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Abstract

Tetraphenylethylene (TPE) derivatives have been a key building block in the development of solid-state
fluorophores with tunable emission wavelength and large quantum efficiencies. Recent literature has
brought an array of evidence that rotation around the central C=C bond constitutes main route of
deexcitation in solution, and that its restriction in solid-state leads to aggregation-induced emission (AIE)
in this family of derivatives. However, the influence of substitution on the dynamics of TPEs in solution
has so far received little attention, probably because of the difficulty in efficiently separating (E) and (2)
isomers. Here we report the photophysical properties in solution of extended stereopure TPE
derivatives. The introduction of triphenylamine (TPA) substituent results in differences in the spectral
properties between the (E) and (Z) isomers, thereby allowing modulation of the photostationary state
(PSS) and thus switching in the equilibrium between these two forms depending on the irradiation
wavelength. Importantly, we show that this photochromism is observed with a very marked decrease in
the photoisomerization quantum yields (®iso) of TPE-TPA, compared to non-extended TPE derivatives,
which we attribute to the so called “amino conjugation effect” already reported for several stilbene
derivatives. As a generalization of this mechanism, we show that TPA substitution provides similar effect
on other stilbenoid derivatives. These results provide important new insight into the photophysics of
electron donor substituted TPEs, and their possible use as photochromic materials.

Introduction

Extended aromatic olefins are the most widely studied
class of organic dyes, and the range of topics in which
they are involved is constantly expanding.-* Particular
emphasis has been placed on the photochemistry and
photophysics of aromatic olefins, both in solution and in
the aggregated state.>7 Within this family of
compounds, stilbenes and related analogues have been
particularly studied due to the variety of processes
accessible in their excited state, such as E/Z
photoisomerization and the photocyclization reactions.®
Among the stilbenoids, tetraphenylethylene (TPE)
derivatives have been, , a comparatively overlooked
class of materials in this regard.®3 Indeed, although
their solid state properties have been widely explored,
making them  key components in the molecular
engineering of solid state fluorophores or AlEgens,'#15
their photochemistry in solution has long remained
comparatively unexplored (Fig. 1a).

Recently, an increasing number of studies using a
variety of steady-state and time-resolved
spectroscopies coupled with theoretical calculations
have painted a rather complex landscape of the excited

state of TPE derivatives, giving rise to sometimes
conflicting conclusions about their photochemical
evolution in solution.121316-19  \We have recently
reported for the first time a numerical estimation of the
photoisomerization (®iso) and photocyclization (®c)
quantum vyields of fluorine- and methoxy-substituted
derivatives TPE-F and TPE-OMe respectively (Fig.
1a).2% This was achieved using a tailored actinometric
NMR protocol.?2? With this protocol in hand, it was
possible to provide conclusive evidence that rotation
around the central double bond, i.e. photoisomerization,
is an almost exclusive deactivation pathway of the TPE
excited state in solution, in the absence of oxygen.
Chemically irreversible photocyclization, although minor
in terms of quantum yields (0.05), plays a role in the
photochemical evolution of the system upon prolonged
irradiation of aerated solutions.

This study remained however limited to small TPE
derivatives with simple substitution patterns, having little
influence on the electronic properties of the TI-
conjugated backbone.
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Fig. 1 a) Photochemical pathways involved for TPE-OMe and TPE-F studied by Monnereau and coll.?°; Photoisomerization
quantum yields of derivatives developed by b) by Liau and coll.?? and c) Feringa and coll.?3; d) Structures of TPE-TPA, DPB-TPA

and S-TPA studied in the present article.

In the case of stilbenes, the influence of the introduction
of electroactive substituents (electron donating or
withdrawing) on the photochemical processes in
general, and photoisomerization in particular, has been
extensively studied.® In particular, the effect of N-
phenylamino, referred to as “amino conjugation effect”
substitution on the para-position of stilbene derivatives
has clearly been demonstrated in a recent study by Liau
and coll. (Fig. 1b).22 In this work, it was shown that such
substitution significantly alters the photophysics of the
resulting chromophore: stilbenoids usually has a high
photoisomerization quantum yield (®iso = 0.49 for S-NH2
in hexane) which is detrimental to their fluorescence
properties (®r = 0.03 for S-NH2 in hexane). With the
amino conjugation effect, a significant decrease in the
photoisomerization quantum yield was observed (®iso =
0.14 for S-NPh2 in hexane), while the fluorescence
quantum yield ®s in solution (®r = 0.57 for S-NPh2 in
hexane) was increased to a similar extent (Fig. 1).

