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S1 Experimental Details

S1.1 Synthesis and characterisation

The synthetic route of the phenothiazine and phenothiazine 5,5-dioxide functionalized asymmetric D-A-D’ (PT-
CARs, PT-CAR, PT-PT’, PT-DMA, and PTO-DMA) and symmetric D’-A-D-A-D’ (PT’-PT-PT’, DMA-PT-DMA, and
DMA-PTO-DMA) conjugated dyes are shown in Schemes S1-3. The Sonogashira cross-coupling reaction of
benzothiadiazole derivatives 4-bromo-7-(9H-carbazol-9-yl)benzo[c][1,2,5]thiadiazole (5), 4-((4-(9H-carbazol-
9-y)phenyl)ethynyl)-7-bromobenzo[c][1,2,5]thiadiazole (6), and 3-((7-bromobenzo[c][1,2,5]thiadiazol-4-yl)
ethynyl)-10-propyl-10H-phenothiazine (7) and 4-((7-bromobenzo[c][1,2,5]thiadiazol-4-yl)ethynyl)-N,N-dime
thylaniline (8) with 3-ethynyl-10-octyl-10H-phenothiazine (1), resulted in the formation of phenothiazine
functionalized asymmetric D-A-D’ (PT-CARs, PT-CAR, PT-PT’, PT-DMA, and PTO-DMA), respectively. The
derivatives 1, 2, 3, 4, 5, 6, and 7 were synthesized by the reported procedure. The reaction of 3-ethynyl-
10-octyl-10H-phenothiazine (1) with 1.1 equivalent of benzothiadiazole functionalized derivatives 5, 6, 7,
and 8 in the presence of Pd(PPhs), as a catalyst and Cul as a co-catalyst in THF/TEA (1:1) solvent re-
sulted in PT-CARs, PT-CAR, PT-PT’, and PT-DMA in 74%, 68%, 76%, and 78% yields, respectively (Scheme
S1). Similarly, the Sonogashira cross-coupling reaction of 3,7-diethynyl-10-octyl-10H-phenothiazine (2) with
1.1 equivalent of benzothiadiazole functionalized derivatives 7 and 8 resulted in the formation of phenoth-
iazine functionalized symmetric D’-A-D-A-D’ (PT’-PT-PT’ and DMA-PT-DMA) dyes in 56% and 52% yields,
respectively (Scheme S2). Similarly, The Sonogashira cross-coupling reaction of benzothiadiazole deriva-
tive 4-((7-bromobenzo[c][1,2,5]thiadiazol-4-yl)ethynyl)-N,N-dimethylaniline (8) with 3-ethynyl-10-octyl-10H-
phenothiazine 5,5-dioxide (3) and 3,7-diethynyl-10-octyl-10H-phenothiazine 5,5-dioxide (4) resulted in the
formation of phenothiazine and phenothiazine 5,5-dioxide functionalized asymmetric (PTO-DMA) and sym-
metric (DMA-PTO-DMA) conjugated dyes in 72% and 68% yields respectively (Scheme S3). All the dyes were
purified by column chromatography and further characterized by using NMR and HRMS spectroscopic tech-

niques.
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Scheme S1 Synthetic route of phenothiazine functionalized asymmetric D-A-D’ (PT-CARs, PT-CAR, PT-PT’, and PT-
DMA) conjugated dyes: [A] Pd(PPhs)4, Cul, THF:TEA (1:1), 70°C, 12 h.



DMA-PT-DMA (52%)

Scheme S2 Synthetic route of the phenothiazine functionalized symmetric D’-A-D-A-D’ (PT’-PT-PT’ and DMA-PT-DMA)
conjugated dyes: [A] Pd(PPh3),4, Cul, THF:TEA (1:1), 70°C, 12 h.

DMA-PTO-DMA (68%)

Scheme S3 Synthetic route of phenothiazine and phenothiazine 5,5-dioxide functionalized asymmetric (PTO-DMA) and
symmetric (DMA-PTO-DMA) conjugated dyes; [A] Pd(PPhs)4, Cul, THF:TEA (1:1), 70°C, 12 h.



