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Sample preparation

the materials are synthesized according to the procedure reported by Bedi et al.! Sample
solutions in acetonitrile were deaerated by purging with nitrogen for 20 min. The optical
density of the sample at the excitation wavelength of 400 nm was kept around 0.2 to 0.3. The
Transient absorption experiments were conducted in a 0.5 mm path-length rotating cell
equipped with 1 mm quartz windows. The optical cell has been rotated rapidly during
measurement in order to limit the photodecomposition. The absorption and emission spectra

are provided in Figure S1.

Transient absorption setup.

TA measurements were carried out on a 1 kHz repetition rate home-made multipass amplified
Ti-Saphire laser system. The fundamental was centred at 800 nm having pulse duration of 30
fs and 1 mJ pulse energy. The fundamental output was split in two. One portion pumped an
Optical Parametric Amplifiers (TOPAS, Light conversion) whose signal output was centered
at 1250 nm. A small fraction of the OPA output was focused on a 2 mm CaF flat to generate
a supercontinuum probe extending from 350 nm to 1000 nm. The other half was frequency
doubled in a 0.1 mm thick BBO crystal and separated from the fundamental by reflection from
3 dielectric high reflectors @ 400nm. Transmitted probe pulses were dispersed in an Acton
SP2150i imaging spectrograph onto a linear back thinned CCD camera (Entwicklungsbuero

Stresing). A chopper operating at 500 hz blocks half of the pump pulses, and difference

INP

absorption spectra (AOD) are obtained as AOD = log [I—j at each pump — probe delay which

P

is computer controlled by a precision optical delay. P and NP designate probe intensity in

presence and absence of a pump pulse respectively.



A 1/2) wave plate on the fundamental arm prior to frequency doubling controlled the relative
polarization of pump and probe fields. TA data was collected both in vertical and perpendicular
mutual pump-probe polarizations. From these the magic angle absorbance difference spectra

and its anisotropy were calculated as follows:

_ AODyy + 2A0Dyy r= AODyy— AODyy

AODya = —— ; =
MA 3 ’ AODyy + 2A0Dyy

At early time delays periodic modulations in the data were observed over a broad spectral
range. These were assigned to impulsively excited coherent vibrational wave packets, either in
the ground or excited state. The vibrational modulations were extracted as follows. A slowly
varying background was obtained by fitting time traces at each probe wavelength to a fourth
order polynomial, and then subtracted from the experimental data. This was performed from a
delay of 350 fs and onwards to avoid interference from the coherent artefact surrounding pump-
probe temporal overlap. The oscillating residual was Fourier transformed using an FFT

algorithm in LabView 2012 after the residual was zero padded to the data length times 16.

Computational methods

The geometries of the full size compounds were optimized using the range-separated functional
CAM-B3LYP? on the ground state (So), first excited (S1) and lowest triplet (T1) states with a
def2-SVP basis set as implemented in the Gaussian16 program package®. Vertical excitation
energies and oscillator strengths from So and S; states were calculated with Gaussian16, while
similar information concerning transitions from S;-S, was obtained using the Q-Chem 5.2*
program. Simulated absorption spectra were obtained by convolution with a 0.15 eV FWHM
Gaussian line-shape. Changes in the molecular structure upon So—S; excitation were resolved

in terms of Huang-Rhys factors (HRF) S;, dimensionless parameters defined as:



]
S, =—

where d; is a dimensionless displacement of the j*" normal mode. Bigger HRF corresponds to a
larger geometrical change along a certain normal mode. This analysis was performed using
MOMAP version 2020A software,>5:7:8:910

A smaller model that was reduced to an anthracene was used for the excited state relaxed
scan due to high computational demand. To this end, the energies are at the ADC(2)/cc-
pVDZ//ICAM-B3LYP/def2-SVP level of theory. The ab initio polarization propagator of the
second order in its resolution-of-the-identity formulation (RI-ADC(2))!* method was used from
Turbomole 7.3 program.*? For selected points of the relaxed scan the spin-orbit coupling matrix
element between S; and T states for the parent anthracene system (20 and 40 degrees twist)
were calculated using ORCA 4.2 program by NEVPT2* method. The underlying CASSCF
wave function has an active space of 12 electrons in 12 orbitals. The wave function was state

averaged for four singlet (So, S1, S2, and S3) and four triplet states (T, T2, T3, and Ta).



Absorption and pump spectra
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Figure S1: The absorption, emission and pump spectra of Ant-C0(A), Ant-C6 (B), Ant-C5
(C), Ant-C4 (D), Ant-C3 (E)



TA spectra and kinetics
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Figure S2: The transient absorption spectra (A) and time cuts (B) for Ant-C5 in

acetonitrile with magic-angle pump and probe polarizations. Same for Ant-C4 in

panels (C) and (D).
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Figure S3: The time cut of TA data near emission maximum and the mono exponential fit of
Ant-CO0 (A), Ant-C5 (B), Ant-C4 (C), Ant-C3 (D).
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Integrated difference spectra
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Figure S4: integrated time difference between 3ps and 400 fs for Ant-C0O (A), Ant-C5 (B),
Ant-C4 (C), Ant-C3 (D). The magic angle spectra was for the analysis.



