Electronic Supplementary Material (ESI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2022

Supporting Information

Table of Contents

1. General Methods and Materials
2. Synthesis

3. Spectral Data

4. Absorption and Emission Spectra

5. References



1. General Methods and Materials

All solvents were purified before use. Toluene was distilled from CaH.. 1,1,3,3,5,5-
Hexamethyltrisiloxane were purchased from ABCR and used without purifications. Platinum(0)-
1,3-divinyl-1,1,3,3-tetramethyldisiloxane complex solution (in xylene, Pt-2%) was purchased
from Sigma-Aldrich. The reactions were monitored by thin-layer chromatography (TLC) using
Fluka silica gel (60 F 254) plates (0.25 mm). Visualization was made with UV light. IR spectra
were obtained using an IR spectrometer with a Fourier transformer Bruker “Tensor 37”
(Germany). The samples were prepared by pressing KBr pellets. *H, *C, °F and 2°Si NMR
spectra were recorded on a Bruker Avance 300 (300 MHz; Germany), Bruker Avance 400 (400
MHz; Germany) spectrometer. Chemical shifts are reported relative to chloroform (6=7.25 ppm)
for 'TH NMR and chloroform (5=77.00 ppm) for *C NMR. High-resolution mass spectra
(HRMS) were measured using a Bruker micrOTOF Il instrument with electrospray ionization
(ESI) (Germany). The absorption spectra were recorded on a Shimadzu UV-1900
spectrophotometer (Japan). The fluorescence spectra were measured on the Agilent Cary Eclipse
Fluorescence Spectrophotometer (USA). Spectroscopic grade solvents (Aldrich) were used in
UV-vis absorption and fluorescence measurements. Fluorescence quantum yields were
determined using fluorescein in 0.1 M NaOH in water and 9,10-diphenylanthracene in

cyclohexane as a references and calculated by the following equation:
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where @ is the QY, | is the integral intensity of the corrected fluorescence emission spectrum, A
is the absorbance at the excitation wavelength, n is the refractive index of the solvent.
Fluorescence decay curves were obtained with spectrofluorometer Fluotime 300 (Picoquant).
LDH-D-C-375 was used as excitation source (hex=375 nm). Data fitting was performed using
Easytau2 (Picoquant) software. The program is using the following model for multiexponential

fitting of experimental data:
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FWHM of instrument response function (IRF) is about 180 ps and determines manly by
detection system (laser pulse FWHM is about 40 ps). According to literaturel!l estimation for
exponential lifetimes in deconvolution procedure used is about 0.1 FWHW IRF the same
estimation is proposed by equipment manufacturer. Thus, in our case lifetime accuracy is about
20 ps and this is upper estimation. More precise experimental estimation may be performed

using the following method?. Two pump pulse profiles are measured, a length of time



corresponding to the time needed to collect an ordinary decay curve being allowed to elapse
between the two measurements. Deconvolution of one pump pulse profile with the other will
yield a "decay" time, which is a measure of the time resolution of the instrument. In our case
error obtained using this method is about 6 ps with about 10 minutes between measurements.

To choose appropriative number of exponential terms we have used criteria that 2 is in range
0.8 - 1.3B1 and uniformity of residuals distribution and auto-correlation function around zero. For
example, results of bi-, tri- and four exponential fitting of decay curve obtained at 420 nm for 5 a
in cyclohexane is presented in figure S69 the corresponding autocorrelation functions are
presented in figure S70.

Excitation energy transfer efficiency estimation

We have used three methods for estimation of excitation energy transfer efficiency ®er. The
detailed discussion on this topic can be found in literaturel*. In method 1 efficiency is estimated
using fluorescence lifetimes of donor in dyad and free state according to formula:

®er=KeT*tpA=KET/(KET+1/TD)=1-1D/TDA

where tpa — fluorescence lifetime of donor in dyad, o — fluorescence lifetime of free donor, ket
- rate constant of energy transfare.
In method 2 the same principle is utilized but donor fluorescence quantum yields are used for the
calculations:

Der=1-1p/1pA=1—(Kp"*10)/(KD *1DA)=1- DD/ DDA
where ®pa — fluorescence quantum yield of donor in dyad, ®p — fluorescence quantum yield of
free donor, ko' — radiation rate constant of donor.