Chemicals were used as received unless otherwise indicated. All the oxygen- or moisture- sensitive reactions
were carried out under an argon atmosphere, and the reflux reactions were performed in an oil bath. 'H NMR
(500 MHz) spectra were recorded on a Bruker 500 MHz FI-NMR spectrometer at room temperature. Chemical
shifts are reported in delta (&) units, expressed in parts per million (ppm) downfield from tetramethylsilane
(TMS) using the residual protonated solvent as an internal standard CDCl;, 7.26 ppm. The multiplicities are
given as s (singlet), d (doublet), t (triplet) and m (multiplet) and the coupling constants, J, are given in Hertz.
13C NMR (126 MHz) spectra were recorded on a Bruker 500 MHz FT-NMR spectrometer at room temperature.
Chemical shifts are reported in delta (8) units, expressed in parts per million (ppm) downfield from TMS using
the solvent as internal standard CDCl3, 77.16 ppm. All the measurements were carried out at 25°C. HRMS were
recorded on a Bruker-Daltonics micrOTOF-Q II mass spectrometer.

Synthesis and characterization of 3-((7-(9H-carbazol-9-yl)benzo[c][1,2,5]thiadiazol-4-yl) ethynyl)-10-octyl-10H-
phenothiazine (PT-CARs): In a 100 mL round bottomed flask 3-ethynyl-10-octyl-10H-phenothiazine (1) (0.100g,
0.30 mmol) and 4-bromo-7-(9H-carbazol-9-yl)benzo[c][1,2,5]thiadiazole (5) (0.136g, 0.36 mmol) were dis-
solved in 1:1 (v/v) triethylamine (TEA; 30 mL) and tetrahydrofuran (THF; 30 mL). The reaction mixture was
purged with argon, and Pd(PPhs)4 (0.017 g, 0.015mmol), and Cul (0.006 g, 0.029 mmol) were added. The
reaction mixture was reflux for 12h. Upon the completion of the reaction, the mixture was evaporated and
purified by silica gel column chromatography with hexane/CH,Cl, (1:1) to get the desired compound PT-CARs
as a red colored solid. Yield 74%; 'H NMR (500 MHz, CDCls) §: 8.17 (d,J = 7.6 Hz, 2 H), 7.94 (d, J = 7.5 Hz,
1H),7.81(d,J=75Hz 1H), 7.52-7.44 (m, 2H), 7.39 (t,J = 7.2Hz, 2 H), 7.32 (t, J = 7.1Hz, 2 H), 7.21
-7.09 (m, 4 H), 6.94 (t,J = 7.2Hz, 1 H), 6.85 (d, J = 8.5Hz, 1 H), 6.87 (d,J = 8.7Hz, 1 H), 3.86 (t, J =
7.1Hz, 2 H), 1.82 (quin, J = 7.3Hz, 2 H), 1.36 - 1.21 (m, 10 H), 0.88 (t, J = 6.3 Hz, 3 H); I3C NMR (125 MHz,
CDCl3) 6: 156.0, 151.2, 146.2, 144.5, 141.0, 132.2, 131.4, 130.6, 129.8, 127.7, 127.5, 127.4, 126.0, 124.9,
124.1, 124.0, 122.9, 120.7, 120.5, 117.0, 116.0, 115.6, 115.1, 110.4, 96.8, 85.0, 47.7, 31.8, 29.7, 29.2, 29.2,
26.9, 26.8, 22.6, 14.1; HRMS (ESI-TOF) m/z [M] " calculated for C4H34N4S, 634.2219, measured 634.2214.

