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Supplementary Figure 1. Synthetic route of azo-tz-PEDOT:PSS. Synthesis of N3-EDOT (2) and azo-alkyne (6)
monomers??; electrodeposition of N3-PEDOT:PSS (7) on an ITO substrate and post-functionalization of the
electrodeposited PEDOT film through click chemistry. To obtain N3-PEDOT:PSS, a monomer precursor, N3s-EDOT
(2), was synthesized as shown in the Methods!. Ns-EDOT (2) was then electropolymerized by cyclic voltammetry
(CV) on conductive ITO-coated glass. The electropolymerized N3-PEDOT film was post-functionalized via Cu(l)-
catalyzed azide-alkyne Huisgen [3+2] cycloaddition in the presence of azo-alkyne (6) (Methods) following a reported
procedure to obtain azo-tz-PEDOT:PSS®.
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Supplementary Figure 2. Ns-PEDOT:PSS electropolymerization by cyclic voltammetry. CV curves obtained
during the electropolymerization from a N3-EDOT aqueous dispersion. N3-EDOT was electropolymerized by cyclic
voltammetry (CV) in the potential range between 0 V and 1.5 V using a three-electrode setup consisting of an ITO
electrode (working electrode, WE), a platinum wire (counter electrode, CE), and an Ag/AgCI electrode (reference
electrode, RE) (Methods). The voltammograms obtained during the electrodeposition of the EDOT-N3; monomer,
reported in Figure 2, show a rapid film growth process. During the first cycle, the anodic current density of N3-EDOT
starts to rapidly increase from 0 A to 1.1 x10° A. Here, continuous increases in the cathodic and anodic currents over
the CV cycles were observed, indicating successful electrodeposition of the conductive polymer on the WE, allowing
us to obtain a homogeneous polymeric film of N3-PEDOT:PSS in a single-step reaction®.
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Supplementary Figure 3. *H NMR spectrum of N3-EDOT. *H NMR spectrum in CDCl; (400 MHz) of N3-EDOT
(2). *H NMR (CDCls, 400 MHz, H, ppm): 3.56 (ddd, 2H, -CH,-N3); 4.07, 4.21 (dd, 2H, -O-CH>), 4.35 (m, 1H, -O-
CH), 6.40 (dd, 2H, -S=CH). The *H NMR spectrum of N3-EDOT (2) showed a diagnostic signal at 3.56 ppm, attributed
to the hydrogens of the methylene linked to the azide functionality (—-CH>—Ns), while two signals at 4.07 ppm and 4.21
ppm were attributed to the hydrogens of methylene linked to the oxygen (—O-CH,). Two other characteristic peaks
were observed at 4.35 ppm and 6.40 ppm, attributed to the hydrogen in the —O—CH region and to the hydrogen near

the sulfur atom (~S=CH) in the thiophene ring, respectively. All signals observed for (2) agree with the literature data?.
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Supplementary Figure 4. *H NMR spectrum of azo-alkyne. *H NMR spectrum in CDCl; (400 MHz) of azo-alkyne
(6) *H NMR (CDCls, 400 MHz, 8H, ppm): 7.94 (m, 2H, H-2), 7.89 (dt, 2H, H-2"), 7.54-7.42 (m, 3H, H-3', H-4), 7.12
(m, 2H, H-3), 4.78 (d, 2H, CHy), 2.57 (t, 1H, H-C=C-). The 'H NMR spectrum of (6) showed two diagnostic signals
at 4.78 ppm and at 2.57 ppm attributed to the hydrogens of the methylene —CH,— and to the hydrogen linked to the

terminal alkyne (H-C=C-), respectively. All signals observed for (6) agree with the literature data®.
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Supplementary Figure 5. FTIR-ATR spectra of precursors. a) FTIR-ATR spectrum of N3-EDOT (2, red solid line)
compared with CI-EDOT (1, black solid line). b) FTIR-ATR spectrum of the azo-alkyne (6, red solid line) compared
to 4-(phenylazo)phenol (4, black solid line). The comparison between the FTIR-ATR spectra of the CI-EDOT
precursor (1) (black solid line) and N3-EDOT (2) (red dashed line) shows the appearance of a sharp diagnostic peak
at 2100 cm™ in the spectrum of (2) corresponding to the azide stretching vibration band and confirming the conversion

