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1. Polarization dependence of AA signal probed at 440 nm.

When the DMT is probed at 440 nm (Fig. S1) and polarizations between the pump and
probe beams are parallel or perpendicular to each other, apart from the long-lasting permanent

AA signal, the short-lived component appears.
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Fig. S1 The real-time trace of AA of PSS monitored at 440 nm following a 430 nm excitation at

various relative polarizations of the pump with respect to the probe - blue line: parallel, red line: 90°,

black line: magic angle.

This component is not present in the real-time trace of AA signal recorded at a magic
angle between pump and probe at which the orientational dynamics do not impact the AA

signal. It means that the short-lived component must represent orientational dynamics

occurring upon excitation. From parallel A4 and perpendicular Ay real-time traces of AA

signal we can calculate time-resolved anisotropy changes according to eq. S1:
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The calculated anisotropy is shown in the inset of Fig. 4 and features single-exponential decay
with a time constant of 14.4 + 0.6 ps and represents orientational decay time. The 14.4 + 0.6
ps time constant is distinctly longer than that of S; lifetime (600 + 40 fs) suggesting that the
orientational dynamics is much longer than both relaxation processes occurring from S; state:

S;— Sy nonradiative relaxation in CRI and the ring-opening reaction.
2. Electronic excitations of CRI

Table 1. Excitation energies and the oscillator strengths of the first 10 electronically excited
singlet states of the closed ring isomer of DMT calculated at TD-DFT (PBE0-D3/def2-SVP)
level. The NTO HOMO and LUMO of DMT closed isomer are also shown.

Excitation | Excitation | Oscillator
energy energy strength

(eV) (nm)

2.90 427 0.09

3.99 310 0.03

4.64 267 0.03

4.66 266 0.04

4.89 253 0.01

5.16 240 0.05 '

5.21 238 0.06 é"

5.58 222 0.01 ‘

5.78 214 0.01 q‘;\/‘j*-'?//f/

5.86 212 0.00 {0 f
LUMO

3. Energy gaps between the ground state of DMT and S, and S; excited states.
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Fig. S2 The energy gap between the ground state of DMT and S2 excited state The energy gap
between the ground state of DMT and S2 excited state.
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Fig. S3. The energy gap between the ground state of DMT and S; excited state in each of
the trajectories.

4. The vibrational modes that can drive the DMT molecule from the Franck-Condon
region towards CI.

To investigate vibrational modes able to drive DMT molecule from the Franck-Condon

region the vibrational spectrum of DMT in the ground state has been calculated at PBEO-



D3(BJ)/def2-SVP level. As DMT nearby CI is characterized by open-like geometry the
substantial change of reactive C-C bond length during the vibration is a criterion for the modes
that can drive DMT molecule towards CI. In Fig. S4 several of these vibrations are shown

together with atom displacement vectors.

1404 cm! (52)

1700 cm™ (660)
Fig. S4 Vibrational modes of DMT that can potentially drive the molecule towards the CI. The

values in brackets indicate relative Raman activity.

5. The ground state minimum of CRI
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H -4.1701846300 3.9579935100 0.2645231200
H -2.6964901600 4.5181710700 1.2909259800
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7. Computational details

The quantum dynamics simulation was performed using the Gaussian09! software paired with
Newton-X2. At PBE0-D33/def2-SVP* level the structure of the CRI was optimized and normal
modes were generated. Using the uncorrelated quantum harmonic oscillator distribution model,
29 trajectories were initiated in S; state and TD-DFT(PBEO-D3)/def2-SVP dynamics study
involving four electronic states (S, S;, S, and S3) was performed using a 0.5 fs time step. To
account for nonadiabatic effects, the surface hopping method employing Tully’s fewest
switches algorithm® was used. Only nonadiabatic couplings between states S;. S, and S; were
computed due to the unreliability of TD-DFT couplings for the ground state.® No surface hops
appeared throughout the simulation. Trajectories were analyzed using VMD software, up to
the gap value of 0.1 eV, before the CI is reached, according to recommendations of Barbatti’

and Prlj®.
8. Experimental set-up

Transient absorption (TA) measurements were performed employing femtosecond laser set-up.
In this set-up Ti:sapphire oscillator (Tsunami, Spectra-Physics, 82 MHz, 800 nm, pulse
duration < 100 fs) is pumped by diode laser (Millennia Pro, Spectra-Physics, 532 nm, 5 W)
and amplified using regenerative amplifier (Spitfire ACE, Spectra-Physics, 1 kHz, output
power: 4 W). The output from the amplifier is used to pump two optical parametric amplifiers
(OPA) (Topas Prime, Light Conversion). The pulse duration in the sample position was 150 fs
as measured by the cross-correlation method. The pump and probe pulse energies in TA
experiments were set to be ~120 nJ and 20 nJ, respectively. The DMT solution in the PSS for
TA experiments has been prepared by dissolving a powder of ORI in hexane in a concentration
of 1.52 mM and its further irradiation using the output from OPA (300 nm, 15 pJ) performed
until no spectral changes were detected. During TA measurements the solution was circulated
in a flow cell of 630 um path length using a peristaltic pump (Gilson, Minipulse 3) to assure

that the sample is refreshed between laser shots.