Synthesis and characterization of 3-((7-((4-(9H-carbazol-9-yl)phenyDethynyDbenzo[c][1,2,5] thiadiazol-4-yl)
ethynyl)-10-octyl-10H-phenothiazine (PT-CAR): In a 100 mL round bottomed flask 3-ethynyl-10-octyl-10H- phe-
nothiazine (1) (0.100 g, 0.30 mmol) and 4-((4-(9H-carbazol-9-yl) phenyl)ethynyl)-7-bromobenzo[c][1,2,5] thia-
diazole (6) (0.172 g, 0.36 mmol) were dissolved in 1:1 (v/v) triethylamine (TEA; 30 mL) and tetrahydrofuran
(THF; 30 mL). The reaction mixture was purged with argon, and Pd(PPh3)4 (0.017 g, 0.015 mmol), and Cul
(0.006 g, 0.029 mmol) were added. The reaction mixture was reflux for 12h. Upon the completion of the reac-
tion, the mixture was evaporated and purified by silica gel column chromatography with hexane/CH,Cl, (1:1)
to get the desired compound PT-CAR as a red colored solid. Yield 68%; 'H NMR (500 MHz, CDCl;) §: 8.15 (d,
J=78Hz,2H),7.94-7.86 (m,J = 84Hz, 2 H), 7.82(d,J = 7.3Hz,1H),7.76 (d,J = 7.3Hz, 1 H), 7.68
-7.59 (m,J = 8.2Hz, 2 H), 7.52 - 7.38 (m, 6 H), 7.31 (t,J = 6.9Hz, 2 H), 7.18 - 7.10 (m, 2 H), 6.93 (t, J =
7.2Hz, 1 H), 6.86 (d, J = 8.1Hz, 1 H), 6.83 (d, J = 8.5Hz, 1 H), 3.85 (t,J = 7.1Hz, 2 H), 1.81 (quin, J =
7.2Hz, 2 H), 1.30 - 1.23 (m, 10 H), 0.89 - 0.86 (m, 3 H); '>C NMR (125 MHz, CDCl;) §: 154.4, 154.4, 146.2,
144.4, 140.5, 138.3, 133.5, 132.7, 132.0, 131.3, 130.5, 127.5, 127.4, 126.9, 126.1, 124.9, 124.1, 123.7, 122.9,
121.5, 120.4, 120.3, 117.7, 116.5, 116.0, 115.6, 115.0, 109.8, 97.7, 96.5, 86.3, 85.5, 47.7, 31.8, 29.7, 29.2,
29.2, 26.9, 26.8, 22.6, 14.1; HRMS (ESI-TOF) m/z [M+H]" calculated for C4sH33N4S, 735.2611, measured
735.2611.

Synthesis and characterization of 10-octyl-3-((7-((10-propyl-10H-phenothiazin-3-yDethynyl)benzo[c][1,2,5]
thiadiazol-4-yDethynyl)-10H-phenothiazine (PT-PT’): In a 100 mL round bottomed flask 3-ethynyl-10-octyl-10H-
phenothiazine (1) (0.100 g, 0.30 mmol) and 3-((7-bromobenzo[c][1,2,5]thiadiazol-4-yl)ethynyl)-10-propyl-10H-
phenothiazine (7) (0.170 g, 0.36 mmol) were dissolved in 1:1 (v/v) triethylamine (TEA; 30 mL) and tetrahydro-
furan (THF; 30 mL). The reaction mixture was purged with argon, and Pd(PPh3)4 (0.017 g, 0.015 mmol), and
Cul (0.006 g, 0.029 mmol) were added. The reaction mixture was reflux for 12 h. Upon the completion of the
reaction, the mixture was evaporated and purified by silica gel column chromatography with hexane/CH,Cl,

8



(1:1) to get the desired compound PT-PT’ as a red colored solid. Yield 76%; 'H NMR (500 MHz, CDCl;) §:
87.75-7.69 (m, 2 H), 7.43 (dd, J = 1.7, 8.4Hz, 2 H), 7.40 (t,J = 1.5Hz, 2 H), 7.17 - 7.11 (m, 4 H), 6.93 (t,
J=7.4Hz, 2 H), 6.86 (d,J = 8.1Hz, 2 H), 6.82 (d, J = 8.4Hz, 2 H), 3.87 -3.81 (m, 4 H), 1.87 - 1.77 (m, 4
H), 1.33-1.23 (m, 10 H), 1.02 (t, J = 7.3 Hz, 3 H), 0.89 - 0.85 (m, 3 H); '*C NMR (125 MHz, CDCl;) §: 154.4,
146.1, 144.4, 132.1, 131.3, 130.5, 127.5, 127.4, 124.9, 124.8, 124.1, 124.1, 122.9, 122.9, 117.0, 116.2, 116.1,
115.6, 115.6, 115.0, 115.0, 97.3, 85.5, 49.4, 47.7, 31.7, 29.7, 29.2, 29.2, 26.9, 26.8, 22.6, 20.1, 14.1, 11.3;
HRMS (ESI-TOF) m/z [M+H] " calculated for C45sH4oN4S3 732.2410, measured 732.1968.