of product (1) into (2). The reported spectra agree with the literature’*. The FTIR-ATR spectra of the 4-
(phenylazo)phenol precursor (4) (black solid line) with the azo-alkyne (6) (red dashed line) show the presence of two

peaks at 3266 cm™ and 2129 cm™ which correspond to the -C-H stretching of the terminal alkyne and the —-C=C—

stretching, respectively. Moreover, the absence of the broad signal at 3000 cm%, corresponding to the -OH stretching

vibration band of (4), further confirmed the success of the reaction. These results are in accordance with those reported

in the literature3.
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Supplementary Figure 6. Comparison of FTIR-ATR spectra of polymers. FTIR-ATR spectra of PEDOT (blue
solid line), N3-PEDOT:PSS (black solid line), and azo-tz-PEDOT:PSS (red solid line). From the comparison of the
FTIR-ATR spectra of PEDOT:PSS (blue solid line), N3-PEDOT:PSS (black solid line) and azo-tz-PEDOT:PSS (red
solid line), a decrease in the azide stretching vibration band at 2097 cm™* was observed, confirming the conversion of
the azide functionality into the triazole ring. However, the azide band did not completely disappear, suggesting partial
post-functionalization.
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Supplementary Figure 7. XPS analysis of bare PEDOT:PSS. XPS a) survey spectrum of PEDOT:PSS and b) S 2p
core level spectrum of PEDOT:PSS. The surface elemental composition of the bare PEDOT:PSS electrodeposited
film and the amount of entrapped PSS during electrochemical polymerization were investigated through XPS analysis.
A preliminary analysis was performed, acquiring a survey spectrum of the bare PEDOT:PSS showing all characteristic
peaks of the atoms present in the polymer structure: O 1s (24,4%), C 1s (60,8%), and S 2p (4,80%). These results are
in agreement with those reported in the literature®. To evaluate the amount of entrapped PSS- during electrochemical
polymerization, two different oxidation states of sulfur atoms (S 2p) were evaluated through the acquisition of XPS
spectra in high-resolution mode (core level spectra). A doublet peak at 164.0 eV and 165.1 eV corresponding to the
sulfur atom peaks contained in the thiophene ring of the PEDOT backbone was observed®. Moreover, an additional
doublet peak was noted at 168.0 eV and 169.0 eV, which corresponds to the sulfur atoms present in the PSS moieties
entrapped in the polymer filmé. By considering the peak areas, the PEDOT/PSS ratio was calculated to be 1:2.25, as

also previously shown’.
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Supplementary Figure 8. XPS analysis of N3-PEDOT:PSS and azo-tz-PEDOT:PSS. a) XPS survey spectrum of
electrodeposited N3-PEDOT:PSS on ITO; b) XPS survey spectrum of electrodeposited azo-tz-PEDOT:PSS films on
ITO; c) XPS core level spectra in the S 2p region N3-PEDOT:PSS; d) XPS core level spectra of the S 2p azo-tz-
PEDOT:PSS; e) XPS core level spectra in the N 1s region of N3-PEDOT:PSS; f) XPS core level spectra in the N 1s
region of azo-tz-PEDOT:PSS. The surface elemental composition of N3-PEDOT:PSS was investigated, acquiring XPS
survey spectra showing all-characteristic peaks of the atoms present in the polymer structure: O 1s (20.8%), C 1s
(62.0%), S 2p (3.04%) N 1s (3.22%) and a PEDOT/PSS ratio of 1:2.01. All data are in agreement with those found in
the literature for bare PEDOT:PSS8. The same analysis carried out on azo-tz-PEDOT:PSS showed comparable results
in terms of characteristic peaks and percentages of atoms: O 1s (18.8%), C 1s (66.7%), S 2p (2.73%) and N 1s (5.07%).
Even in this case, the calculated PEDOT/PSS ratio was 1:1.81, in agreement with those reported for both bare
PEDOT:PSS and N3-PEDOT:PSS. Such a result indicates that post functionalization does not affect the PEDOT:PSS
backbone. Moreover, to determine changes in the oxidation of nitrogen atoms (N 1s) and thus the successful
conversion of -Ns into a triazole ring, high-resolution spectra of nitrogen were acquired. The core level spectra in the
N 1s region of N3-PEDOT:PSS show the presence of two peaks at 404.3 eV and 400.6 eV corresponding to the