It has been proposed that the charge transfer induced
by the N-phenyl substitution leads to a better
stabilization of the planar S1 state of the (E), away from
the orthogonal twisted form, largely suppressing the
conical intersection pathway at the origin of
photoisomerization process,!® and making the rotational
energy barrier around the central C=C bond higher for
the N-phenylamine derivative compared to its amino
equivalent. Thus, the amino conjugation effect reduces
the photoisomerization process in favor of
luminescence. Very recently, a similar effect was also
described by Feringa and coll. on their molecular motors
MM-TPA (Fig. 1c):2 adding TPA substituents,
conjugated to the stiff-stilbene core through a triple
bond, leads to a strong decrease of the ®iso yields
(Piso(MM-TPAY) = 0.15 ; ®Diso(MM-TPA2) = 0.05 ;
Diso(MM-TPAS3) = 0.02).

To date, however, generalization of these conclusions
to more diversified classes of stilbenoids, including TPE

derivatives that have gained a lot of attention for their
abovementioned importance in solid state emissive
material sciences, are still lacking. A possible
explanation to this fact may rely in the difficult
separation of the (E) and (Z) isomers of TPE
derivatives,'® which adds to the inherently non-trivial
measurements of ®iso and @c (vide supra). In a previous
study,?* we introduced a new method for the separation
of the (E) and (2) isomers of extended triphenylamine
(TPA) substituted TPEs by means of chiral preparative
HPLC (Fig. 1d).

In the present report, we take advantage of these
preliminary results, which allowed us to get pure TPE-
TPA (E) and (Z) isomers and then to initiate a study of
their photochromic properties and the determination of
their associated photoisomerization quantum yields
®iso. As anticipated, we show that the significant TPA
substitution gives rise to a marked intramolecular
charge transfer character to the lowest energy
electronic  transition, resulting in  significant
spectroscopic differences between (E) and (Z) isomers.
We show, depending on the irradiation wavelength, that
we can achieve a control over (E) and (Z) isomers ratio
of TPE-TPA, which constitutes the basis of a
photochromic system. In addition, the calculated ®iso
yields of TPE-TPA and other olefinic compounds, DPB-
TPA and S-TPA, highlights that the "amino conjugation
effect”, already reported on other stilbenoid
derivatives??223 also applies here, which results in a
marked slow-down of the photoisomerization kinetics.
Although detrimental for a potential use as a
photochromic molecule/molecular rotor, this effect
contributes in stabilizing the (E) or (Z) form of such
elongated TPE derivatives, with potential benefits for
such applications as one or two-photon fluorescence
bioimaging, for which we recently brought proof of
concepts.?425
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Results and discussion

The spectroscopic properties of the (E) and (Z) isomers
of TPE-TPA have been studied in solution in chloroform
(Fig. 2a). As a first remark, it is important to note that
the vast majority of TPE derivatives reported in the
literature show truly little influence of their stereo
configuration on their absorption maxima (cf. Table S8).
However, in the case of TPE-TPA, while the absorption
band of the (Z) isomer peaks at 367 nm, (E) isomer
shows a maximum at 376 nm. To our knowledge, this
energy difference of 674 cm is the largest difference
between TPE isomers reported to date: we were able to
rationalize this difference in a previous report based on
TD-DFT modelling of the excited states of both
stereoisomers.?* Indeed, calculations on the first two
transitions showed that only the lower energy So — S1
transition is allowed in the (E) isomer as a consequence
of the quadrupolar nature of the molecule, whereas the
higher energy So — Sz transition, although not
exclusive, is largely favored in the dipolar (Z) isomer,
resulting in a noticeable difference in the absorption
maxima and overall band shape for the two isomers.