Synthesis and characterization of N,N-dimethyl-4-((7-((10-octyl-10H-phenothiazin-3-yDethynyDbenzo[c] [1,2,5]
thiadiazol-4-yDethynylaniline (PT-DMA): In a 100 mL round bottomed flask 3-ethynyl-10-octyl-10H-phenothia
zine (1) (0.100 g, 0.30 mmol) and 4-((7-bromobenzo[c][1,2,5]thiadiazol-4-yl)ethynyl)-N,N-dimethylaniline (8)
(0.128 g, 0.36 mmol) were dissolved in 1:1 (v/v) triethylamine (TEA; 30 mL) and tetrahydrofuran (THF; 30 mL).
The reaction mixture was purged with argon, and Pd(PPh3)4 (0.017 g, 0.015 mmol), and Cul (0.006 g, 0.029 mmol)
were added. The reaction mixture was reflux for 12h. Upon the completion of the reaction, the mixture was
evaporated and purified by silica gel column chromatography with hexane/CH,Cl, (1:1) to get the desired com-
pound PT-DMA as a red colored solid. Yield 78%; '"H NMR (500 MHz, CDCl3) §: 7.73 - 7.68 (m, 2 H), 7.56 -
7.53 (m,J = 8.7Hz, 2 H), 7.43 (d,J = 8.4Hz, 1 H), 7.40 (s, 1 H), 7.18 - 7.10 (m, 2 H), 6.95 - 6.91 (m, 1 H),
6.86 (d,J = 8.1Hz, 1 H), 6.82 (d,J = 8.4Hz, 1 H), 6.73 - 6.66 (m, J = 8.5Hz, 2 H), 3.85 (t,J = 7.2Hz, 2 H),
3.02 (s, 6 H), 1.81 (quin, J = 7.4Hz, 2 H), 1.47 - 1.41 (m, 2 H), 1.33 - 1.23 (m, 8 H), 0.87 (t,J = 6.8 Hz, 3 H);
13C NMR (125MHz, CDCI3) §: 154.4, 150.6, 145.9, 144.5, 133.3, 132.3, 131.5, 131.2, 130.5, 127.5, 127.3,
124.8, 124.1, 122.8, 117.9, 116.3, 116.1, 115.6, 115.0, 111.7, 109.1, 99.7, 96.8, 85.6, 84.2, 47.7, 40.2, 31.7,
29.2, 26.9, 26.8, 22.6, 14.1; HRMS (ESI-TOF) m/z [M+H]" calculated for C33H3sN4S, 613.2454, measured
613.2080.