9. Determination of time constant of internal conversion 1;c and ring opening 7,



The markedly short time (below 200 fs) that it takes for the molecule in the simulation to
relax from FC state to CI, points to the following interpretation of the results shown in Fig. 3:
the probing at wavelengths 700 and 750 nm (possibly corresponding to the S; — S; excitation,
see Table 1) with time constants 340 + 20 fs and 190 + 10 fs, respectively, illustrates the first
part of the relaxation process, i.e. the molecule traveling from FC to CI, while probing at 595
nm encompasses the full relaxation until the molecule reaches the ground state of ORI or CRI
with a time constant 7,,=590 fs. Assuming the shortest measured time (190 fs) as the time
constant of the FC to Cl relaxation, z¢;, in the absence of competing processes, one can estimate
the time constant of the relaxation from CI to either the Sy of ORI or CRI as 7;=7,,~7cr. Then,

the kinetics occurring at CI can be described by equation (1):

1 1 1
—=—+—(1)
1 Tice T

where 7;¢ 1s the time constant of IC, and 7, represents the time constant of cycloreversion
reaction. In a separate experiment, we have measured the quantum yield of the ring opening
%o upon illumination by femtosecond pulses in our set-up (100 fs, 430 nm) to be 0.7. Using this

value and the relationship between %o and rate constants of internal conversion k;c and ring

opening k, (2) t, and tic are calculated to be 1 ps and 430 fs.
1

ko To Tl

_k0+klc_1+ 1 1,

Po

To Tic (2)



Q
N
()}

O
—_—

»
N
o

16 ©
o Qo
s )
% = = k)
[} © =
< 2] X - -
c Q o o c
= 3] = = - O
i . © = hexane acetonitryle 3% =
‘o_ hexane acetonitryle c oy 1=7.0 + 0.4 ps 1=1.7+0.1ps <<(1 (%
X ERe 20 ps] et BUEE || = ©,=262+81ps [[,=183+22ps| = =
. 3
4
0 -0 Ope -0
pump: 570 nm probe: 700 nm pump: 570 nm probe: 700 nm
0 Delay time (ps) 80 0 Delay time (ps) 100
C 40 ESUE 20 d35
o
o o -150
= = 3
(0] 5= x
P = %) L)
e £ = =
= 0} (= v =
= [&] S (@ i =
) @ 10 z .9
o) - S ! hexane acetonitryle X o
hes hexane acetonitryle o <>(< { §t=0.34 £ 0.02 ps | [t=0.33+0.03 ps 5 =
<<t1: 1=2.7+01ps| [t=1.2 £0.1ps = 3 | c
x
\\\ <
J <
0- ~7 O 0'
pump: 520 nm probe: 700 nm

0 Delay time (ps) 30 0 Delay time (ps) 10

Fig. S5. Transient absorption signals of PSSs of (a) 1,2-Bis(2,4-dimethyl-5-phenyl-3-
thienyl)hexafluorocyclopentene (DMP, ¢c=0.8 mM), (b) 1,2-bis(2-ethyl-5-phenyl-
3thienyl)perfluorocyclopentene (DET, 1.7 mM) , (¢) 1,2-Bis(2-butyl-1-benzofuran-3-
yl)hexafluorocyclopentene (DBU, c=1.6 mM) , (d) 1,2-bis(3,5-dimethylthiophen-2-
yl)hexafluorocyclopentene (DMT, c=1.6 mM). The PSSs have been prepared by the same
procedure as described for DMT in the experimental section (section 7 of ESI). The pump
and probe pulse energies were set to 140 nJ and 20 nJ in each case, cell path length was 630

um. The blue lines are single or double exponential fittings of the AA signals.
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Fig. S6 Time-traces of AA signal of DMT in PSS monitored at 500 nm. The blue lines are
single or double exponential fittings of the AA signals. In both cases, the AA signal reaches
constant negative value because a certain portion of CRI molecules is permanently converted

into ORI.
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