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The electrospinning is a well-established
nanofabrication technology which is based on the
uniaxial elongation of polymeric jets with suﬃcient molecular entanglements, in presence of an
intense electric field. It is a unique approach
to produce polymeric and composite nanofibers
with high throughput, which makes this method
interesting for applications at pre-industrial and
industrial scale. Realized fibers show diameters
ranging from a few tens of nm to micrometers,
depending on the process parameters, and the
length of the spun nanostructures can be remarkable (up to km for stable jets). Application
fields of so-realized nanofibers are various due to
the very high chemical versatility of this technology, and include optoelectronics, nanoelectronics,
microelectromechanical systems, development of
new scaﬀolds for tissue engineering, nanocomposites, filtration and catalysis. The ERC NANOJETS project (grant agreement number 306357)
ultimately targets the application of polymer
nanofibers in new photonic devices and lasers,
and the achievement of a better control in the fabrication process through a more in-depth understanding of the physical mechanisms involved in
electrospinning. Since its start-up phase, NANOJETS involved the Department of Mathematics and Physics E. De Giorgi at the University
of Salento and CNR-Istituto Nanoscienze in a
strongly synergic way.
In 2014, we implemented the real-time visualization of electrified jets by means of highspeed cameras, and developed wide, systematic
experimental campaigns on electrospinning by
various active materials. This investigation is
especially worthwhile, since while various enhanced physical properties are found in electrospun polymer nanofibers, there is still a lack of
data on the process-induced nanoscale organization of polymer macromolecules under very
high elongational strain. Electrospinning was
performed by placing polymer solutions into sy-

ringes tipped with stainless steel needles and
connected to a high voltage supply, and applying
a bias values in the range 5-30 kV, depending on
the specific process. High-precision micropumps
were used to supply a constant flow rates (e.g.,
mL/h). For many active compounds, we found
that uniform and bright fibers, both isolated
and in aligned arrays, can be obtained solution without degrading the pristine properties of
light-emitting organics and conjugated polymers.
Investigated systems included poly[2-methoxy5-(2-ethylhexyloxy)-1,4-phenylenevinylene] [1],
poly(methyl methacrylate) (PMMA) embedding a pseudorotaxane molecular complex [2],
poly(9,9-di-n-octylfluorenyl-2,7-diyl), poly[(9,9dioctylfluorenyl-2,7-diyl)-co-(N,N”-diphenyl)N,N”-di(p-butyl-phenyl)-1,4-diamino-benzene)]
[3], polyvinylidene-fluoride and poly(vinylidene
fluoride-co-trifluoroethylene) [4,5], and natural
biopolymers such as DNA, doped with lasing
dyes [6]. Nanofibers made of a few of these
systems, with various deposition densities and
degrees of mutual alignment, are shown in scanning electron microscopy (SEM) images in Figure
1.

Figure 1.

(a, b) SEM micrographs of PMMAbased electrospun nanofibers, in a random network
(a) and aligned in an array (b). Alignment during electrospinning is obtained by suitable rotating collectors. (c) Randomly oriented, piezoelectric
poly(vinylidenefluoride-co-trifluoroethylene) fibers.
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For many of these materials, the unique
stretching conditions undergone by polymer jets
during electrospinning were found to strongly affect the orientation of conjugated macromolecules
in the solid fibers, thus leading to significant properties of anisotropy (i.e., polarized light-emission,
enhanced piezoelectricity, etc.). Furthermore, the
specific morphology of nanofibers (i.e. cylinders,
ribbons etc.), their surface porosity and diameter,
as well as their emission spectra could be finely
controlled and tailored by the composition of electrospun solutions. An example of nanofibers spun
by a blue light-emitting conjugated polymer is
displayed in Figure 2. Here we imaged the emission from individual nanostructures through a microscope objective and a confocal system, measuring photoluminescence intensity by means of
a spectral detection unit equipped with a multianode photomultiplier. These micrographs also
make evident how electrospun conjugated polymer nanofibers can be used as miniaturized active
waveguides for visible light. A dedicated experimental eﬀort was also made in order to establish
general spectral analysis tools for lasing action
in semi-crystalline or disordered organic materials. For instance, light-emitting molecular crystals were found to exhibit simultaneous verticalcavity and random lasing properties, with anticorrelated emission peaks due to the competition
for gain in the active material [7]. In addition, an
originally unexpected but very intriguing research
line was focused on the piezoelectric properties of
electrospun nanofiber materials, which inherently
involves the synergy between molecular orientational and mechanical/morphological properties.
An extensive modelling of electrified jets was
performed by the NANO-JETS unit at CNRIAC. The eﬀects of noisy oscillation which can
be present at the spinneret and in the process
environment were simulated, and found to influence the electro-hydrodynamic bending instabilities. It was also found that the morphology of
electrospun spirals is related to the oscillation frequency and amplitude [8]. In parallel, an analytical, one-dimensional bead-spring model was developed in order to investigate the role of nonlinear rheology on the jet dynamics in the early
stage of the electrospinning process [9].
In the following, we list the publications generated by the project in 2014. NANO-JETS led to
a wide network of collaborations including other
Departments of Unisalento and CNR Institutes
(National Institute of Optics), the Universities
of Bologna, Braunschweig, Illinois at UrbanaChampaign, L’Aquila, Milan-Bicocca, New South

Wales-Sidney, Pisa, Technion-Israel Institute of
Technology, Vienna, and Wroclaw. In compliance
with the European Union guidelines and with the
ERC grant agreement, all the project foreground
publications are open-access online. Full versions
of publications can be retrieved at the publishers
websites, or in institutional repositories.

Figure 2. Fluorescence confocal micrograph of a mat
of blue light-emitting nanofibers. Scale bar = 100
micrometers. The used confocal system consists of
an inverted microscope, and a 408 nm cw excitation
laser source.
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