SEM micrographs of square cross sectional PVDF nanoshells

Figure S2. SEM micrographs of PVDF nanoshells produced as a result of two iterative fiber drawing
processes. (a) Photograph of meters-long as-drawn square cross sectional fiber. (b) The first step
fiber drawing results in a single square cross sectional microshell in a fiber. Thickness of the PVDF
shell is below 10 um. (c) First step microshells after their Polycarbonate (PC) cladding was etched
by using DCM. (d-e) The second step fiber drawing results in nanoshells having rounded square

cross sectional shape. (f) High density packing of chemically extracted PVDF nanoshells.
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Finite element simulation results for process of all-polymer fiber drawing
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Figure S3. Results of the finite element simulation for the process of all-polymer fiber drawing. (a)
The stress distribution in the preform drawn by a 3 MPa tensile stress. (b) Demonstrating the shear
stress distribution which triggers y phase transition in PVDF nanoribbons at high temperatures.
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Fiber drawing tower for the iterative size reduction method
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Figure S4. A custom made fiber tower, which is used to produce nanoribbon embedded fibers,
consists of a preform feeding mechanism, furnace, thickness monitoring system, tension

measurement unit, and a capstan.
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SEM images of PVDF nanoribbons after liquid nitrogen treatment

m
o

Figure S5. (a) Cross sectional SEM images of the second step nanoribbons embedded in PES fiber
prepared by breaking just after liquid nitrogen cooling. (b) PVDF nanoribbons are extracted out of
the PES cladding due to uniaxial pulling force for breaking the fiber. (c) A preferential buckling is
observed due to the rectangular cross sectional shape of the nanoribbons. (d) A closer look at the

PVDF nanoribbons proves that ribbon shape is perfectly preserved.
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Size distribution of nanoribbon width
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Figure S6. Mean of size distribution in nanoribbon width is calculated from SEM images as <w> =

309 nm. Standard deviation of size distribution is ¢ = 35 nm. Standard deviation normalized with
respect to the meanis o/ <w> =11 %.
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Ab-initio calculations for modelling y phase transformation in fiber drawing
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Figure S7. Ab-initio calculations reveals that, with the compressive strain in axial direction, alpha
and beta PVDF transforms into gamma PVDF both for 0K and 470 °K. The required compression for
the transformation from alpha to gamma at OK is 10.8% and from beta to gamma is 13.4%. The

required compression decreases to 3% and 8% at 470 °K.
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Temperature distribution in the furnace
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Figure S8. Finite element simulation of the temperature distribution in the furnace. The height of the

heating zone is 2.5 mm and the temperature of the PVDF in the core is around 470 °K.
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Ab initio simulation results for higher temperature
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Figure S9. Ab initio calculations for explaining phase transformation at higher temperatures.
Increasing the temperature decreases the required strain for phase transformation accordingly. (a)
Transition from a (yellow circle) to y phase (blue triangle), (b) transition from B (red square) to y

phase with compressive strain and (c) transition from a to  phase with tensile strain.
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Experimental setup for piezoelectric characterization of PVDF nanoribbons
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Figure S10. Experimental setup for piezoelectric characterization of the PVDF nanoribbons.
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Finite element simulations for AFM tip contact indentation
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Figure S11. COMSOL Multiphysics simulation for understanding the characteristic of the
displacement induced via tip indentation. In model design, AFM tip assumed a sphere (D=10 nm)
and the temperature kept constant at 295 K. In order to make a mechanical contact on the surface
of the PVDF nanoribbons, we set the AFM control loon on and apply a —60 nN which generate

maximum 0.3 nm elastic deformation on the top of the nanoribbons.
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Finite element simulations for joule heating
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Figure S12. COMSOL Multiphysics simulation for understanding Joule Heating phenomena in 80
nm thick PVDF nanoribbons. In model design, AFM tip assumed a sphere (D=10 nm) and the
temperature kept constant at 295 °K. (a) Electric potential distribution between conductive AFM tip
with a 30 V applied voltage and grounded surface. (b) Since Joule Heating proportional to i?R (i is
the current traveling between electrodes, R is the resistance), there is no temperature change

observed in nanoribbons as a function of electric field.
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Fabrication process of the device produced using nanoribbons

Shadow Mask

Figure S13. Design of the device using PVDF nanoribbons.50 nm gold is sputtered using a shadow
mask on the surface of a PVDF nanoribbon layer which is extracted out of the PES cladding in a
DCM solution.
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Impedance measurement of the piezoelectric devices
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Figure S14. Impedance measurement of the piezoelectric devices modeled as a parallel R-C circuit
in order to determine internal capacitance and resistance of (a) the device produced using
microribbons and (b) the device produced using nanoribbons. Experimental results data are perfectly

fitted with simulation.

Kanik, Bayindir, et al. | Spontaneous high piezoelectricity in PVDF nanoribbons 22/24



Measurement of electrical output of the piezoelectric devices
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Figure $15. Voltage and current outputs of the devices are tested under quasi-periodic tapping

forces. Output intensity is related to the applied tapping force magnitude and frequency. (a) The
device produced with 50 ym thick microribbons has an output current up to 3 yA and (b) voltage up
to 7 V. (c) The device produced with 300 nm thick nanoribbons has an output current up to 10 pA

and (d) voltage up to 60 V.
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Confirmation of piezoelectric effect of the devices
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Figure S16. We produced a device with identical structure using non-piezoelectric amorphous

As;Ses nanowires instead of PVDF nanoribbons in order to confirm that the measured peaks are

result of a piezoelectric response.
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