It is worth to note that these two methods relay on fact that quenching of donor in excited
state is only due to the energy transfer. All excitation energy lost by donor will be received by
acceptor. In general, it is not always valid assumption. To more precisely estimate ®gr let
consider the following equation which describes integral fluorescence intensity of acceptor unit
when the system is excited at donor wavelength 375nm. In this case fluorescence arises due to
direct acceptor excitation and excitation through donor:

l375=D3758°P1PYx (D 3758OPIPY+ D 3750BMBF2) x | =D 475BOPIPY x (D 375BOPIPY 4 7 D75 PEMBF2) x |
where | — excitation light intensity, ®3755°P'"Y — BODIPY unit quantum yield upon excitation at
375 nm, ®475°°P'"Y — BODIPY unit quantum yield upon excitation at 475 nm, Ds7sE0PPY —
optical density at 375 nm related to BODIPY unit, ®375°BMBF2 _ optical density at 375 nm related
to DBMBF; unit. From this equation the following equation for ®et can be obtained.
(DET:((D37580DIPY>< (D37580DIPY_|_D375DBMBFZ))/((DMSBODIPY>< D375DBMBF2)_D37580DIPY/D375DBMBF2:

(®375BODIPYX(837SBODIPY+ 8375DBMBFZ))/(®475BODIPYX 8375DBMBFZ)_ 8375BODIPY/8375DBMBFZ



2. Synthesis

Allyl-DBMBF> (1 a). It was synthesized by the method described earlier by us.P!
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Allyl-DBMBF,-OCHs (1 b). It was synthesized by the method described earlier by us.[

General method for synthesis of DBMBF>-BODIPY dyads. (5 a,b).

A mixture of corresponding allyl-DBMBF2 1 a,b (0.001 mol), 1,1,3,3,5,5-hexamethyltrisiloxane
2 (1.042 g, 0.005 mol) and Karstedt catalyst (30 uL) in dry toluene (20 mL) was stirred at room
temperature for 24 h. After the reaction was complete a solvent and excess of 7 were removed by
rotor evaporator and the residue was dried in vacuo. The obtained hydride siloxane derivative of
DBMBF. 3 a,b was used in the next step without purification. A mixture of hydride siloxane
derivative of DBMBF; 3 a,b (0.524 g, 0.001 mol), meso-decene-BODIPY 4 (0.384 g, 0.001 mol)
and Karstedt catalyst (30 uL) in dry toluene (20 mL) was stirred at room temperature for 24 h.
After the reaction was complete a solvent was removed by rotor evaporator. The residue was
purified by flash chromatography on C18 silica with acetonitrile as an eluent. DBMBF»-
BODIPY dyads 5 a,b were obtained as an orange oil.

DBMBF2-BODIPY (5 a). Yield: 25 %. 'H NMR (300 MHz, CDCls): 4 0.02 (s, 6H, SiCHs), 0.05
g (s, 6H, SiCHs), 0.08 (s, 6H, SiCHa), 0.49-

SRR S P Ry, I 061 (m, 4H, SICHy), 127 (m, 12H, CH)
W@}l 1.39-1.65 (M, 4H, CH,), 1.67-1.74 (m, 2H,

" CHa), 2.36 (s, 6H, CHs), 2.48 (s, 6H, CH),

2.72 (t, 2H, J=7.3 Hz, CHz), 2.86 (M, 2H, CHy), 6.00 (s, 2H, BODIPY-CH), 7.16 (s, 1H,
COCHCO), 7.32 (d, 2H, J=7.9 Hz, Ar), 7.51 (t, 2H, J=7.4 Hz, Ar), 7.65 (t, 1H, J=7.2 Hz, Ar),
8.05 (d, 2H, J=8.0 Hz, Ar), 8.11 (d, 2H, J=7.6 Hz, Ar). 3C NMR (101 MHz, CDCly): § 0.15,
0.18, 1.3, 14.4, 16.2, 18.0, 18.2, 23.2, 24.9, 28.4, 29.3, 29.47, 29.53, 30.3, 31.8, 33.4, 39.7, 93.0,


