Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2022

Supporting Information

BODIPY-pyrene donor-acceptor sensitizers for
triplet-triplet annihilation upconversion: the impact
of BODIPY-core on upconversion efficiency

Natalia Kiseleva, Mikhail A. Filatov,” Jan C. Fischer,® Milian Kaiser,> Marius Jakoby,® Dmitry

Busko,? lan A. Howard,*° Bryce S. Richards,®® Andrey Turshatov?

& Institute of Microstructure Technology, Karlsruhe Institute of Technology, Hermann-von-

Helmholtz-Platz 1, 76344, Eggenstein-Leopoldshofen, Germany

b School of Chemical and Pharmaceutical Sciences, Technological University Dublin, City

Campus, Kevin Street, Dublin 8, Ireland

¢ Light Technology Institute, Karlsruhe Institute of Technology, Engesserstrasse 13, 76131

Karlsruhe, Germany.



a T T T T T T T T T T T ]
( )1 L m 640-740nm (b)1 L s 610-690nm =
—_ — Exp.fit(=33ns)3 __ 2 ® 520-550nm 3
] u : —- L ]
% 0.1E n g 01L ¥ Exp. fit (=4.6 ns)_E
e [ < F ] ]
= ] = F
% 0.01 - % 001 T .
k= H = b
g 0001 F i g 0001 3
1E-4 | . L L ) 1E-4 ‘ | - 1 L | s | , 1 -l..
-10 0 10 20 30 40 50 -10 0 10 20 30 40 0
Time, ns Time (ns)
(c) L T T T T T T T T T T T T ] (d) T T T T T T T T T ]
1F * 560-620nm < 1E R 600-640nm <
—_ g S N 510-530nm ] ~ : ~ 540-560nm E
. ) 4 ~ -— - - 4
g o1 L N — Exp.fit(r=56 ns)_; % 01L - Exp. fit (1=6.7 ns)_E
£ N j < ~ E
= - LN ] = .
@ 001 SN 4 2 001 -
S : M 18 . ~
= [ ",\ '{,‘ £ ~
— L -
g 0001 ¢ " g8 g 0001
F -hay ols 1 L ]
1E-4 E 1 o 1 ' | R 1 . | L 1 L3 1E4 1 L | L 1 s 1 L | L 1 P
-10 0 10 20 30 40 50 -10 0 10 20 30 40 50
Time, ns Time, ns

Figure S1. Photoluminescence decays of the BPD1 (a), BPD2 (b), BPD3 (c) and BPD4 (d) in DCM,

measured with a streak camera in two spectral ranges (540-560 nm and 600-640 nm). Excitation - 355 nm.

All dyads demonstrate mono exponential decays with no changes in decay time over the whole emission
range. The decay time of BPD1 (3.3 ns) corresponds to the CT-state. In case of BPD2 local excited (LE)
and CT states are coupled and demonstrate similar decay time (4.6 ns). The decay time increases from 3.3
ns to 6.7 ns with increasing the number of alkyl group in BODIPY scaffold.
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Figure S2. Photoluminescence decays of the BPD1 (a), BPD2 (b), BPD3 (c) and BPD4 (d) in THF,
measured with a streak camera in different spectral ranges. Excitation - 355 nm.

The decay time of BPD1 (4 ns) corresponds to the CT-state. In case of BPD2 local excited (LE) and CT
states demonstrate slightly different decay time (7.4 ns and 6.6 ns, respectively). The decay time increases
from 4 ns to 11.2 ns with increasing the number of alkyl group in BODIPY scaffold.
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Figure S3. Transient absorption spectra of BPD1 in DCM (concentration 10* M); (b) decay of the peak at
520 nm corresponding to the ground state bleaching of the BODIPY unit. BPD1 in DCM (concentration
10 M); (c) decays of the peak at 505 nm corresponding to the ground state bleaching of the BODIPY unit
at different ratio between BPD1 and perylene. BPD1 in DCM (concentration 10 M). Concentrations of

perylene - 5x107; 1x10; 5x107¢; 1x10° M.,
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Figure S4. Transient absorption spectra of BPD1 in THF (concentration 10 M); (b) decay of the peak at
520 nm corresponding to the ground state bleaching of the BODIPY unit. BPD1 in THF (concentration
104 M); (c) decays of the peak at 505 nm corresponding to the ground state bleaching of the BODIPY unit
at different ratio between BPD1 and perylene. BPD1 in THF (concentration 10* M). Concentrations of
perylene - 5x107; 1x10; 5x107¢; 1x10° M.,
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Figure S5. Transient absorption spectra of BPD2 in DCM (concentration 10* M); (b) decay of the peak at
520 nm corresponding to the ground state bleaching of the BODIPY unit. BPD2 in DCM (concentration
10 M); (c) decays of the peak at 505 nm corresponding to the ground state bleaching of the BODIPY unit
at different ratio between BPD2 and perylene. BPD2 in DCM (concentration 104 M). Concentrations of

perylene - 5x107; 1x10¢; 5x10°%; 1x10° M.
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Figure S6. Normalized decays of UC PL of BPD1(Cgpp1= 1x10° M)-perylene mixture (1:10 molar ratio)
under excitation with the 525 nm laser diode in deoxygenated DCM. Excitation intensities were measured

in the steady-state excitation regime (without the laser modulation).
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Figure S7. Normalized decays of UC PL of BPD1(Cgpp1= 1x10° M)-perylene mixture (1:10 molar ratio)
under excitation with the 525 nm laser diode in deoxygenated THF. Excitation intensities were measured

in the steady-state excitation regime (without the laser modulation).
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Figure S8. Normalized decays of UC PL of BPD2(Cgppz= 1x10° M)-perylene mixture (1:10 molar ratio)
under excitation with the 525 nm laser diode in deoxygenated DCM. Excitation intensities were measured

in the steady-state excitation regime (without the laser modulation).
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Figure S9. (a) A intensity dependence of UC luminescence of the BPD1(Cgppi= 1x10° M)-perylene
mixture (1:10 molar ratio) under excitation with the 498 nm laser diode in deoxygenated DCM; (b)
Normalized UC luminescence (UC Intensity/Excitation Intensity) as a function of excitation intensity of
the BPD1(Cgpp1= 1x10°°> M)-perylene mixture (1:10 molar ratio) under excitation with the 498 nm laser

diode in deoxygenated DCM. It was assumed that values of ¢y > 0.5x¢%* can be relevant for
practical applications. Thus, the value of excitation intensity corresponding to ¢y¢ = 0.5x@ v

was used as the I, value.
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Figure S10. (a) A intensity dependence of UC PL of BPD2(Cgpp1= 1x10° M)-perylene mixture (1:10 molar
ratio) under excitation with the 498 nm laser diode in deoxygenated DCM; (b) Normalized UC
luminescence (UC Intensity/Excitation Intensity) as a function of excitation intensity of BPD2(Cgpp2=

1x10° M)-perylene mixture (1:10 molar ratio) under excitation with the 498 nm laser diode in
deoxygenated DCM. It was assumed that values of ¢y > 0.5x¢¥* can be relevant for practical
applications. Thus, the value of excitation intensity corresponding to ¢y = 0.5x¢[#* was used

as the I;;, values.