The green curve in Fig. 2a represents the difference in
absorbance between the (E) and (Z) isomers. This
curve highlights three characteristic wavelengths
(highlighted with red dots): (i) 350 nm, where the
difference in absorbance between the (Z) and (E)
isomers is greatest, in favor of (Z) (ca. 20%); (ii) 350 nm,
where the difference in absorbance between the (Z) and
(E) isomers is greatest, in favor of (E) (ca. +20%); (iii)
the isobestic point at 372 nm.

This disparity led us to investigate the photochromic
properties of the TPE-TPA isomers, i.e., the possibility
of tuning their E/Z ratio photochemically by varying the
excitation wavelength (Fig. 2b).
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Fig. 2 a) Absorption spectra in chloroform of (Z) and (E)
isomers of TPE-TPA (blue and yellow respectively) and the
difference of the absorption of (Z) with (E) isomer (green) with
characteristic wavelength indicated by red dots b)
Photoisomerization kinetic of (E)-TPE-TPA. Colored zones
indicate the irradiation wavelengths during the associated
period and black horizontal line indicate the 1:1 E/Z ratio.
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Fig. 3 Photoisomerization kinetics of (E)-TPE-TPA with in
red, the exponential fit curve.

To monitor this process, a pure (E)-TPE-TPA solution
was therefore irradiated at the different characteristic
wavelengths mentioned above and the evolution of the
E/Z ratio was determined at regular intervals by *H NMR
(see detailed procedure in Supporting Information).

The first part of the kinetic curve (green area in Fig. 2)
corresponds to the irradiation of the (E)-TPE-TPA
solution at 350 nm. The kinetic profiles follow the
expected mono-exponential decay associated with such
a photoconversion  process.?° When the
photostationary state (PSS) is reached after prolonged
irradiation, an E/Z ratio of 58/42 is obtained,
corresponding to a 16% excess of the (E) isomer over
the (Z) isomer, close to the theoretical difference of 20%
predicted by the absorption differences (Fig. 2b).

The second part of the curve (red area) corresponds to
irradiation at the characteristic wavelength of 390 nm. In
this case, the system evolves towards a photostationary
equilibrium in which the (Z) isomer is predominant. The
E/Z ratio at PSS is 46/54: the associated difference of
8% between the two isomers is smaller than that
predicted by the differences in absorbance (again of the
order of 20%).

Irradiation at the isosbestic point at 372 nm (purple
region) of the mixture of isomers achieves the expected
photoequilibrium with an E/Z ratio of 1:1. Overall,
despite minor inconsistencies, the control of the
photoequilibrium ratio based on the incident wavelength
is consistent with the relative absorptions of each
isomer: irradiation source that is not perfectly
monochromatic may account for these differences.

Consequently, the introduction of TPA groups with high
electronic impact on TPE induces a remarkable shift
between the optical properties of the (E) and (2)
isomers. This difference allows the manipulation of the
isomer ratio according to the excitation wavelength,
enhancing the photochromism of the TPE derivatives.
Thus, TPE derivatives can be used as photoswitches
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Table 1 Photoisomerization quantum yields estimated in CDCls.

De_z ®zE

TPE-TPA 0.08 0.09

DPB-TPA 0.04 0.06
S-TPA 0.18 -

TPE-F2 0.49 0.51

TPE-OMe? 0.48 0.51

a. Data from ref.?°

based on an E/Z isomerization mechanism as for
azobenzenes, indigoids or stiff-stilbenes.26

To further assess the usefulness of TPE-TPA for
potential photoswitching applications, the E/Z
photoisomerization quantum yields were determined by
irradiating stereopure solutions of the (E) and (2)
isomers at the isosbestic point (i.e. 372 nm) of both
isomers, and fitting the resulting data according to our
previously published protocol.20-21

The kinetics of the irradiation of (E)-TPE-TPA is shown
in Fig. 3 (see details of the procedure and calculations
in Sl). During the irradiation process of these
compounds, the formation of photocyclization or other

To extend this conclusion of the amino conjugation
effect on AlEgens derivatives, the determination of ®iso
yields was also performed on DPB-TPA isomers and
(E)-S-TPA, which differ from TPE-TPA by the change of
the two central phenyls by methyls or hydrogens
respectively (Fig. 1). As illustrated in a previous report,
all these designed compounds present interesting AIE
properties.