https://en.wiktionary.org/wiki/%C2%B5l
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1215, 128.7, 129.0, 129.1, 129.3, 131.3, 132.0, 134.9, 140.3, 146.7, 151.6, 153.5, 182.3, 183.0.
1F NMR (376 MHz, CDCls) & -139.62 (21%, °B-F, DBMBF2), -139.69 (79%, B-F,
DBMBF,), -146.38-146.63 (m, BODIPY). 2°Si NMR (79 MHz, CDCls): ¢ -20.99, 6.96, 7.56. IR
(KBr, cm™): 3451, 2956, 2923, 2853, 1604, 1546, 1509, 1490, 1412, 1371, 1308, 1254, 1228,
1199, 1159, 1072, 1042, 984, 837, 795, 714, 687, 636, 597, 564, 519, 479, 418. HRMS (ESI)
m/z calcd. for C47HssNaB2FsN204Sis [(M+Na)*]: 929.4518, found 929.4513.

MeO-DBMBF2-BODIPY (5 b). Yield: 10 %. 'H NMR (400 MHz, CDCls): ¢ 0.01 (s, 6H, SiCHs),
0.04 (s, 6H, SiCHs), 0.07 (s, 6H, SiCHs),

0%
. H3C
. ;*Po,g,”?ofii“a I >, 0.49-0.52 (m, 2H, SiCHy), 0.55-0.59 (m,
we-¢ %" 2H, SICHy), 1.25 (m, 12H, CHy), 1.42-

" 149 (m, 2H, CHy), 1.54-1.62 (m, 2H,
CHy) 1.64-1.72 (m, 2H, CHy), 2.38 (s, 6H, CHs), 2.49 (s, 6H, CHs), 2.71 (t, 2H, J=7.6 Hz, CHy),
2.88 (M, 2H, CHy), 3.90 (s, 3H, OCHs), 6.01 (s, 2H, BODIPY-CH), 6.99 (d, 2H, J=9.0 Hz, Ar),
7.05 (s, 1H, COCHCO), 7.31 (d, 2H, J=8.3 Hz, Ar), 8.02 (d, 2H, J=8.3 Hz, Ar), 8.11 (d, 2H,
3=9.0 Hz, Ar). ®C NMR (101 MHz, CDCls): 6 0.17, 0.21, 1.3, 14.4, 16.3, 18.0, 18.2, 23.2, 25.0,
28.4,29.3, 29.4, 29.5, 29.6, 30.4, 31.8, 33.4, 39.7, 55.7, 92.1, 114.6, 121.5, 124.23, 128.8, 129.2,
1297, 131.38, 131.42, 140.3, 146.7, 150.9, 153.6, 165.5, 181.4, 181.6. 19F NMR (376 MHz,
CDCls) & -140.41 (21%, 1°B-F, DBMBF), -140.47 (79%, 'B-F, DBMBF>), -146.38-146.63 (m,
BODIPY). 2Si NMR (79 MHz, CDCls): ¢ -21.03, 6.96, 7.53. IR (KBr, cm™): 2956, 2924, 2854,
1639, 1608, 1549, 1500, 1466, 1413, 1373, 1311, 1252, 1200, 1177, 1162, 1043, 986, 842, 796,
712, 630, 613, 594, 553, 520, 478. HRMS (ESI) m/z calcd. for CasHoNaBoFsN2OsSis
[(M+Na)*]: 959.4624, found 959.4621.

1-(PropylIDBMBF,)-1,1,3,3,3-pentamethyldisiloxane (6 a). It was
synthesized by the method described earlier by us.[!
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1-(PropylIDBMBF2-OCHz)-1,1,3,3,3-pentamethyldisiloxane (6 b). It was synthesized by the

method described earlier by us.[®!
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3. Spectral Data
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Figure S1. *H NMR spectrum of 5 a in CDCls.
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Figure S2. 3C NMR spectrum of 5 a in CDCls.
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Figure S3. F NMR spectrum of 5 a in CDCls.
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Figure S4. 2°Si NMR spectrum of 5 a in CDCls.
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Figure S5. IR spectrum of 5 a.
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Figure S6. Mass-spectrum of 5 a.
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Figure S7. *H NMR spectrum of 5 b in CDCls.
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Figure S8. 3C NMR spectrum of 5 b in CDCls.
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Figure S9. F NMR spectrum of 5 b in CDCls.
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Figure S10. 2°Si NMR spectrum of 5 b in CDCls.
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Figure S11. IR spectrum of 5 b.
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Figure S12. Mass-spectrum of 5 b.




