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from Sigma-Aldrich (Denmark). All
materials were used as obtained.
PLGA was dissolved in DMF-THF
(50:50, v:v) at concentrations of 15% and
30% (w/v), respectively, at room
temperature.
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was 10 µL/min. The voltage was adjusted to
get a stable cone-jet.

Oscillatory strain sweep tests provide
useful information on the storage and loss
moduli of PLGA solutions in response to the
applied shear strain. From the collected data
the linear viscoelastic region can be
identified and used to conduct dynamic
oscillatory frequency sweep tests in the
solutions. The results demonstrated a
concentration dependent loss modulus (Fig.
2), which is independent of strain, with the
loss modulus increasing approximately 1
order of magnitude for PLGA concentration
increasing from 15% to 30%. The linear
viscoelastic region of the polymer solutions
was between 0.1 to 50% strain.

Figure 1. Schematic illustration of a typical
electrospinning setup.
The viscoelastic properties of different
concentrations of PLGA solutions were
investigated using the DHR-3 Rheometer
(TA instruments, USA). All samples were
analysed on DHR-3 using the cone plate
geometry (diameter = 40 mm, 1 degree) at
10°C, using solvent trap to create a
thermally stable vapour barrier, eliminating
solvent loss during rheological experiments.
Oscillatory amplitude sweep tests were
conducted with strain between 0.01 and
1000% to determine the linear viscoelastic
region of each solution. Subsequently,
oscillatory
frequency
sweeps
were
performed at torque of 1.0 µN·m
and
angular frequencies between 0.1 to 100
rad/s. The viscosities of solutions under
shear rate were investigated through a
logarithmic steady shear rate increase from
0.1 to 1000 s−1.
RESULTS AND DISCUSSION
Rheological characterization of PLGA in
DMF:THF=50:50
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Figure 2. Oscillatory strain sweep of PLGA
solutions at different concentrations.

Figure 3. Shear viscosity of PLGA solutions
at different concentrations.
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increased to 30 wt%, the number of
entanglements
and
intermolecular
interactions increased, the polymer solution
viscosity increased, thereby facilitating the
formation of defect-free fibers.

delivery and pharmaceutical applications",
Biomatter, 3, e24281
2. N. Bhardwaj and S. C. Kundu, (2010),
"Electrospinning: a fascinating fiber
fabrication technique", Biotechnol Adv, 28,
325-47
3. X. Zhu, W. Cui, X. Li and Y. Jin, (2008),
"Electrospun fibrous mats with high
porosity as potential scaffolds for skin tissue
engineering", Biomacromolecules, 9, 17951801

Figure 5. SEM results of electrospun fibers
at different concentrations. A: 15 wt%; B:
30 wt%

4. D. H. Reneker and A. L. Yarin, (2008),
"Electrospinning
jets
and
polymer
nanofibers", Polymer, 49, 2387-2425

For the same PLGA polymer, under all
the same conditions, the morphology of the
produced samples was dependent on the
viscoelastic properties of the solution. The
morphology was changed from mixture of
droplets and nanofibers to uniform, defect
free fibers when viscosity of polymer
solution increased.

5. H. K. Makadia and S. J. Siegel, (2011),
"Poly Lactic-co-Glycolic Acid (PLGA) as
Biodegradable Controlled Drug Delivery
Carrier", Polymers, 3, 1377-1397

CONCLUSION
Electrospinnability of a polymer solution
is dependent on viscoelastic properties, and
sufficient viscosity, which means enough
molecular entanglements and interactions
within the solution, is prerequisite for
electrospinning.
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