8



electron-deficient nitrogen (-N=N=N) and to the two partially negatively charged nitrogen atoms (-N=N=N) of the -
N3 group. All data agree with those reported in the literature®. Both peaks decrease dramatically in the core level
spectra of azo-tz-PEDOT:PSS, confirming the disappearance of the -N3 group after the functionalization reaction.
Moreover, a broadening of the peak at 400.6 eV was perfectly fitted by the tabulated peaks of the triazole ring (400.7
eV and 401.7 eV), as reported in the literature®.
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Supplementary Figure 9. Morphology characterization through acquisition of AFM and SEM. AFM images of
a) PEDOT:PSS, b) N3s-PEDOT:PSS and c) azo-tz-PEDOT:PSS films. SEM images of d) PEDOT:PSS, e) Ns-
PEDOT:PSS and f) azo-tz-PEDOT:PSS films. The morphologies of electrodeposited PEDOT:PSS, N3-PEDOT:PSS
and azo-tz-PEDOT:PSS films were characterized through atomic force microscopy (AFM) and scanning electron
microscopy (SEM). The AFM analysis of bare PEDOT:PSS and N3-PEDOT:PSS shows a globular surface with PSS
(dark regions) and PEDOT domains (bright regions) randomly distributed in the polymer matrix, in good agreement
with the literature data®. The AFM image of azo-tz-PEDOT:PSS does not show significant differences in the
topography of the film. Here, PEDOT:PSS, N3-PEDOT:PSS and azo-tz-PEDOT:PSS have a mean RMS roughness of
15.7+2.0nm, 10.7 + 2.0 nm and 10.5 + 3.1 nm, respectively (N = 3).

Additionally, SEM images of the azo-tz-PEDOT:PSS show a smooth morphology (N = 3) similar to the Ns-
PEDOT:PSS precursor and PEDOT:PSS, suggesting that the ‘click’ reaction only introduces a limited smoothening
of the surface.

10
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Supplementary Figure 10. UV-visible spectra of PEDOT:PSS. UV-visible spectra of PEDOT:PSS acquired before

(blue dashed line) and after (pink dashed line) 5 min of UV irradiation (A = 365 nm, 6 W). The spectra show no
absorption change after light stimulation.
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Supplementary Figure 11. UV-visible spectra of azo-tz-PEDOT:PSS. a) UV-visible spectra of azo-tz-PEDOT:PSS
acquired before and after 5 minutes of UV irradiation (A = 365 nm, 6 W) and after 10 minutes of heating at T = 80°C.

b) UV-visible spectra of azo-tz-PEDOT:PSS acquired before and after 5 minutes of UV irradiation (A = 365 nm, 6
W) and after 5 minutes of blue light (A = 445 nm, 440 mW) irradiation. After UV light stimulation to induce the trans-

cis photoisomerization of the azobenzenes, cis-trans reverse photoisomerization was considered. Both thermal

treatment (T = 80°C) and blue light stimulation (A = 445 nm, 440 mW) were tested, showing complete recovery of the

trans isomer after 10 minutes of stimulation. However, by the acquisition of UV spectra at different time points, a

different kinetic recovery was observed. When blue light was used, an almost complete recovery of the trans isomer

immediately after 1 minutes was observed. On the other hand, when the reverse isomerization was thermally promoted,

a more gradual recovery was noted.