4. Absorption and Emission Spectra
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Figure S13. Normalized UV-visible absorption and emission spectra of 6 a in cyclohexane (¢ =

1 x 105 M) at room temperature.
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Figure S14. Normalized UV-visible absorption and emission spectra of 6 a in dichloromethane
(c=1 x 10 M) at room temperature.4
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Figure S15. Normalized UV-visible absorption and emission spectra of 6 a in toluene (¢ =1 x

10% M) at room temperature.
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Figure S16. Normalized UV-visible absorption and emission spectra of 6 a in ethanol (c =1 x

10® M) at room temperature.
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Figure S17. Normalized UV-visible absorption and emission spectra of 6 b in cyclohexane (¢ =

1 x 10°% M) at room temperature.
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Figure S18. Normalized UV-visible absorption and emission spectra of 6 b in dichloromethane

(c=1 x 10 M) at room temperature.
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Figure S19. Normalized UV-visible absorption and emission spectra of 6 b in toluene (c =1 x

10° M) at room temperature.
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Figure S20. Normalized UV-visible absorption and emission spectra of 6 b in ethanol (c =1 x

10® M) at room temperature.
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Figure S21. Normalized UV-visible absorption and emission spectra of 4 in cyclohexane (c = 1

x 10% M) at room temperature.
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Figure S22. Normalized UV-visible absorption and excitation spectra of 4 in cyclohexane (¢ = 1

x 10% M) at room temperature.
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Figure S23. Emission spectra of 4 in cyclohexane at different excitation wavelengths (375, 410

and 475 nm) at room temperature.
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Figure S24. Normalized UV-visible absorption and emission spectra of 4 in dichloromethane (c

=1 x 10% M) at room temperature.
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Figure S25. Normalized UV-visible absorption and excitation spectra of 4 in dichloromethane (c

=1 x 10% M) at room temperature.
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Figure S26. Emission spectra of 4 in dichloromethane (c = 1 x 10 M) at different excitation

wavelengths (375, 410 and 475 nm) at room temperature.
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Figure S27. Normalized UV-visible absorption and emission spectra of 4 in toluene (c =1 x 107

M) at room temperature.
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Figure S28. Normalized UV-visible absorption and excitation spectra of 4 in toluene (c=1 x 10

® M) at room temperature.
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Figure S29. Emission spectra of 4 in toluene (c = 1 x 10 M) at different excitation wavelengths
(375, 410 and 475 nm) at room temperature.
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Figure S30. Normalized UV-visible absorption and emission spectra of 4 in ethanol (c =1 x 10

M) at room temperature.
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Figure S31. Normalized UV-visible absorption and excitation spectra of 4 in ethanol (c=1 x 10

® M) at room temperature.
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Figure S32. Emission spectra of 4 in ethanol (c = 1 x 10 M) at different excitation wavelengths

(375, 410 and 475 nm) at room temperature.
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Figure S33. Normalized UV-visible absorption and emission spectra of 5 a in cyclohexane (¢ =
1 x 10" M) at room temperature. Excitation at 375 nm.
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Figure S34. Normalized UV-visible absorption and excitation spectra of 5 a in cyclohexane (c =

1 x 10% M) at room temperature.



O O CHy
1.0 " - 1.0
. . 4 (Abs)
P 5 a (Abs)
. e : —5a (Em)
© 0.8 R = = = 6a(Abs) - 0.8
o : -: === 6a(Em) >
S Do 2
o ' ' Cyclohexane 3}
2 0.6 ' ' - 06 =
< h . 5
b A\ I~
N : ] . <
ks 4 . ¥ . L IS
g 04 h 1 . 0.4 S
5 Y S g
z ' 4 .
021 | . . | | - 0.2
0.0 —— - — | 0.0

— T LA L
250 300 350 400 450 500 550 600 650 700
Wavelength (nm)

Figure S35. Normalized UV-visible absorption and emission spectra of 4, 5 a and 6 a in
cyclohexane (c = 1 x 10°® M) at room temperature.
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Figure S36. Emission spectra of 5 a in cyclohexane at different excitation wavelengths (375,