Photoisomerization quantum efficiencies were first
investigated for DPB-TPA, using a similar protocol as
for TPE-TPA, and resulting data and fits are presented
as supplementary material (Fig. S4-S6) Qiso Yields are
estimated to be 0.06 for the (Z) isomer and 0.04 for the
(E) isomer (Table 1). These values are of the same
order as those obtained for TPE-TPA and confirm that
the solution excited state dynamics of these stilbenoids
in solution is also governed mainly by this amino
conjugation effect, which drastically limits their
photoisomerization.

Finally, the photoisomerization quantum yield of (E)-S-
TPA (Z counterpart is not synthetically accessible) was
also evaluated, to ®iso = 0.18. This yield, higher
compared to its equivalents TPE-TPA and DPB-TPA,
remains well below that of related non-TPA substituted
stilbenes, both tabulated (0.4-0.5)?7 or as reported by us
(0.4) in previous studies using similar measurement
protocol.?® Moreover, the magnitude of decrease in
photoisomerization efficiency appear consistent with
that reported, also on stilbene (monosubstituted) by
Liau and coll.: although separated from the stilbene core
by a triple bond, the TPA groups modulate the
photochemistry of these olefin derivatives.

photo-degradation products remained negligible under
these conditions (< 5% detected by NMR after more
than 3 hours irradiation). Thus, we report herein only the
photoisomerization quantum yields. The experimental
data (yellow points in Fig.3) could be fitted with good
accuracy to a mono-exponential decay (red curve, Fig.
3). This allowed us to calculate ®iso yields of 0.08 for the
(E) isomer and of 0.09 for the (Z) isomer (Fig. S1-S3
and Table S2). These ®iso Yyields are dramatically
lowered when compared to those determined for the
TPE-OMe and TPE-F derivatives, in the range of ®iso =
0.5 (Fig 1a., Table 1). This drastic decrease in Qiso yield
agrees well, both qualitatively and quantitatively, with
the previous conclusions of Liau and coll.22 and Feringa
and coll.2 on other stilbenoid derivatives stabilized by
to amino conjugation effect.

An interesting difference is however observed when
comparing TPE-TPA and DPB-TPA on the one hand,
and S-TPA, on the other. While, in the latter, the drop in
photoisomerization quantum efficiency is accompanied
by a significant improvement in luminescence efficiency
(P = 0.65 for S-TPA vs @ = 0.07%8 for unsubstituted
stilbene), nothing comparable is observed in the former.
Luminescence efficiency remains close to zero in this
case, highlighting the existence of further nonradiative
dissipative pathways, probably resulting from higher
steric constraints around the double bond which favor
twisting motions at the excited state.

Conclusions

In summary, we have studied the influence of TPA
substitution on the photochromic properties of TPE
derivatives. TPA group induces a charge transfer
character to the electronic transition, which results in
significant differences in the absorption properties of the
(E) and (Z2) TPE-TPA isomers. This difference, along
with the possibility to induce E-Z photoisomerization at
the excited state, allows controlled modulation of the
E/Z ratio upon photoirradiation, depending on the
incident excitation wavelength. This benefit of the
introduction of TPA on the magnitude of photochromism
between the (E) and (Z) forms is however mitigated by
a significant reduction in photoisomerization quantum
yield (piso below 0.1 for TPE-TPA derivatives). This so-
called “amino conjugation effect” linked to the
introduction of the TPA peripheral substituent, already
observed for stilbene derivatives, is also observed in
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two other AIE active stilbenoid derivatives studied in this
work, namely DPB-TPA and S-TPA derivatives. All
these observations demonstrate the overall effect of
TPA substituents on the photochemistry AIE active
stilbenoids. While providing new insights into the
complex landscape of TPE derivatives excited state
properties, we expect that these results will also drive
the development of new photochromic compounds and
molecular rotors based on the TPE core or others
olefinic models. We are currently working on this topic.
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Synthesis
Synthesis of TPE-TPA, DPB-TPA and S-TPA were already depicted in reference .