12
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Supplementary Figure 12. EIS fitting and equivalent circuits. Nyquist plots with fitted data (blue lines) of a)
PEDOT:PSS and b) azo-tz-PEDOT:PSS. Equivalent circuit obtained by fitted data of ¢) PEDOT:PSS and d) azo-tz-
PEDOT:PSS. Electrochemical impedance spectroscopy (EIS) analysis of azo-tz-PEDOT:PSS was carried out. Bare
PEDOT:PSS and azo-tz-PEDOT:PSS were characterized by two different equivalent circuits. Bare PEDOT:PSS
behavior was described and fit through a series of resistance and capacitance!?. The former considers contact and
electrolyte resistance, while the latter represents the film capacitance. Despite its simplicity, this model can adequately
fit the measurements describing the switch between the high-frequency resistive behavior and the low-frequency
capacitive-dominated behavior. Furthermore, a constant phase element (CPE) was used instead of an ideal capacitance
to include all the non-idealities typical of conductive polymer thin films!. In contrast, azo-tz-PEDOT:PSS low-
frequency data can be fitted using a semicircular shape representing the charge transfer and the barrier properties of
the surface®?. Resistance and capacitance (CPE) connected in parallel, commonly used to model physical and chemical
surface coatings'®4, were added to the previously shown circuit. These new circuital elements model the leaky barrier
behavior in which the capacitance describes the accumulation of ions at the interface, while the charge transfer

resistance reflects the charge transfer at the conductive polymer/electrolyte interface.

13
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Supplementary Figure 13. OPECT fabrication process. A) N3-PEDOT:PSS electrodeposition (blue square), B)

isolation of ITO square electrodes with Kapton tape, C) functionalization of the polymer with azo-alkyne to give azo-
tz-PEDOT:PSS (violet square), D) coverage of the azo-tz-PEDOT:PSS film with a rectangular PDMS mask (gray)
and O plasma activation, E) spin coating of PEDOT:PSS solution, F) isolation of the desired part of SPEDOT:PSS
corresponding to the OPECT channel G) O plasma etching to afford the desired dimension and geometry of
SPEDOT:PSS channel. The fabrication of the OPECT bearing the azo-tz-PEDOT:PSS as a planar gate involved 7
steps. Patterned ITO substrates were previously cleaned in an ultrasonic bath for 10 minutes in each of the following
solvents: Alconox® detergent solution, DI water, acetone, and 2-propanol. Then, Ns;-PEDOT:PSS was
electrodeposited on the upper part of the ITO-coated glass and functionalized following the previously described click
chemistry reaction procedure (Methods), insulating first the bottom part of ITO with Kapton tape. The azo-tz-
PEDOT:PSS gate was then covered with a PDMS mask, and the bottom part of the ITO was activated through O,
plasma treatment (20 W, 2 minutes) to allow spin coating of the PEDOT:PSS (sPEDOT:PSS) channel. The
SPEDOT:PSS layer was then O, plasma etched (100 W, 15 minutes) through a PDMS hard mask to obtain the desired
channel geometry and dimension.

14
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Supplementary Figure 14. ITO substrate Layout. Customized patterned 1TO-coated glass used for the fabrication
of the azo-OPECT.

15



Led source

illuminated area
20 mm?

electric contact

electric contact

a\eo\f\c

Supplementary Figure 15. Schematics of the optoelectronic measurement setup. Setup used for OPECT

measurements under light conditions.
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Supplementary Figure 16. Structural models of cis azo-tz, trans azo-tz, and PEDOT building blocks. The C-N-
N-C dihedral values, o, are shown to highlight the cis and trans conformers. TDDFT-derived electron transitions are
reported in the bottom panel with related details on the wavelength values, oscillator strengths and the type of orbitals
involved. The structural models for the azo-tz-PEDOT systems consist of two building blocks, the azobenzene-triazine
(azo-tz) moiety and the poly(3,4-ethylenedioxythiophene) (PEDOT) moiety. The former was considered in both the
cis and trans conformations (i.e., along the C-N-N-C dihedral, that is, the N=N bond in the azobenzene), while the
latter is made of 5 monomers. The cis-trans energy difference computed at the B3LYP/6-31G(d,p) level of theory is
DE cis-trans) = 0.691 eV (15.936 kcal/mol). By deriving the electron transitions for each structure, we could validate our

method and confirm the reliability of our model (Results and Discussion, Figure 1c for comparison).
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Supplementary Figure 17. Ground-state structures of cis and trans azo-tz-PEDOT systems. Ground-state
structures of cis and trans azo-tz-PEDOT systems obtained at the B3LYP/6-31G(d,p) level of theory obtained at the
B3LYP/6-31G(d,p) level of theory. Bis(azo-tz)-PEDOT was also considered to model higher coverage.

