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PTAA to homogeneously integrate into the PLA polymers, result-
ing in the composite fibers embedded with PTAA forming an
electroactive pathway along the length of the fiber. Relatively long
fibers, using 5 wt%-PLA/PTAA solution and the modified process,
were deposited on n-doped Si/SiO, wafers and were electrically
conducting. PTAA provided the electrically conducting path in
these fibers while PLA provided mechanical stability. Qualitative
and quantitative PTAA analysis using absorption and fluorescence
spectra before and after nanofiber fabrication confirm the uni-
form incorporation of PTAA into the composite nanofibers. The
bandgap of PTAA exiracted from these spectra is also consistent
with reported values for this polymer. In addition, the spectra
show that a composite concentration near 5 wt%-PLA/PTAA has a
maximum probability of having continuous PTAA chains in
contact with each other within the fiber to register a finite current.
This is also consistent with the observation of an abundance of
fiber production at this concentration compared to the other
composite concentrations studied in this work.

To take advantage of the conducting composite nanofibers,
a proof-of-concept device as an active p—n junction diode was
fabricated. The diode had a turn-on voltage of 0.6 V, an ideality
parameter of 2.1, and a rectification ratio of 800. The same
diode was also used to rectify an AC signal with a rectification
efficiency of 15%. A normal commercial diode based on Silicon
is around 40.5%, suggesting that the proposed composite fiber
diode shows relatively good efficiency. Biodegradability and
biocompatibility, combined with the electroactive properties of
these fibers, make them an excellent alternative for use in
medical implants and healthcare devices.

Experimental

Materials

PLA and PTAA were purchased from Millipore Sigma and used as
received. The PLA purchased is an electrically insulating granular
white powder with a molecular weight of 60 000 g mol™*. On the
other hand, PTAA is a powdered p-type semiconducting polymer
that is air-stable, with molecular weight in the range 7000-
10000 g mol~". Both polymers are soluble in CHCl;, which has
a low boiling point that is well suited for use in the electrospin-
ning process.

Fibers preparation

In this study, composite nanofibers of PLA/PTAA were fabri-
cated with low PLA concentrations using the electrospinning
technique. PTAA was chosen since it lowered the PLA concen-
tration needed for fiber preparation to less than 10 wt% by
introducing charge into the composite solution and therefore
decreasing the surface tension, promoting fiber formation.
In addition, at 5 wt%-PLA/PTAA, the composite fibers were
conducting and could be used in electronic devices. Two
experimental methods were compared to prepared fibers. In
method 1 the composite polymer solutions were prepared by
combining two solutions in the following manner: In part A,
solutions of 1, 3, 5, and 7 wt% of PLA dissolved in CHCl; were
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prepared in 4 separate vials labeled as 1-A, 3-A, 5-A and 7-A
respectively. Part B consisted of just one vial containing a
solution of 2 wt% of PTAA in CHCl;. To make a composite
solution labeled as X wt%-PLA/PTAA where X was 1, 3, 5, or 7,
the following procedure was used: 0.85 g of Part X-A (vial
containing X wt%-PLA/CHCI;) was mixed with 0.11 g of Part B
(2 wt% PTAA/CHCl;). Each solution was thoroughly stirred
under dark conditions and used in the electrospinning appa-
ratus for fiber fabrication as quickly as possible. Details of the
electrospinning apparatus and technique where the spun fibers
are captured on a grounded cathode (Al foil) have been pub-
lished before.”*” In this work, the voltage applied to the syringe
was 15 kV, and the needle tip/cathode separation was 15 cm.
The mole ratio PLA/PTAA was calculated to be 0.6, 1.6, 2.7, and
3.8 for the 1, 3, 5, and 7 wt%-PLA/PTAA samples, respectively.
The mass ratio PLA/PTAA was calculated to be 4, 12, 19, and 27,
respectively. The PLA wt% was calculated to be 0.9, 3, 4, and 6
for the 1 wt%-PLA/PTAA, 3 wt%-PLA/PTAA, 5 wt%-PLA/PTAA,
and 7 wt%-PLA/PTAA respectively, while PTAA wt% was calcu-
lated to be 0.23 after mixing Parts A and B.

In method 2, the composite solution was prepared as in
method 1, the placed on a hot plate at 70 °C, and 0.50 g of the
solvent was slowly evaporated in dark conditions under con-
stant stirring, without allowing for any polymer precipitation.
The solution viscosity increases while maintaining PTAA homo-
genously blended, and subsequent electrospinning produces
long fibers. After evaporation, the corresponding mole ratio
and the mass ratio PLA/PTAA remains constant. However, the
PLA wt% was 1.9, 5.7, 9.4, and 13.2, for the 1, 3, 5, and 7 wt%
Part A, respectively, and PTAA wt% was 0.49 after evaporation.
Electrical measurements showed that the 5 wt%-PLA/PTAA
fibers prepared via method 2 were electrically conducting, while
those of 7 wt%-PLA/PTAA did not conduct due to high PLA
concentration in the composite fibers. The conducting fibers
were first tested to verify Ohmic contacts with external Au
electrodes and then used to fabricate a functional p-n junction
diode using an n-Si substrate.

Electrical measurements

A Keithley 6517B electrometer was used for electronic measure-
ments. An SRS DS335 function generator was used to supply an
AC signal rectified using the diode and captured on a Tektronix
digital storage oscilloscope. All electrical measurements were
carried out in air at room temperature (295 K).

Imaging and spectroscopic measurements

A JEOL Model JSM-IT100 Scanning Electron Microscope (SEM)
was used to image the morphology of the fibers. The UV-Vis
absorption spectra were obtained on an Agilent 8453 spectro-
photometerwith a 1.0 cm path-length cell. The spectra were
measured in the 200-1100 nm range, and appropriate back-
grounds were collected. A Varian Cary Eclipse spectrofluorom-
eter was used for emission spectra, exciting at 350 nm and
scanning between 360 and 600 nm with 0.2 s nm™" integration
time. Samples were measured in a 1 cm® quartz cell.
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