Photoisomerization quantum yield determination
a) For TPE-TPA and DPB-TPA:

- 'H NMR spectra were recorded at room temperature on a Bruker Avance 400 spectrometer operating at 400 MHz.
CDCls (d, 99.8%) was purchased from Euroisotop. Chemical shifts are given as values (ppm) referenced to the
peak of CDCls (7.26 ppm). All experiments were performed in quartz NMR tubes. The accuracy of the NMR
integrations in the titration conditions was checked by comparing the integrations obtained on a test sample acquired
with a relaxation time T1 corresponding to those used in the standard titration experiments, T1 being acquired with
approximately five times longer relaxation delays. The measured integrations remained unchanged. NMR
integrations and peak heights were estimated using MestReNova. Exponential fitting, tangent and exact method
treatment of the obtained data were performed using Origin software.

- The irradiation source was the 450 W xenon arc lamp of a Horiba Jobin-Yvon Fluorolog-3 spectrofluorimeter, and
the irradiation wavelength was selected using an iHR320 excitation monochromator with 1200 groves.mm! grating.
Irradiation experiments were performed in a calibrated integrative sphere (21 steradian covered with spectralon®,
model G8 from GMP). The value of incident photon flux used were determined by chemical actinometry based on
the photoconversion of 2-nitrobenzaldehyde to 2-nitrosobenzoic acid.? Values obtained accordingly are given in
Table S1.

Table S1. Light intensities and maximum wavelength used for irradiation of TPE-TPA and DPB-TPA.

TPE-TPA DPB-TPA
lo(s?) 9.48 x 10% 1.18 x 1016
A (nm) 372 358

- The irradiation of NMR tube in an integrating sphere is fully described in a previous paper.?2 The accuracy of the
method was verified by comparing this setup with conventional irradiation in a spectroscopic cuvette under constant
agitation, with deviations in incident power measurements of less than 3%. The ratio of photons absorbed by the
contents of the NMR tube in the integration sphere to the incident photon flux was estimated by integrating the
excitation spectra of the lamp in the absence and presence of the sample. Stock solutions in CDClz were prepared
at specific concentrations using volumetric flasks. The solutions were transferred to the NMR tube. Irradiation was
started at t = 0, 'H spectra were recorded at precise intervals of irradiation time and the conversion was calculated
from the respective integrations of reactant and product(s). For TPE-TPA isomers, the center of the multiplet at 7.13
ppm was chosen to follow the evolution of the proportion of E isomer and the center of the multiplet at 7.11 ppm for
the Z isomer. In the case of DPB-TPA, the concentrations were determined from the relative heights of the peaks
at 7.37 ppm for the E isomer and 7.31 ppm for the Z isomer.

- Two methodologies were employed to determine the photoisomerization quantum yields @iso (Photoisomerization of
the (2)-isomer has been chosen for illustration in the following formula; similar logic applies to the (E)-isomer).

(i Extrapolation method: the kinetic constant kiso associated to the (Z) — (E) photoisomerization is estimated
at the beginning of the reaction at t = 0.3 At this stage, the (E)-isomer being in negligible concentration in
the reaction mixture, the constant kiso can be readily obtained according to equation S1:

[Zlo-l2] _
([Z]-%Z]o)—m P kiso (S1)

Photoisomerization quantum yield can be derived from the measured kiso according to equation S2:

Kiso-NaV

Do = (S2)

Iaps

With kiso is the kinetic constant of the photoisomerization (mol.L-1 .s'1 ), Na, the Avogadro constant, V, the
volume of the solution (L), and labs, the absorbed photon flux (s1). Real amount labs of photon flux absorbed
by the NMR tube in the integration sphere can be calculated following equation:
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Lc

lans = Io(1 = 1%) (S3)

With lo corresponds to the incident photon flux, Lc and La are the integrated excitation spectra of the sphere
(i.e. measured signal of the light source) with and without the sample NMR tube respectively.

(i) Exact method: this consists in obtaining a pair of solutions to the differential equation S4, describing the
entire process of photoisomerization # by using regression algorithms applied to non-linear multivariate
functions. Bayda et al. propose to apply the Levenberg-Marquardt algorithm to an exponential form of the
solution:*

[Z]g zeg+eez

e (-1 = (2 ) (42 (14 ) (o

Igps(z+e) s [Z]o
With [Z]o, the initial concentration of the (Z)-isomer, z = 20z, e = eePe-z, and s, a scale factor.