The azo-tz-PEDOT systems were modeled by considering either a mono- or a bi-substitution of the azo-tz moiety on
the PEDOT backbone. The former was labeled bis(azo-tz-PEDOT) and requires a longer 7-monomer PEDOT chain.
Nevertheless, cis and trans conformers were considered, and the related energy difference was not altered (~ 0.68-
0.69 eV), suggesting that the linkage to the PEDOT backbone does not affect the conformational freedom along the

azobenzene chain.

18



cis azo-tz-PEDOT trans azo-tz-PEDOT

Amax = 486 nm

f=0.061

HOMO., LUMO HOMO ¢ LUMO

HOMO LUMO,, HOMO LUMO,,

Supplementary Figure 18. Electron transitions computed with TDDFT calculations. Electron transitions
computed with TDDFT calculations for (from left to right) cis and trans (from top to bottom) mono- and bis(azo-tz)-
PEDOT systems. The optical properties of cis/trans mono/bis azo-tz-PEDOT were determined from TDDFT
calculations. The vertical excitations, together with wavelengths and oscillator strengths, while the involved orbitals
are depicted on the chemical structure. Here, both mono- and bi-substituted models can reproduce the typical transition
at ~ 348 nm owing to trans azobenzene, as well as the less intense excitation at ~ 485 nm on account of the cis

conformer.
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Supplementary Figure 19. Energy levels of trans and cis azo-tz-PEDOT. Energy levels of trans (left) and cis
(right) azo-tz-PEDOT obtained from DFT-TDDFT calculations: HOMO/LUMO orbitals from azobenzene and
PEDOT moieties are highlighted in pink and blue, respectively. The values are reported in electronvolts.
Corresponding density surfaces plotted on the minimum-energy structures are also displayed to the side (isosurface
level 0.01 eV/A3). The energy levels alignment obtained for the cis and trans conformers of azo-tz-PEDOT systems
is similar, suggesting that the conformational orientation of azobenzene does not alter the underlying energetics; thus,
trans-cis isomerization is not expected to be a key process in the whole charge transfer process. From the results
emerges that MO energies and localizations for cis and trans isomers are both suitable for direct injection for a
photoexcited electron from the LUMO level of the azobenzenes to the HOMO level of PEDOT. This means that even
considering a not complete conversion from trans/cis isomer at the gate, the energy diagram of frontier orbitals is not

