Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2020

Supporting Information for:

The effect of solvent polarity and macromolecular
crowding on the viscosity sensitivity of a molecular rotor
BODIPY-C,,

Artiras Polita,®t Stepas Toliautas, ® Rokas Zvirblis,2 and Aurimas Vy$niauskasa*

a. Center of Physical Sciences and Technology, Saulétekio av. 3, Vilnius, LT-10257, Lithuania. E-
mail: aurimas.vysniauskas@ftmc.lt.

b. Institute of Chemical Physics, Faculty of Physics, Vilnius University, Saulétekio av. 9-lll, LT-
10222 Vilnius, Lithuania.

t Current address: Aarhus University, Department of Chemistry, Langelandsgade 140, Aarhus C,
8000, Denmark.

S1



Additional data

A
0.144 Bis 5
0.12{ o 029 £
kel ot Q
;__J 0.10+ 0.27 _§
£ 0.084 025
2 o a
S 0-05-: °« ° o 02 §
g 0.04 o oe¢ 01 &
Q < ® ' S
0.02{ © 00 5
05 10 15 20 25
Viscosity (cP)
B
o 08 g 0.164 03 5
3 " 3
30 & ¢ 029 £ 029 £
o 0.14 . a
- o 027 3 027 3
5 -1 o = TA —
z ® 025 ¢ g0127 ° 0.25 g
£ 2.04e % o@ 02 € x" & - 02 §
® ® el 010-‘ e® 1) @ =
1.5 ° 01 £ 01 £
00 = 0.084 © * Moo £
o — : : i) g W8 : : . Y 0O
05 10 15 20 25 05 10 15 20 25
Viscosity (cP) Viscosity (cP)

Figure S1. Fluorescence quantum yields (A), non-radiative (B) and radiative (C) decay constants of
BODIPY-C, in organic solvents. The data points are coloured according to the orientational
polarisability (4f) of solvents, which represents the polarity of a solvent and it is defined in Methods
and Materials section, main text. BODIPY-C,4 has the lowest quantum vyields in solvents with high Af,
which agrees well with the short fluorescence lifetimes observed in such solvents (Figure 2C, main
text). Both short lifetimes and low quantum vyields are the result of faster non-radiative decay
constants in high Af solvents (C). Since the radiative decay constants are slower by a factor of (120
on average, they have minimal influence in determining the variation of quantum yields and
fluorescence lifetimes of BODIPY-C;, in different solvents.
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Figure S2. Potential energy curves for the first excited state of BODIPY derivatives calculated by TD-
DFT. The results are shown for two shortened variants of BODIPY-C,,: with a methyl group, and with
an n-butyl group instead of the n-decane group in BODIPY-Cy,. The energy curves are almost

identical, which means that shortening carbon chain of BODIPY-C,, for faster computation does not
significantly impact the results.
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Figure S3. Potential energy curves for the first excited state of BODIPY-C,, calculated by TD-DFT. The
calculations were performed using solvent models of toluene and DMF. The calculations produce an
energy barrier at 25°, which needs to be overcome for the fluorophore to relax non-radiatively. The
theoretically obtained energy barrier is greater in the case of DMF, which does not agree well with
experimental results: the fluorescence lifetime of BODIPY-Cy, is significantly lower in DMF, whereas

the higher barrier alone would likely produce the opposite. Therefore, the existence of factors not
accounted for in this model cannot be ruled out.

S3



Toluene B 70% M-G

0.0 0.0
'0.2" -0‘2
R i s
o -0.64 &)
e O -0.61
£, 10:5H 50 ps E 0.8
% 10 100 ps g =
—— 200 ps 10
A 2 o 1.0
A.4- —— 1000 ps 42 .
500 520 540 560 580 600 500 520 540 560 580 600
Wavelength (nm) Wavelength (nm)

Figure S4. Transient absorption spectra of BODIPY-C,, in toluene (A) and 70% glycerol-methanol
mixture (v/v%) (B). Compared to data in methanol (Figure 3, main text), spectra in both non-polar
(toluene) and viscous (70% glycerol-methanol) solvents decay slower.

sS4



A Component 1 B Component 2

0.0
w
<DE 3 .24 Toluene | =
< : { 0% M-G <
30% M-G
3 — 40% M-G 3
}—50% M-G
-0.44 60% M-G
:70% M-G
500 520 540 560 580 600 500 520 540 560 580 600
C Wavelength (nm) D Wavelength (nm)
w
<
L

A (AU

500 520 540 560 580 600 500 520 540 560 580 600
Wavelength (nm) Wavelength (nm)

Figure S5. Decay associated (DAS) and evolution associated spectra (EAS) resulting from a global
analysis of transient absorption data of BODIPY-C,,. The data were fitted using two exponential
components except for 70% glycerol-methanol data where a single component was sufficient. DAS
shows wavelength-dependence of amplitudes of both exponential components (top panel). Both
components were normalized with respect to the intensity of Component 2 to account for the
variation of the intensity of the transient absorption signal. The lower panel (C, D) shows EAS, which
hw T T
are the result of the sequential kinetic scheme: 5075151750, The first EAS component (C)
corresponds to the transient absorption spectra of species in a state S’;, which is the state the
fluorophore is in immediately after excitation. The second EAS component (D) corresponds to the

spectra of partially relaxed species S;, which then decays back to the ground state.
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