By applying the fitting algorithm to the curve of exp(- ts) versus [Z] - [Z]o (equation S4), a pair of solutions
(z,e) is calculated. This method thus makes it possible to obtain the two quantum yields of
photoisomerization with the study of a single kinetic and by applying it to the whole reaction.

Parameters and quantum yields deduced by both methods are summarized in Table S2. For photoisomerization kinetics,
¥? test of the exponential fit with the constant kiso extrapolated from the tangent at zero-time are presented. For the exact
method, x2 test of the fit to equation S4 with the obtained photoisomerization quantum yield ®: and ®: are included in
the corresponding graphs. In all cases, good consistencies were found when comparing the yields obtained by both
methods.

Table S2. Summary of the parameters and yields of photoisomerization obtained for TPE-TPA and DPB-TPA.

(2)-TPE-TPA (E)-TPE-TPA (2)-DPB-TPA (E)-DPB-TPA

kiso (mol.L1.s1) 2.33x106 1.98x106 1.82x106 1.16x10®

V(L) 5.00x10* 5.00x10* 5.00x10* 5.00x104

La 6.85x107 6.72x107 6.45x107 3.72x107

Lc 1.36x10¢6 1.25x10¢ 1.16x10°6 4.02x108
1-(Lo/La) 0.802 0.812 0.821 0.892
Qiso (extrapolation) 0.09 0.08 0.06 0.04
x2 (extrapolation) 0.984 0.999 0.999 0.998
Piso (exact method) 0.10 0.08 0.06 0.04
X? (exact method) 0.965 0.998 0.990 0.983

b) For S-TPA,

Since the stilbene derivative S-TPA has more pronounced spectral signatures changes between the (E) and (2)
isomers than TPE-TPA and DPB-TPA, it was decided to monitor photoisomerization by successive absorption
spectra.

The sample was placed in a cuvette equipped with a magnetic stirrer. The light intensity was determined using a
power-meter from Starlite Ophir. Absorption spectra were recorded every minute using a Cary50 UV-vis spectrometer,
under constant mixing.

Solution has been prepared in CDCls to give an absorbance of approx. A = 1 (i.e. total absorption regime). At longer
irradiation times, photocyclization could no longer be neglected. Therefore, the linear fit to extrapolate kiso was
performed when the E isomer (non-photocyclizable) was still predominant.

The @iso yield was therefore determined using the extrapolation method (measurement of (i—i\) ):
0
d4) ¢ NLV
Diso = (dt)o 2 (S5)
Io.-Ag

Parameters and quantum yields deduced are summarized in Table S3.
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Table S3. Summary of the parameters and yields of photoisomerization obtained for S-TPA.

(E)-S-TPA
dA/dt 0,075

Co (mol.L1.s?) 3.0x10°%
V(L) 0.002

lo (s1) 1.30 x 1016
Ao 1.17
Piso (extrapolation) 0.18
X2 (extrapolation) 0.990
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Fig. S1 (a) Close-up view on aromatic region of *H NMR spectra during irradiation of (Z)-TPE-TPA (in solution of CDCIs, at room
temperature, with a spectrometer operating at 400 MHz). (b) Photoisomerization kinetic of (Z)-TPE-TPA in solution (Red curve
corresponding to exponential fit).
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Fig. S2 (a) Close-up view on aromatic region of *H NMR spectra during irradiation of (E)-TPE-TPA (in solution of CDCls, at room
temperature, with a spectrometer operating at 400 MHz). (b) Photoisomerization kinetic of (E)-TPE-TPA in solution (Red curve
corresponding to exponential fit).
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Fig. S3 Exact method treatment of photoisomerization kinetics of (a) (Z)-TPE-TPA and (b) (E)-TPE-TPA (Red curve corresponding
to the fit to equation S4).
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Fig. S4 (a) Close-up view on aromatic region of H NMR spectra during irradiation of (Z)-DPB-TPA (in solution of CDCIs, at room
temperature, with a spectrometer operating at 400 MHz). (b) Photoisomerization kinetic of (Z)-DPB-TPA in solution (Red curve
corresponding to exponential fit).
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Fig. S5 (a) Close-up view on aromatic region of 'H NMR spectra during irradiation of (E)-DPB-TPA (in solution of CDCls, at room
temperature, with a spectrometer operating at 400 MHz). (b) Photoisomerization kinetic of (Z)-DPB-TPA in solution (Red curve
corresponding to exponential fit).
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Fig. S6. Exact method treatment of photoisomerization kinetics of (a) (Z)-DPB-TPA and (b) (E)-DPB-TPA (Red curve corresponding
to the fit to equation S4).
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temperature). (b) Photoisomerization kinetic of (E)-S-TPA in solution (Red curve corresponding to linear fit).