qualitatively affected by the different isomer conformations.
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Supplementary Figure 20. Calculation of the accumulated charge on azo-tz-PEDOT:PSS gate electrode. a)
Schematics of the calculation of gate charge by integration of the gate current (lg) over time during UV irradiation of
the azo-tz-PEDOT:PSS planar gate. Gray shaded portions are related to the integrated area; b) graph of normalized
gate charge vs pulse number. The pulsed measurements with UV light stimulation were performed by fixing the Vs
and the Vgat -200 mV and 0 mV, respectively, and by exposing the gate electrode to 60 seconds in the dark and 60
seconds of the highest intensity of UV light (A = 365 nm, 2.8 W/cm?). When the light stimulus was applied, a rapid
decrease in lgs was observed, which underwent a rapid increase when the stimulus was removed, suggesting the
accumulation of charge on the gate electrode surface. Thus, the amount of gathered charge was calculated by
integrating the gate current during the illumination time for each light pulse and then normalized with respect to the
illumination time. The accumulated charge on the gate electrode was calculated and found to be constant for the first
three pulses (Numerical Values: 0.054 £ 0.023 pC/s, 0.044 + 0.036 uC/s and 0.042 £ 0.042 uC/s, N = 5). Additionally,
the accumulated charge was calculated only for the first pulse (t = 60 s, A = 365 nm) while varying the light intensity
(20% = 0.56 W/cm?, 60% = 1.7 W/cm?, 100% = 2.8 W/cm?). The results showed a considerable increase in the charge
accumulation from 0.56 W/cm? to 1.7 W/cm? (Numerical Values: 0.020 + 0.012 pC/s and 0.058 + 0.040 uC/s,
respectively; N = 3), which stabilizes with increasing light intensity up to 2.8 W/cm? (Numerical Value: 0.051 + 0.022
MC/s; N = 3). This result confirms that the current variation was mainly dominated by the photoinduced charge transfer
mechanism, which was proportional to the light intensity (Results and Discussion, Figure 2d).
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Supplementary Figure 21. Operation of the azo-OPECT by applying square voltage pulses under UV-light. a)
Square voltage pulsed input applied at the gate electrode (blue solid line), showing the pulse amplitude (A or V),
duration of the pulse (PW) and delay between pulses (At); b) graph of the channel current recorded during the
measurement: when the gate electrode was exposed to UV light (yellow box), the conductance of the device largely
increased after 6 minutes of illumination; after turning the UV lamp off, the conductance slowly decreased in the dark
for 3 minutes; ¢) channel current response recorded after the application of a voltage pulsed input (red solid line); d)
graph of the channel current recorded during the measurement in which the PW was 3 seconds in dark conditions: no
difference in channel current was observed. The Igs of the OPECT was monitored during the application of positive
voltage pulses, keeping the channel voltage constant at Vg¢s = -200 mV. During this experiment, the gate pulse was
characterized by keeping a constant voltage amplitude (A) Vg4 = 300 mV, pulse width (PW), and time interval between
consecutive pulses (At). The total duration of the pulse was maintained at 15 seconds and the resulting channel current
was recorded. The same measurement was also performed by applying pulse voltages at the azo-tz-PEDOT:PSS gate
with a PW = 3 seconds in dark conditions. Here, the recorded channel current remained constant, demonstrating that

no conductance variation can be observed without light stimulation.

22



Chanrssl curment (sA)

[ IR

Chanmel curment (sA)

§

Channel curment (sA)

Supplementary Figure 22. Operation of the azo-OPECT under UV-light stimulation with different light
intensity and pulse width. Graphs of the channel current has been recorded during the measurement, first fixing the
PW while changing the light intensity of the UV light (yellow box) a) 20% b) 60% c) 100% (A= 365 nm, 0.56 W/cm?,
1.7 W/cm?, 2.8 W/cm?, t = 6 minutes). Then, fixing the light intensity and varying the PW applied to the gate electrode
i) 500 ms, ii) 1 s and iii) 5 s. In both cases, the conductance (referred to as g = - dlss/0V4s) Of the device largely
increased after 6 minutes of illumination (conditioning), while after the UV lamp was turned off and the samples were

kept in the dark for 3 minutes, the conductance slowly decreased (extinction). The conductance was calculated during
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the first and last pulse currents in dark and lighting conditions, respectively.
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Supplementary Figure 23. Conductance variation vs. pulse width. The data reveal that there is no dependence
between the conditioning and PW. The percentage conductance variation (AG%) was also evaluated, and each value
and standard deviations are reported in the Supplementary Table 2 and 3. When keeping the light intensity constant
while changing the PW, no considerable conductance difference was found, demonstrating that the light effect was

independent of the duration of the electrical pulse.
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Supplementary Figure 24. PPF index calculation. a) Schematic of PPF synaptic behavior in which two consecutive
current peaks were recorded by applying two identical pulse voltages with an interval of At =8 s to the gate electrode;
b) example of recorded channel spikes by applying pulse voltages with Vg = +300 mV, PW = 1 second and At =100
ms, 500 ms, 1's, 35, 55, 8, 11 s at the gate electrode in dark and UV-light conditions (yellow box). Paired-pulse
facilitation (PPF) is a type of synaptic behavior that can usually be emulated in OPECTSs by applying two identical
pulse voltages with short intervals (At) to the gate electrode. This causes two consecutive current peaks in the
postsynaptic current (channel current) in which the amplitude of the second spike (Az) was higher than the amplitude
of the first spike (A1) when the second pulse voltage was close enough to the first one. During the measurement, pulse
voltages of different durations were applied to the gate electrode in dark and UV light conditions (A = 365 nm, 2.8
W/cm?). The PPF index was calculated as the percentage ratio of A,/A; and was reported vs At, indicating an interval
between 5 s and 8 s as the optimal value to shift from STP to LTP behavior by applying both electrical and optical
stimuli (Results and Discussion, Figure 3 €). The PPF index was computed using N=3 devices. Numerical data are