Synthesis and characterization of 3,3’-((((10-octyl-10H-phenothiazine-3, 7-diyl) bis(ethyne-2,1-diyl) )bis(benzo
[c][1,2,5]thiadiazole-7,4-diyl))bis(ethyne-2,1-diyl) ) bis(10-propyl-10H-phenothiazine) (PT’-PT-PT’): In a 100 mL
round bottomed flask 3,7-diethynyl-10-octyl-10H-phenothiazine (2) (0.10 g, 0.27 mmol) and 3-((7-bromobenzo
[c][1,2,5]thiadiazol-4-yl)ethynyl)-10-propyl-10H-phenothiazine (7) (0.21 g, 0.45 mmol) were dissolved in 1:1
(v/v) triethylamine (TEA; 30 mL) and tetrahydrofuran (THF; 30 mL). The reaction mixture was purged with
argon, and Pd(PPh3),4 (0.032 g, 0.027 mmol), and Cul (0.010 g, 0.054 mmol) were added. The reaction mixture
was reflux for 12 h. Upon the completion of the reaction, the mixture was evaporated and purified by silica gel
column chromatography with hexane/CH,Cl, (1:1) to get the desired compound PT’-PT-PT’ as a red colored
solid. Yield 56%; 'H NMR (400 MHz, CDCl3): & 7.94 (d, 2H), 7.78 (d, 2H), 7.49 (d, 2H), 7.45 (s, 2H), 7.07 (d,
4H), 6.87 (d, 2H), 6.80 (d, 4H), 6.77 (d, 4H), 6.03 (d, 4H), 3.91(t, 2H), 1.87-1.83 (m, 2H), 1.30-1.26 (m, ),
0.89 (t, 3H); '3C NMR (400 MHz, CDCl3): §: 154.34, 146.04, 144.39, 132.17, 132.07, 131.30, 127.50, 124.83,
124.05, 122.88, 116.13, 115.62, 115.22, 49.36, 47.85, 31.74, 29.72, 29.27, 26.92, 22.64, 20.09, 14.13, 11.29
; MALDI-TOF-MS: m/z: calcd for C79Hs5sN7Ss 1153.3122 [M] ", measured 1153.4545.

Synthesis and characterization of 4,4’-((((10-octyl-10H-phenothiazine-3, 7-diyl) bis(ethyne-2,1-diyl) )bis(ben zo
[c][1,2,5]thiadiazole-7,4-diyl))bis(ethyne-2,1-diyl) ) bis(N,N-dimethylaniline) (DMA-PT-DMA): In a 100 mL round
bottomed flask 3,7-diethynyl-10-octyl-10H-phenothiazine (2) (0.10g, 0.27 mmol) and 4-((7-bromobenzo[c]
[1,2,5] thiadiazol-4-yl)ethynyl)-N,N-dimethylaniline (8) (0.23 g, 0.64 mmol) were dissolved in 1:1 (v/v) tri-
ethylamine (TEA; 30 mL) and tetrahydrofuran (THF; 30 mL). The reaction mixture was purged with argon, and
Pd(PPh3)4 (0.032 g, 0.027 mmol), and Cul (0.010 g, 0.057 mmol) were added. The reaction mixture was reflux
for 12h. Upon the completion of the reaction, the mixture was evaporated and purified by silica gel column
chromatography with hexane/CH,Cl, (1:1) to get the desired compound DMA-PT-DMA as a red colored solid.
Yield 52%; 'H NMR (400 MHz, CDCl3): & 7.72 (d, 4H), 7.54 (d, 4H), 7.44 (d, 2H), 7.40 (s, 2H), 6.83 (d,
2H), 6.68 (d, 2H), 3.81 (t, 2H), 3.03 (s, 12H), 1.97-1.94 (m, 2H), 1.35-1.31 (m, 10H ), 0.90 (t, 3H); 13C
NMR (400 MHz, CDCl3): 6: 156.12, 152.90, 143.38, 135.01, 134.00, 133.39, 132.27, 130.50, 126.98, 123.18,
121.07, 116.06, 53.44, 48.99, 31.72, 29.19, 26.87, 26.66, 22.62, 14.10 ; HRMS (ESI-TOF) m/z [M] " calculated
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for Cs56H47N7S3 914.3128, measured 914.2318.

