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Section 1: General Experimental Details

Manipulations of air or water sensitive compounds were performed using standard high vacuum tech-
niques. DCM, acetone, petroleum ether, heptanes, EtOAc and toluene solvents were purchased from
Reactolab SA and distilled under reduced pressure before their use. All other reagents were used as
commercially supplied. THF (99.99%), and diisopropylamine were purchased from Fischer Scientific.
K>CO3 (99+%, anhydrous), n-butyllithium (1.6 M in hexane) and DMF (99.8%, extra dry, acroseal) were
purchased from Acros organics. lodine, 2-bromothiophene, and 2-([2,2'-Bithiophen]-5-yl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane were purchased from TCl. Dioxane (>99.5%), Pd(PPhs),, trimethyltin
chloride, and Grubbs catalyst 2nd generation were purchased from Sigma-Aldrich. Analytical thin layer
chromatography (TLC) was carried out on Merck aluminium backed silica gel 60 GF254 plates. Column
chromatography was carried out on silica gel 60 GF254 (particle size 40 — 63 um, Merck) using positive
air pressure. NMR spectra were recorded at ambient probe temperature using the following Fourier
transform instruments: Bruker Avance Ill 400 MHz (9.0 T) equipped with BBFO probe, and Bruker
Avance Il 600 MHz (14.1 T) equipped with TCI CryoProbe. Chemical shifts (5, and 6 ) are reported in
parts per million (ppm) relative to the residual solvent peak. Coupling constants (J(s are reported in
Hertz. *H and *3C resonances were assigned with the aid of additional information from 1D & 2D NMR
spectra (H,H-COSY, DEPT 135, HSQC and HMBC). Accurate mass determinations using ESI (HR ESI-MS)
were performed on a Xevo G2-S QTOF mass spectrometer. UV-Vis spectra were recorded on a JASCO
V-670 spectrophotometer and the absorption wavelengths (A) are reported in nm (extinction coeffi-
cient € in M™cm™). Photoisomerizations were carried using a Camag UV lamp TL 900/U.
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Section 2: Characterization

PTS-T2.trans 1

PTS-T4.Trans

PTS-T6.trans

Scheme S1: Synthetic scheme for the preparation of the photochromic torsional switches PTS-T4 and
PTS-T6. (a) i) Diisopropylamine, n-Butyllithium, THF, ii) iodine; (b) 2-bromothiophene o 2-([2,2'-
Bithiophen]-5-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane, Pd(PPhs)s, K;CO3, DMF; (c) i) Diisopropyla-
mine, n-Butyllithium, THF, ii) trimethyltin chloride; (d) 2-bromothiophene, Pd(PPhs)s, DMF.
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Supporting Information

2.1. 'H-NMR spectra of PTS-T4.trans, PTS-T6.trans and related precursors
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PTS-T4.trans
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2.2. ®C-NMR spectra of PTS-T4.trans, PTS-T6.trans and related precursors
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2.3. 'H-NMR Spectra: trans-to-cis isomerization and PSS of PTS-T4.trans

'H-NMR spectroscopy shows that PTS-T4 has ~6% of

PTS-T4.cis. When PTS-T4.trans is exposed to

350nm light, ~49% of PTS-T4.trans is converted to PTS-T4.cis. This process can be inverted by irradiat-
ing PTS-T4.cis with 254nm light to recover the initial state consisting ~74% of PTS-T4.trans and ~26%

of PTS-T4.cis.

pristine
PTS-T4.trans

c e

@350nm ~1.5h .\
PTS-TA.cis AN
+PTS-T4.trans A\
(PSS350)

@ 254nm ~1h
PTS-T4.trans
+PTS-T4.cis
(PSS254)

T

b
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Figure S1: '"H-NMR spectrum of compound PTS-T4 in tetrahydrofuran-d8. Before (top), after (middle)
1.5 h of irradiation at 350 nm, and after (bottom) 1 h of irradiation at 254 nm.
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2.4. 'H-NMR Spectra: trans-to-cis isomerization and PSS of PTS-T6.trans

'H-NMR spectroscopy shows that when PTS-T6.trans is exposed to 350nm light, ~57% of PTS-T6.trans
is converted to PTS-T6.cis. This process can be inverted by irradiating PTS-T6.cis with 254nm light to

recover the initial state obtain reach the consisting of ~71% of PTS-T6.trans and ~29% of PTS-T6.cis.

pristine
PTS-T6.trans

@ 350nm ~45min .

