Adv. Cond. Matter Phys, 1-22 (2015).

Schoolof
Molecular Sciences

Arizona State University

Mesoporous Silica

Mesoporous silicas (pore size 2-50 nm) are widely used as catalysts[3].
‘We investigate mesoporous silica because they are preferred over
microporous silica due to their high surface area-to-volume ratio, while
being preferred over microporous silica since mesoporous silica
provides enough volume in its pores to promote organic catalysis.

Mesoporous silicas can be formed via the pathway outlined in Figure 2.
This method, known as soft templating, uses the micelle aggregates to
template silica formation
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Figure 2. Schematic representation of MCM-41 silica formation via soft
templating

The pore walls of mesoporous silica can chemisorb organic molecules
forming covalent bonds between peptides and the inner surface walls of
mesoporous silica[4]. These amino acid-functionalized mesoporous silica
can then bind with other organics to form oligomers and polymers under
the right conditions[5].
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Figure 3. Depiction of amino-acid functionalized mesoporous silica synthesis which
can further catalyze organic oligomerization. G. Subra et al, J. Mater. Chem. 6321—
6326 (2011).

Silica dissolution

There were many silicate minerals in the prebiotic earth, many of which
were in acidic environments. We know that a dissolution-reprecipitation
reaction happens at the interface of the mineral and the liquid
environment, coating the silicate in an amorphous silica layer[6].
Presumably, then, silica spends some time in an aqueous state, where it
would have a chance to interact with the surfactants as mentioned
above. We know that there were many simple organics in the prebiotic
earth that could function as surfactants.

Figure 4. An image of forsterite crystal. Taken from
Wikipedia.

Materials and Methods

Forsterite (Mg:SiOs) was synthesized by grinding together
stoichiometric amounts of silica (SiO2) and magnesium oxide
(MgO) in a mortar and pestle. After thorough mixing, this
mixed powder was pressed into pellets using a hand press.
These pellets were then heated up to 1000°C in a muffle
furnace for 24 hours, after which they were allowed to cool
completely in air.

Two experiments were then performed:

Experiment I:

A forsterite pellet and an equal amount of ground-up forsterite
were placed in two Teflon containers containing an acidic
(HCI) solution at pH 1 After 5 days, the Teflon container
containing the pellet was decanted and the pellet was allowed
to dry in air. The container containing the powder was
centrifuged and washed three times with deionized water, then
left in a 100 °C oven to dry completely.

Experiment II:

The same process was repeated as in experiment 1 but with
more forsterite (2 pellets) and lower acidity (pH 2 solution).

Results and Conclusions

We used X-ray diffraction (XRD) to characterize the sample
after the acid treatment. The absence of diffraction peaks (Fig.
5) demonstrates the loss of crystallinity in the sample. This
suggests amorphous silica material.
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Figure 5. XRD characterization of forsterite powder that had
been subject to pH 1 conditions

Figure 6. A photo of the synthesized forsterite pellets.

Future Directions

The next steps will be to investigate the dissolution of silicates in the
presence of surfactants that may possibly be present in the prebiotic
carth. We think that the surfactants will be able to direct the formation
of mesoporous silica, these structures can then be examined, and their
catalytic properties will be explored. This will likely happen first by a
literature review to see what surfactants might have been present in the
prebiotic earth. Inspiration will be drawn from modern industrial
mesoporous silica synthesis, as we believe that the pathways used in
modern technologies may have already been utilized by nature eons
ago.
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