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INTRODUCTION

Fluorenylmethyloxycarbonyl-Diphenylalanine
(FMOC-FF)

BACKGROUND:
Fmoc-FF is a hydrophobic dipeptide molecule that belongs to specific class of
gelators of recent interest. These gelators are associated with aromatic short peptide
derivatives possessing an N-terminal Flouorenyl-9-methoxycarbonyl (Fmoc) group.
Fmoc-FF is considered a self-assembling peptide-based system that offers
possibilities in designing new materials with unique structural, mechanical and
biological properties. These properties are based on the molecular composition of
the compound and due to the numerous different structures in which these molecules
will assemble. Fmoc-FF is primarily used to form nanostructured hydrogels from
peptide solutions, offering numerous of potential applications in tissue engineering,
controlled drug delivery, cell culturing, nanofabrication, and biosensing.

EXPERIMENTS
SAMPLE PREPARATION – METHANOL GEL:

Methanol gel samples were made based on the desired volume fractions of the
solvent, water, and Fmoc-FF, as well as the total amount of solution. An excel
spreadsheet was used for these purposes. Once determined, the desired mass of
Fmoc-FF was measured. The desired volume of methanol was added and confirmed
on a mass basis. The solution was then heated to 40 ⁰C until the Fmoc-FF had
completely dissolved. Lastly, the water is added and the gelation process occurs quite
rapidly.

RESULTS
CONCLUSION:
After heating the Fmoc/Methanol solution, it was immediately loaded into the
rheometer cup and bob geometry configuration at 50 ⁰C. The desired amount of
water was added and the bob was lowered and measurements began. After
cooling down to 25 ⁰C, a constant strain of 0.5% was applied for one hour, followed
by a one minute strain of 30% to yield (break) the gel. This process was repeated
once more then concluded by a final one hour 0.5% strain. During the hour
durations, the elastic (storage) modulus continually grows to a plateau value. The
higher the G' means higher strength or mechanical rigidity or the stronger the gel.
The storage modulus is an indication of the hydrogel's ability to store deformation
energy in an elastic manner. This is directly related to the extent of cross-linking,
the higher the degree of cross-linking the greater the storage modulus.
Measurements were ran on gels with varying Fmoc-FF volume fractions while
keeping the methanol and water concentrations constant. The studies were to
examine if the amount of peptide used had an effect on the strength of the gel. It
was found that when the Fmoc-FF volume fraction was increased, there was also
an increase in gel strength. Volume fractions of 0.006, 0.008, and 0.010 were
tested with the 0.006 resulting in the smallest storage modulus values and the
0.010 samples resulting in the highest. This can be seen in the graph below.
A desired mechanical property in these peptide/solvent/water hydrogel systems is
mechanical reversibility. This indicates that they can be disrupted mechanically
and rebuild strength over time. This is an important property for injectable gels,
since ideally here the gel would recover quickly back to its original state after
flowing through a needle. For the 0.010 volume fraction sample, the gel was able
to recover 97-100% of its mechanical strength upon each break. The 0.008 sample
recovered 97% of its strength, and the 0.006 sample regained 93% of its strength
after the first break and 100% for consecutive breaks.

CALCULATING VOLUME FRACTION OF FMOC-FF:

HYDROGEL:
Low molecular weight gelator molecules, such as Fmoc-FF, suspended in a liquid
can form gels at very low mass fractions, usually less than two weight percent. This
is due to specific interactions that result in the formation of fibers that branch,
entangle and fill space, mainly stacking of beta-sheets through π-π stacking between
the Fmoc groups and hydrogen bonding. This ability to hydrogen bond due to the
hydrophobic nature of the Fmoc molecule is the main driving force of the gel
transition. Over longer times, the fibers continue to evolve with the overall network
becoming increasingly uniform. This restructuring of the network occurs through
redistribution of molecules by a dissolution and aggregation process that extends
and creates branches in fibers. These systems remain stable in their gelled state for
an indefinite period of time.

GELATION:
Gelation in these molecules has been studied two different ways:
1.) Dissolution of the peptide molecule in an aqueous solution at elevated pH and
then adjusting the pH of the solution by addition of glucono-d-lactone (GdL) or by
acid titration at elevated temperature, followed by cooling overnight.
2.) Dissolving the peptide in a solvent and triggering the gelation process by adding
water to the solution at room temperature, creating a three-component
(peptide/solvent/water) system.

SOLVENT CHOICE:
Specific solvent choice and concentration in these peptide/solvent/water systems is
of much importance. Variation of solvents produces differences in the microstructure
of the fiber network formed. These differences in structure can result in vastly
different mechanical and rheological properties. This ability to choose a desired
solvent to affect both the suitability for different applications as well as the gel
properties opens many doors. It has also been found that the solvent can be
removed post-gelation without significant impact on mechanical properties.
Essentially, any unwanted solvent can be removed and switched for the desired
application, increasing the biocompatibility of the hydrogel in biological systems.

RHEOLOGY:
The Anton Paar MCR 302 Rheometer was used for measurements. Rheology
measures the two components viscosity and elasticity. Viscosity is the resistance to
flow or thickness and elasticity is stickiness or structure. Measurements are often
performed to establish the elastic properties, such as gel strength and yield value,
both important parameters affecting particle carrying ability and spreadability.
Normally, these measurements consists of a strain or a stress analysis at a constant
frequency. Strain is the response of a system to an applied stress. These
measurements give information of the elastic (storage) modulus G' and the viscous
(loss) modulus G''. Large values of G ' in comparison of G '' indicate pronounced gel
properties.
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