PTS-T6.cis
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Figure S$2: 'H-NMR spectrum of compound PTS-T6 in tetrahydrofuran-d8. Before (top), after (middle)
45 min of irradiation at 350 nm, and after (bottom) 1 h of irradiation at 254 nm.
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Section 3: Quantum chemical calculations

3.1. Conformational screening and DFT calculations

A conformational screening for each PTS-Tn species was performed by using the algorithm CREST (Con-
former Rotamer Ensemble Search Tool), as recently introduced by Grimme et al.”! The conformational
search is based on meta-dynamics simulations (MTD) coupled with DFT-based semiempirical ap-
proaches, called GFNn-xTB (here we used the GFN2—xTB).[3] For PTS-T4.trans we found 294 conformers
and for PTS-T4.cis 1011, all lying within 6 kcal/mol. For PTS-T6.trans we found 928 conformers and for
PTS-T6.cis 573. The low-energy (< 0.05 kcal/mol) structures were re-optimized at the DFT level, by us-
ing the range-separated functional with diffusion corrections (wWB97X-D) and a triple-split Pope basis
set with diffusion and polarization functions (6-311+G*). TDDFT calculations were performed at the
same level of theory and more than 50 excited states were considered for each species. DFT and
TDDFT calculations were carried out with the program Gaussian16/C.01." The lowest energy struc-
tures, as optimized at the DFT level for PTS-T4.trans/cis and PTS-T6.trans/cis, are reported in Figure
S3.

PTS-T4 PTS-T6
transtws’[edQb trans-twisted

cis-planar : cis-planar

4G | 4o

Figure S3: DFT( wB97X-D/6-311+G*) optimized structures for PTS-T4 (left, trans - top, and cis - bottom)
and PTS-T6 (right, trans - top, and cis — bottom).

[2] “Extended tight-binding quantum chemistry methods’ Bannwarth, C.; Caldeweyher, E.; Ehlert, S.; Hansen, A.; Pracht, P.; Seibert, J.;
Spicher, S.; Grimme, S. WIREs Comput Mol Sci. 2020, 11, e01493

[3] ‘GFN2-xTB An Accurate and Broadly Parametrized Self-ConsistentTight-Binding Quantum Chemical Method with MultipoleElectrostat-
ics and Density-Dependent Dispersion Contributions’ Bannwarth, C.; Ehlert, S.; Grimme, S. J. Chem. Theory Comput. 2019, 15, 1652-1671
[4] ‘Gaussian 16, Revision C.01’ Frisch, M. J. et al. Gaussian, Inc., Wallingford CT, 2016.
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3.2 Frontier molecular orbitals for PTS-T4 and PTS-T6
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% 3 * 3

§ i %59 /‘\/{i‘\; $¢
a et pol ALY e
re %04 ~
2o M p
< IQ YO ":;Ls\”
( & . @ .
e &4 ‘ > \ ’ ] 0. O(‘.
HOMO-1 HOMO LUMO LUMO+1
-0.28177 -0.26882 -0.01587 -0.00006

PTS-T4.cis

.. ‘_& o -
S 0y
“‘““&ﬁ.‘
HOMO-1 HOMO LUMO LUMO+1
-0.25670 -0.25670 -0.00617 0.00243

PTS-T6.trans

HOMO-1 HOMO LUMO LUMO+1
-0.28118 -0.26278 -0.01708 -0.01028

PTS-T6.cis

HOMO-1 HOMO LUMO LUMO+1
-0.26939 -0.24277 -0.00704 0.01089

Figure S4: Relevant DFT (wB97X-D/6-311+G*) frontier molecular orbitals involved in the So->S¢hio and
So-Sazo transitions (see main text). Molecular orbital energies are reported in atomic units (a.u.).
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PTS-T4.trans optimized structure (wB97X-D/6-311+G*)

Total SCF energy = -3745.14369561 Hartree
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PTS-T4.cis optimized structure (WB97X-D/6-311+G*)

Total SCF energy = -3745.13004061Hartree
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PTS-T6.trans optimized structure (wB97X-D/6-311+G*)

Total SCF energy = -4848.74339008 Hartree
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PTS-T6.cis optimized structure (WB97X-D/6-31+G*)

Total SCF energy = -4848.07627157 Hartree
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Section 4: Steady-state Spectroscopy