Table S4. Ratios of (Z)-TPE-TPA calculated by RMN-*H during irradiation

Time (s) Intensity (a.u.) (2)-isomer ratio
(E)-Peak (2)-Peak

0 - - 1.000
300 128.2 589.4 0.792
600 170.4 526.1 0.719
900 198.7 508.9 0.679
1200 242.4 512.1 0.636
1500 264.6 489.1 0.604
1800 284.9 477.2 0.581
2100 309 472.7 0.558
2400 297.5 445.2 0.553
3000 335.5 454.6 0.528
3600 336.3 438.1 0.519
4200 346.6 433 0.508
4800 363.1 443.7 0.503
5400 328 409.3 0.508
6000 340.2 418.1 0.504

Table S5. Ratios of (E)-TPE-TPA calculated by RMN-*H during irradiation.

Time (s) Intensity (a.u.) (E)-isomer ratio
(E)-Peak (2)-Peak

0 - - 1.000
300 1000 183.7 0.914
600 928.9 262.1 0.844
900 887.1 3254 0.792
1200 806.2 373.1 0.740
1500 781.1 426.4 0.700
2100 693.9 487.2 0.636
2700 639.3 524.7 0.594
3300 626.4 570.8 0.566
3900 596.4 587.2 0.545
4500 545.3 574.3 0.527
5700 566 620.8 0.516
6900 538.7 612.8 0.506
8100 526.9 608.9 0.502
9300 540.7 623.3 0.503
11100 536.4 624.3 0.500
12900 544.4 630.4 0.502
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Table S6. Ratios of (Z)-DPB-TPA calculated by RMN-*H during irradiation.

Time (s) Intensity (a.u.) (2)-isomer ratio
(E)-Peak (2)-Peak

0 - - 1.000
120 65 816.7 0.915
240 98.9 735.6 0.864
360 129.2 682.5 0.819
480 154.7 638.8 0.780
600 162.4 540.4 0.740
900 205.5 487.7 0.670
1200 218.2 408 0.616
1500 251.7 403.5 0.579
1800 250.2 370.3 0.559
2400 244.1 282.9 0.498

Table S7. Ratios of (E)-DPB-TPA calculated by RMN-'H during irradiation.

Time (s) Intensity (a.u.) (E)-isomer ratio
(2)-Peak (E)-Peak

0 - - 1.000
120 65 816.7 0.915
240 98.9 735.6 0.864
360 129.2 682.5 0.819
480 154.7 638.8 0.780
600 162.4 540.4 0.740
900 205.5 487.7 0.670
1200 218.2 408 0.616
1500 251.7 403.5 0.579
1800 250.2 370.3 0.559
2400 244.1 282.9 0.498
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Comparison of the spectroscopic properties of the E and Z forms of other stereopure TPE derivatives
reported in previous literature, and associated references.
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Table S8. Absorption differences between (E) and (Z) isomers of stereopures TPE derivatives already described in the literature
(only some illustrating examples in case of no spectral differences).

Absorption of (E)- Absorption of (2)- Shift absorption

Compound ) ) Solvent Ref.
isomer (nm) isomer (nm) E-Z (cm™)

TPE-SA 440 440 0 DMSO 5
TPE-SB 290 290 0 THF 6
TPE-SC 332 332 0 THF 7
TPE-SD 304 305 108 THF 8
TPE-SE 345 347 167 EtOH °
TPE-SF 322 320 194 THF 8
TPE-TPA 370 361 674 THF 1
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