410 and 475 nm) at room temperature.
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Figure S39. Normalized UV-visible absorption and emission spectra of 4, 5 a and 6 a in

dichloromethane (c = 1 x 10 M) at room temperature.
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Figure S40. Emission spectra of 5 a in dichloromethane (c = 1 x 10 M) at different excitation

wavelengths (375, 410 and 475 nm) at room temperature.
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Figure S41. Normalized UV-visible absorption and emission spectra of 5 a in toluene (¢ =1 x
10% M) at room temperature. Excitation at 375 nm.
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Figure S42. Normalized UV-visible absorption and excitation spectra of 5 a in toluene (¢ = 1 x

10° M) at room temperature.
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Figure S43. Normalized UV-visible absorption and emission spectra of 4, 5 a and 6 a in toluene

(c=1 x 10 M) at room temperature.
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Figure S44. Emission spectra of 5 a in toluene (c = 1 x 10® M) at different excitation

wavelengths (375, 410 and 475 nm) at room temperature.
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Figure S45. Normalized UV-visible absorption and emission spectra of 5 a in ethanol (c =1 x

10% M) at room temperature. Excitation at 375 nm.
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Figure S46. Normalized UV-visible absorption and excitation spectra of 5 a in ethanol (¢ =1 x

10° M) at room temperature.
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Figure S47. Normalized UV-visible absorption and emission spectra of 4, 5 a and 6 a in ethanol

(c=1 x 10 M) at room temperature.

12000 o
= Em (Ex375)
~ 10000 —— Em (Ex410)
=1 — Em (EX475)
8
2
‘» 8000 + Ethanol
c
g
£
c 6000
o
‘0
2
£ 4000
2000
0 [\\L_\ T y T T T y 1
400 450 500 550 600 650 700

Wavelength (nm)

Figure S48. Emission spectra of 5 a in ethanol (c = 1 x 10® M) at different excitation

wavelengths (375, 410 and 475 nm) at room temperature.
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Figure S49. Normalized UV-visible absorption and emission spectra of 5 b in cyclohexane (¢ =

1 x 10" M) at room temperature. Excitation at 375 nm.
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Figure S50. Normalized UV-visible absorption and excitation spectra of 5 b in cyclohexane (c =

1 x 10% M) at room temperature.
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Figure S52. Emission spectra of 5 b in cyclohexane (c = 1 x 10® M) at different excitation

wavelengths (375, 410 and 475 nm) at room temperature.
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Figure S53. Normalized UV-visible absorption and emission spectra of 5 b in dichloromethane

(c=1 x 10 M) at room temperature. Excitation at 375 nm.
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(c=1 x 10" M) at room temperature.
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Figure S55. Normalized UV-visible absorption and emission spectra of 4, 5 b and 6 b in

dichloromethane (c = 1 x 10 M) at room temperature.
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Figure S56. Emission spectra of 5 b in dichloromethane (c = 1 x 10® M) at different excitation

wavelengths (375, 410 and 475 nm) at room temperature.
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Figure S57. Normalized UV-visible absorption and emission spectra of 5 b in toluene (c =1 x

10% M) at room temperature. Excitation at 375 nm.

- Abs4
== Abs5b
Ex 5 b (505 nm)
1.0 ci Ex5b (550 nm) | 10
0.8 0.8
3 Toluene c
- g
Q 8
@ 0.6 - 06 ¢
£ L
< ©
? 8
s S
G _ N
£ 0.4 0.4 %
%’ 4
0.2 H 0.2
0.0 T T et T T T 0.0
250 300 350 400 450 500 550 600 650
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10® M) at room temperature.
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Figure S59. Normalized UV-visible absorption and emission spectra of 4, 5 b and 6 b in toluene

(c=1 x 10 M) at room temperature.
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Figure S60. Emission spectra of 5 b in toluene (c = 1 x 10% M) at different excitation

wavelengths (375, 410 and 475 nm) at room temperature.
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Figure S61. Normalized UV-visible absorption and emission spectra of 5 b in ethanol (c =1 x

10% M) at room temperature. Excitation at 375 nm.
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Figure S62. Normalized UV-visible absorption and excitation spectra of 5 b in ethanol (¢ =1 x

10® M) at room temperature.