available in the Supplementary Table 4.
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Supplementary Figure 25. Writable/erasable optoelectronic memory by applying 500 light pulses. Channel
current recorded during the application of 500 light pulses (A = 365 nm, 2.8 W/cm? of light intensity, PW = 1 s, At =
1 s) (yellow box) and a negative voltages Vg = -300 mV (total duration 10 minutes). Finally, the electrical stimulus
was removed and kept at 0 mV until the end of the measurement. During this measurement, 500 light pulses (PW =1
s, At =1 s) were applied to the azo-tz-PEDOT:PSS gate, decreasing the channel current and causing 500 discrete and
stable changes in conductance (see inset). After the illumination of the sample, a negative voltage of Vg = - 300 mV
(total duration 10 minutes) was applied, increasing again the channel current. Finally, by removing the electrical
stimulus, the current values decreased again bringing the synaptic conditioning back to the initial values.

These results suggested that by applying a negative voltage to the gate, a backflow of cations is facilitated from the
channel to the electrolyte and induces a reoxidation effect of PEDOT:PSS, as also previously reported®s.
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Supplementary Figure 26. Control measurements on bare PEDOT:PSS. Channel current recorded after applying
a train of positive (Vg from +50 mV to +300 mV, PW = 60 s and At = 10 s) and negative (Vg from -50 mV to -300
mV, PW =60 s and At = 10 s) electrical pulses both in dark (cyan solid line) and UV light (violet solid line) conditions
(A =365 nm, 2.8 W/cm?) on an OECT bearing a gate made of bare PEDOT:PSS.

Control measurements were performed using also an OPECT bearing a gate made of bare PEDOT:PSS by applying
both positive square pulse voltages (Vgs from +50 mV to +300 mV, PW = 60 s and At = 10 s) and negative square
pulses (Vg from -50 mV to -300 mV, PW = 60 s and At = 10 s) under dark and light conditions. Any modification in
the channel current was observed during the application of negative pulses, confirming that azobenzene moieties are

involved in the charge transfer process.
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Supplementary Figure 27. Competition between the effect induced by light and electric pulses. Channel current
recorded after applying a train of pulse voltages with a PW = 60 s, At =30 s and amplitude between Vg = -50 mV to
Vgs = -300 mV (with a step of -50 mV) under dark and UV light conditions (A = 365 nm, 2.8 W/cm?, yellow box): the
application of negative voltages to the gate competes with UV irradiation; turning on the UV lamp decreased the
channel current, reaching a constant value when an electric pulse of -100 mV was applied. With the application of a
negative pulse voltage, a current increase was observed again. A series of square pulse voltages was applied at the
gate electrode under both dark and UV-light conditions. In dark conditions, the channel current increased with
increasing voltage amplitude. Performing the same measurement under UV light conditions, competition between the
effect induced by light and electric pulses was observed during the first three pulses. Indeed, after turning the UV

lamp on, the channel current decreased until reaching a constant value when an electric pulse of -100 mV was applied.
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Supplementary Figure 28. Role of cations involved in the optoelectronic mechanism. Channel current recorded
after applying a train of pulse voltages with a PW = 60 seconds and amplitude between Vg = -50 mV to Vg = -350
mV (with a step of -50 mV) under dark conditions by using PBS (cyan solid line) and NaCl 100 mM (pink solid line)
as the electrolyte. To better understand the role of cations involved in the reduction of azo-tz-PEDOT:PSS, the PBS
electrolyte was replaced with an aqueous solution of NaCl 100 mM. By applying a train of negative square voltages
to the gate electrode, no increase in the channel current was observed. Such behavior suggests that protons are involved
in the reduction mechanism since a NaCl solution has less species able to donate H* with respect to KH,PO, and
Na;HPO. which are indeed present in the PBS electrolyte: the H* molar concentration in the PBS solution was higher
than NaCl 100 mM solution by approximately two orders of magnitude (102mM and 10 mM for PBS solution and