Anisotropy and exponential fitting
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Figure S5: Anisotropy decay and its mono exponential fitting of Ant-C0(A), Ant-C6 (B), Ant-
C5 (C), Ant-C4 (D), Ant-C3 (E).



Coherent vibrations.

coherent modulations were isolated from slowly varying background signals for each
dispersed probe wavelength. After FFT the results were combined in a color coded 3
dimensional mapping where X- and Y-axes present wavelength in nm, and vibronic frequency
in cm™ respectively, and the Fourier power is color coded. Results obtained for Ant-C4 are
presented in Figure 3a. The vibrational coherence frequencies obtained can be assessed by
integrating the spectra along the pump wavelengths ranging from 420-500 nm where the
modulation activity is most intense. The resulting impulsive vibrational spectra are presented
in Figure 3b for VV and VH pump-probe experiments. Both spectra exhibit bands at 140, 180,
214, 310, 395, 405, 420, 488 and 520 cm™, cutoff above by time resolution along with an
intense solvent band at 379 cm™. Pure anthracene has Raman active vibrations at 242, 284,
391, 395, 477, and 519 cm™. Bands at 519, 395, and 391 are skeletal bends and CCC out of the
plane deformations.*® Despite similarity in frequencies, there is no one to one correlation with
the measured modulations, nor are the exact mode frequencies for the twistacenes themselves

known.

The map in Figure 3a helps to identify the electronic state upon which the vibrational wave
packets are generated. Our experiment primarily probes transmission changes in a wavelength
range dominated by absorption and emission from the excited state with only a marginal
coverage of the red end of ground state absorption. The appearance of low frequency vibronic
activity with structured pump wavelength dependence extending deep into the probe band is
consistent with it stemming from coherent wave-packet motions on the excited state. Care is
required in this assignment since extension of ground state Raman activity beyond the confines
of ground state absorption due to population of excited So vibrational levels is a common
theme.!® However given the low frequencies of the motions under study, such extensions will
be limited in range. Further support for this view comes from the variation of FFT intensity

9



with probe wavelength. As shown in Figure S6, the modulations at 180, 214, and 310 all have
a double peaked intensity pattern with a node in between at ~455 nm. These lobes appear to
coincide with vibronic maxima in the fluorescence spectrum, strengthening assignment to wave

packet motions on the directly photo-excited S;.

To see how tethering impacts these displaced low-frequency modes these modulations
must be compared on equal footing. This is complicated by solvent interference which varies
widely due to changes in concentration of the different samples. We chose as a scaling marker
the 310 cm-1 band appearing prominently in all spectra because of its obviously arising from
the excited state of the solute, its intensity and spectral isolation making it immune to beating
with nearby features, and its apparent insensitivity to changes in the tethering length.
Accordingly all spectra were scaled to produce an equal intensity in this band. This was
followed by the described procedure of Fourier analysis including integrating FFT power over
a probe wavelength range from 420-480 nm. Results are shown for marker normalized spectra
from all compounds in Figure 3c. One of the clearest changes is a systematic increase in the
intensity of broad low frequency bands which appear to blue shift and gain intensity with

tightening of the forced twisting.

10
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Figure S6: The spectra represent the variation of FFT power with the probe wavelength for

Ant-C4 for various vibrational frequency.

11



Displacement vector of the normal mode

Figure S7. Displacement vector of the normal mode at 10 cm™ (on the example of Ant-C3 system).
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Figure S8. Displacement vector of the normal mode at 61 cm™* (on the example of Ant-C3 system).
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Figure S9. Displacement vector of the normal mode at 100 cm™ (on the example of Ant-C3 system).

/\//s

Figure S10. Displacement vector of the normal mode at 1410 cm-1 (on the example of Ant-C3 system).
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CAM-B3LYP calculated excited state absorption (from S1 minimum) spectra
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Figure S11. CAM-B3LYP calculated excited state absorption (from S1 minimum) spectra of Ant-C3
(top) through Ant-C6 (bottom) compounds. The sticks represent transitions to higher electronic states

and their heights are scaled according to the oscillator strength.

Electron density difference

Figure S12. Electron density difference computed for A) S12-S; in Ant-C3 ; B) S13-S1 in Ant-C4; C)
S12-S1 in Ant-C5; D) S14-S1 in Ant-C6. Green color represents a positive and red color a negative

difference between the densities.
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Second derivative of the absorption and TA spectra
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Figure S13: Second derivative of the spectra for Ant-C0 (A), Ant-C5 (B) and Ant-C3 (C).
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The time cut near 600 nm and its mono exponential fitting
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Figure S14: The time cut near 600 nm and its mono exponential fitting of Ant-CO(A), Ant-C5
(B), Ant-C4 (C), Ant-C3 (D). The data were presented in magic angle polarisation.
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