1.0 4 -1.0
. 4 (Abs)
R =5 b (Abs)
' =5 b (Em)
= == 6b(Abs) 0.8
) R
§ 6 b (Em) >
3 %)
° Ethanol S
0 F0.6 €
o) -—
< S
: g
N ©
© L IS
£ 0.4 S
o =z
=z
0.2
1 1 0.0

L T T T T T L B
250 300 350 400 450 500 550 600 650 700

Wavelength (nm)

Figure S63. Normalized UV-visible absorption and emission spectra of 4, 5 b and 6 b in ethanol

(c=1 x 10 M) at room temperature.
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Figure S64. Emission spectra of 5 b in ethanol (¢ = 1 x 10® M) at different excitation

wavelengths (375, 410 and 475 nm) at room temperature.



a) b)
12 104
10
8 81
6 - 6
7 0
c c 44
o 2- o
< <
< 04 < 5]
24
04
-4
-6 - 2 4
-8
T T T T T T T 1 -4 T T T T T T T
350 400 450 500 550 600 650 700 750 350 400 450 500 550 600 650 700
A (nm) A (nm)
0) N d) A
8 - A, 10 4 —o—A,
. A ] A,
I\ v A
6 I\ ‘ 8 A
| e
[ 6
4 [
0 I 0
z P e z
o | A\ O 44
< 2 |/ LS =3
< ERNE ) <
s k\:\‘ 24
04 ‘VVVWVV
2 vf
T T T T T T T ’2 T T T T T T T 1
350 400 450 500 550 600 650 700 350 400 450 500 550 600 650 700 750

A (nm) A (nm)

Figure S65. Amplitudes of exponential terms A1 — A4 with corresponding lifetimes 11 - 1
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Figure S66. Amplitudes of exponential terms A1 — A4 with corresponding lifetimes 11 - 1
obtained from four exponential global fitting of fluorescence decays obtained for 5 b in the range
of 380-700 nm with step of 10 nm (Aexc = 375 nm) in (a) — dichloromethane; (b) — ethanol; (c) —

toluene; (d) — cyclohexane.



a) =
800 e
A —A—|
700 A 3
/\ R
600 A\
|
| |
500 w
| 4
2 4004
c | \
) [
< 300 [ A
\\
A
200 \ \
A
\
100 A\A
Vvvv
0 M 1alEittesesenses
-100 T T T T T T T 1
350 400 450 500 550 600 650 700 750
A (nm)
JR |
c) t
|2
500 - . Al
| v,
400 [
g
— 300 |\
2 [
=4 i \
§ 4
[ \e
100 * \'
| ¥
0 ‘Mmﬂm“m
T T T Y
350 400 450 500 550 600 650 700 750

A (nm)

b)

800

700

600

500

400

I (kCnts)

300

200

100

04

=1

+|2
+|3
‘4\ e
[
|
|
| 4
[\
[
\ A
.
| \
\x
VVA\A\AA
BTP94 4 35 TV,

-100
350

d)

800

600

400

I (kCnts)

200

04

T T T T T T
450 500 550 600 650 700

A (nm)

350

T T T T T T 1
450 500 550 600 650 700 750
A (nm)

Figure S67. Fraction of intensity in steady state spectra I — 14 with corresponding lifetimes 1 - 14
obtained from four exponential global fitting of fluorescence decays obtained for 5 a in the range
of 380-700 nm with step of 10 nm (Aexc = 375 nm) in (a) — dichloromethane; (b) — ethanol; (c) —

toluene; (d) — cyclohexane.
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Figure S68. Fraction of intensity in steady state spectra I1— ls with corresponding lifetimes t1 - 14

obtained from four exponential global fitting of fluorescence decays obtained for 5 b in the range
of 380-700 nm with step of 10 nm (Aexc = 375 nm) in (a) — dichloromethane; (b) — ethanol; (c) —

toluene; (d) — cyclohexane.
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Figure S69. Comparison of (a) - biexponential ¥?=4.69, (b) — triexponential ¥?>=1.42 and (c) -

four exponential ¥?=1.1 fitting of decay curve obtained in for 5 a in cyclohexane (hexc = 375 nm).
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Figure S70. Comparison of autocorrelation functions of (a) - biexponential ¥*=4.69, (b) —
triexponential ¥?=1.42 and (c) - four exponential ¥?=1.116 fitting of decay curve obtained in for 5
a in cyclohexane (Aexc = 375 nm).
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