NaCl solution, respectively).
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Supplementary Figure 29. Writable/erasable optoelectronic memory by applying 20 light pulses. Channel
current recorded during the application of 20 light pulses (A = 365 nm, 2.8 W/cm? of light intensity, PW = 10 s, At =
10 s) (yellow box) and 10 negative pulse voltages with PW = 2 s, At = 10 s, Vg = -300 mV. the writable/erasable
behavior of the optoelectronic memory is reported. During the measurement, 20 light pulses were applied to the azo-
tz-PEDOT PSS gate, causing a decrease in the channel current and a consequent change in conductance in discrete
and stable states (inset, black dashed line). After light irradiation of the sample, a train of 10 negative pulse voltages
was applied, increasing the channel current and modulating the conductance in discrete and stable states (black dashed
line). Such writable (conditioning) and erasable (extinction) behavior demonstrates the possibility of using azo-
OPECT as optoelectronic memory, in which information can be stored through light pulses and cancelled by applying

electric stimuli.
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Supplementary Tables

Rs [kQ] Cpedot [LF] Npedot Razo coating Cazo coating Nazo coating
[kQ] [MF]
PEDOT:PSS 6.99 £0.17 490+ 14 0.51+0.02 - - -
PEDOT:PSS after | 7.71+0.10 452 + 20 0.5+0.03 - - -
UV light
Azo-tz- 9.78+1.15 80.5+19.3 0.55+0.03 205+055 | 3.63+0.85 1.03 +0.02
PEDOT:PSS
Azo-tz- 8.89+1.16 52.3+£150 0.64 +£0.03 248+143 | 473+x202 | 0.94+0.07
PEDOT:PSS after
UV light

Supplementary Table 1. Numerical data of EIS measurements obtained through data fitting. Data were

compared to pristine PEDOT:PSS electrodes prior to (top raw) and after the chemical functionalization (bottom raw)
(PEDOT:PSS N = 3, Azo-tz-PEDOT:PSS N = 4).
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Light intensity AG%
conditioning
(6 minutes)
PW: 500 ms PW:1s PW:3s PW:5s PW:8s
100% 95+21 9.1+13 55+1.0 125+3.1 6.0+35
60% 125+3.1 11.8+8.4 6.4+2.3 79+17 23+1.0
20% 42+0.6 2.7+0.7 3.8+19 45+25 29+1.6

Supplementary Table 2. Synaptic conditioning. Conditioning calculated as percentage conductance variation

(AG%) by changing the light intensity of the UV light (20%, 60%, 100%, N = 3 of each) and the PW applied to the
gate electrode (500 ms, 1's,35s,5sand 8s, N = 3 of each).
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Light intensity AG% extinction
(3 minutes)
PW: 500 ms PW:1s PW:3s PW:5s PW: 8s
100% -0.8+0.9 -09+1.2 -0.6+0.2 -27+31 -02+1.4
60% -0.7+1.1 -20+1.3 -0.6+0.2 -0.7+£0.6 02+0.3
20% 09+1.0 -01+1.6 -0.1+£0.6 -0.2+0.6 09+1.0

Supplementary Table 3. Synaptic extinction. Extinction calculated as percentage conductance variation (AG%) by
changing the light intensity of the UV light (20%, 60%, 100%, N = 3 of each) and the PW applied to the gate electrode
(500 ms, 1s,3s,5sand 8s, N =3 of each).
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Time interval PPF (%) PPF (%) PPF (%) PPF (%) PPF (%) PPF (%)
At (s) Device #1, Device #1, Device #2, Device #2, Device #3, Device #3,

dark light dark light dark light

0.1 98.9 98.3 99.6 99.1 99.9 99.5

0.5 99.1 98.4 994 99.1 99.9 99.5

1 99.5 98.9 99.7 99.4 99.9 99.7

3 99.7 994 99.8 99.6 99.9 99.8

5 99.7 99.3 99.8 99.5 99.9 99.7

8 100.0 100.0 100.0 100.0 100.0 100.0

11 100.0 100.0 100.0 100.0 100.0 100.0

Supplementary Table 4. PPF index of 3 devices computed in both light and dark conditions.
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