4.1. Absorption Spectra and Cyclability

A dilute solutions of PTS-T4.trans and PTS-T6.trans (~1 x 10 M) in THF were placed ~3.5 cm from the
light source and irradiated with repeated alternating cycles of 30 sec with 350 nm and 254 nm wave-
lengths (each 6 W).
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Figure S5: (a) Absorption spectrum of PTS-T4.trans (solid blue line), PTS-T4.cis (solid green line), pho-
tostationary state from-cis-to-trans (red dashed line); inset shows measured absorbance at 358 nm of
PTS-T4 in THF solution alternating irradiation at 350 nm (green arrow) and at 254 nm (blue arrow) in
repeated switching cycles. (b) Absorption spectrum of PTS-T6.trans (solid blue line), PTS-T6.cis (solid
green line), photostationary state from-cis-to-trans (red dashed line); inset shows measured absorb-
ance at 379 nm of PTS-T6 in THF solution alternating irradiation at 350 nm (green arrow) and at 254
nm (blue arrow) in repeated switching cycles.
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4.2. Thermal relaxation

Dilute solutions of PTS-T4.trans and PTS-T6.trans (~1 x 10 M) in THF were irradiated with 350 nm
wavelengths (~30 sec) to isomerize into the corresponding cis form. The solutions were then stored at
25°Cin the dark, and absorption spectra measured every 3 h.

It was observed that compounds PTS-T4.cis and PTS-T6.cis have respectively a half-life (t1;) of ~17 h
and ~8 h. These times are significantly shorter than that of PTS-T2.cis which exhibits a thermal relaxa-
tion with a 71/, = 120 h. Considering that the intrinsic properties of the azobenezene in PTS-T2 should
be comparable to those of PTS-T4.cis and PTS-T6.cis, the fast thermal relaxation of PTS-T4.cis and PTS-
T6.cis can be associated to a cross-talk between the molecular orbitals of the azobenzene with those
of oligothiophenes. This interaction gradually increases from PTS-T4.cis to PTS-T6.cis and it leads to an
electron directing-like behavior that reassembles push-pull functionalized azobenzenes. It is notewor-
thy that azobenzenes with not structural constrain such as hydroxyl-azobenzene and the alkoxy-
azobenzene analogues have 11/, of ~12 h and ~16 h, respectively, that are longer half-life than PTS-
T6.cis.

1.04

absorbance a.u.

—=— PTS-T4
—e—PTS-T6

054 i i

LA LA DL B A LA B R B R B LA LA L |
0 3 6 9 12 15 18 21 24 27 30 33 36 39
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Figure S5: Measured absorbance at the corresponding Anyax of PTS-T4 and PTS-T6 in THF solution dur-
ing the thermal relaxation. Dashed lines indicate the corresponding absorbance intensity at the ob-
served half-life (71/2).
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Section 5: Time Dependent Density Functional Theory (TDDFT) calculations

5.1. Computed absorption spectra

Excited states and electronic vertical transitions were evaluated at the TDDFT level of theory
(WwB96XD/6-311+G**), on top of the lowest-energy structures as derived from the CREST/GFN2-xTB
conformational screening (see Section 3). Figure S6 reports the oscillator strengths and absorption
spectra (as obtained from a convolution of Lorentzian functions peaked on each vertical transition,
FWHM = 0.3 eV), for PTS-T4 and PTS-T6 in their trans-twisted and cis-planar conformations. TDDFT
calculations, with the use of range-separated functionals, tend to overestimate the transitions ener-
gies.”® Although in the current calculations we do not take into account the vibronic relaxations and
spectral broadening effects,’” the computed transition energies and band intensity ratio are consistent
and in good agreement with the experimental findings. All calculations were performed in vacuum;
small effects on the vertical transition energies are expected to occur with the inclusion of explicit or
implicit solvent.

In PTS-T4 the spectral shift between the calculated transition So->S; (PTS-T4.trans) and So->S, (PTS-
T4.cis) is 42 nm. In PTS-T6 the spectral shift between the calculated transition So->S, (PTS-T6.trans)
and So->S, (PTS-T6.cis) is 37 nm.
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Figure S6. TDDFT (wWB97X-D/6-311+G**) vertical transitions for PTS-T4 and PTS-T6. Relevant excited
states identified for the spectroscopic assignments (see manuscript) are reported. (a) Calculated ab-
sorption spectra of PTS-T4.trans (blue) and PTS-T4.cis (green). (b) Calculated absorption spectra of
PTS-T6.trans (blue) and PTS-T6.cis (green).

[5] “TD-DFT benchmarks: A review’A. D. Laurent; D. Jacquemin, Int. J. Quantum Chem. 2013, 113, 2019-2039

[6] ‘Electronic Energy Gaps for m-Conjugated Oligomers and Polymers Calculated with Density Functional Theory’ H. Sun, J. Autschbach, J.
Chem. Theory Comput. 2014, 10, 1035-1047

[7] ‘Spectrum simulation and decomposition with nuclear ensemble: formal derivation and application to benzene, furan and 2-
phenylfuran’ R. Crespo-Otero and M. Barbatti, Theor. Chem. Acc., 2012, 131, 1237
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5.2. Excited states assignments: MOs picture

As discussed in the manuscript, the conformational changes of the bithiophene unit, as induced by the
trans-cis azobenzene isomerization, can be traced by monitoring the energy shift of the electronic
transition that shows a large molecular orbital contribution localized on the thiophene segments. This
transition has been called So->Sthio.
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Figure S7: Association of molecular orbitals to So->Sthio transition.
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In the tables below we report the assignments, based on a molecular orbitals (MOs) picture of each
electronic transition discussed in the manuscript. Only the relevant MOs contributions for each elec-
tronic transition are shown.

PTS-T4 energy oscillator strength MO contributions
trans
So->S 1 -
(5§_>5 2) 3.74 eV (330 nm) f=0.80 H-1->1
azo,
So > S3
(So=>Stnio) 3.90eV (317 nm) f=1.13 H->L+1
10,
cis
So->S;
3.45eV (359 nm f=0.70 H->L
(So->Sthio) ( )
So->S;
4.24 eV (292 nm f=0.1 H->L+1
(SO'>Sazo) ( )
, MO contributions
PTS-T6 energy oscillator strength (main contribution)
trans
So->S; H->L+1
3.55eV (348 nm f=1.52
(So->Sthio) ( )
So->S3
3.72 eV (332 nm f=1.36 H-1->L
(SO'>Sazo) ( )
cis
So->S;
3.21 eV (385 nm f=1.51 H->L
(So->Sthio) ( )
50 >3, 3.80 eV (325 nm) £=0.05 H-> L+1
(50->Saz0) ' '
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Section 6: Field Effect Transistors

Bottom gate bottom contact transistor substrates were purchased from Fraunhofer Institute for Pho-
tonic Microsystems. The n-doped silicon wafer is used as bottom gate electrode, and a 230 nm SiO, is
applied for dielectric layer. Au is used for source and drain electrodes, which is the most commonly
used metal for source and drain electrodes in n-type OFETs because of its environmental stability, alt-
hough its high work function may lead to a decrease of measured electron mobility. The thickness of
Au is 30 nm, and 10 nm high work function ITO is used as the adhesion layer. The channel length (L)
and width (W) are 2.5 um and 10 mm, respectively. The substrates were successively cleaned by wa-
ter, isopropanol, and acetone. After dried by argon, a 35 nm organic layer was spin coated on the sub-
strates at 1000 rpm from a solution of PTS-T6 in anhydrous THF with a concentration of 4 mg mL. The
current-voltage (/-V) characteristics of the transistors were measured in a nitrogen glovebox using a
custom-built probe station and a Keithley 2612A dual-channel source measure unit. The electron mo-
bility of the transistors was extracted from saturation regime according to the equation:

EO

Vs | WC

Where L and W are the channel length and width, respectively. Ip is the current between source and
drain electrode, and Vs is the gate voltage. C; (1.4x10°8 F cm™) is the capacity of the dielectric layer.
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Figure S8: Output curve of: pristine PTS-T6.trans (a); PTS-T6 after irradiation at 350nm (b); PTS-T6 af-
ter irradiation at 350nm and 24 h of thermal relaxation.
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Section 7: X-Ray Crystal Structures and Packing

Figure S8: Unit cell structure of PTS-T2 viewed along a (a), b (b) and c (c) axis.
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Figure S9: Unit cell structure of PTS-T4 viewed along b (a), ¢ (b) and a (c) axis.
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Figure S10: Unit cell structure of PTS-T6 viewed along a (a), b (b) and ¢ (c) axis.
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