Synthesis and characterization of 3-((7-((4-(dimethylamino)phenyDethynyl)benzo [c][1,2,5]thiadiazol-4-yl)
ethynyl)-10-octyl-10H-phenothiazine 5,5-dioxide (PTO-DMA): In a 100 mL round bottomed flask 3-ethynyl-10-
octyl-10H-phenothiazine 5,5-dioxide (3) (0.100g, 0.27 mmol) and 4-((7-bromobenzo[c][1,2,5]thiadiazol-4-
yDethynyl)-N,N-dimethylaniline (8) (0.117g, 0.33 mmol) were dissolved in 1:1 (v/v) triethylamine (TEA,
30 mL) and tetrahydrofuran (THF; 30 mL). The reaction mixture was purged with argon, and Pd(PPh3)4 (0.017 g,
0.015 mmol), and Cul (0.006 g, 0.029 mmol) were added. The reaction mixture was reflux for 12h. Upon the
completion of the reaction, the mixture was evaporated and purified by silica gel column chromatography with
hexane/CH,Cl, (1:1) to get the desired compound PTO-DMA as a red colored solid. Yield 72%; 'H NMR
(500 MHz, CDCl3) 6: 8.41 (s, 1 H), 8.14 (d,J = 7.9Hz, 1 H), 7.86 (d,J = 8.7Hz, 1 H), 7.78 (d, J = 7.5Hz,
1H),7.73(d,J =75Hz, 1H), 765 (t,J = 79Hz, 1 H), 7.55 (d, J = 8.7Hz, 2 H), 7.38 - 7.34 (m, 1 H),
7.33-7.30 (m, 1 H), 7.21 - 7.14 (m, 1 H), 6.69 (d, J = 8.7Hz, 2 H), 4.20 - 4.13 (m, 2 H), 3.03 (s, 5 H), 2.99
(s, 1H), 1.98 -1.90 (m, 2 H), 1.52 - 1.45 (m, 2 H), 1.41 - 1.36 (m, 2 H), 1.35 - 1.28 (m, 6 H), 0.90 (t, J =
6.7Hz, 3 H); 3C NMR (125MHz, CDCl3) §: 154.4, 150.6, 140.5, 140.4, 136.1, 134.4, 133.4, 133.3, 132.9,
131.3, 127.5, 124.5, 124.3, 123.8, 122.3, 118.6, 116.3, 116.1, 115.4, 111.7, 109.0, 100.2, 95.0, 86.8, 84.2,
48.7, 40.2, 31.7, 30.3, 29.7, 29.2, 29.2, 26.8, 26.7, 22.6, 14.1; HRMS (ESI-TOF) m/z [M+H]" calculated for
C3gH36N40,S, 644.2280, measured 644.8520.

Synthesis and characterization of 3,7-bis((7-((4-(dimethylamino)phenylethynylbenzo [c][1,2,5]thiadiazol-
4-yDethynyl)-10-octyl-10H-phenothiazine 5,5-dioxide (DMA-PTO-DMA): In a 100 mL round bottomed flask 3,7-
diethynyl-10-octyl-10H-phenothiazine 5,5-dioxide (4) (0.10 g, 0.23 mmol) and 4-((7-bromobenzo[c][1,2,5]thia
diazol-4-yl)ethynyl)-N,N-dimethylaniline (8) (0.190g, 0.54 mmol) were dissolved in 1:1 (v/v) triethylamine
(TEA; 30 mL) and tetrahydrofuran (THF; 30 mL). The reaction mixture was purged with argon, and Pd(PPh;3)4
(0.029 g, 0.025 mmol), and Cul (0.050 g, 0.078 mmol) were added. The reaction mixture was reflux for 12 h.
Upon the completion of the reaction, the mixture was evaporated and purified by silica gel column chromatog-
raphy with hexane/CH,Cl, (1:4) to get the desired compound DMA-PTO-DMA as a colored solid. Yield 68%;
'"H NMR (400 MHz, CDCl3): § 8.28 (s, 2H), 7.88 (d, 2H), 7.79 (d, 2H), 7.75 (d, 2H), 6.83 (d, 4H), 6.68 (d, 4H),
4.24 (t, 2H), 3.03 (s, 12H), 1.97-1.94 (m, 2H), 1.35-1.31 (m, 10H ), 0.90 (t, 3H); '*C NMR (400 MHz, CDCl3):
6: 156.12, 152.90, 143.38, 135.01, 134.00, 133.39, 132.27, 130.50, 126.98, 123.18, 121.07, 116.06, 53.44,
48.99, 31.72, 29.19, 26.87, 26.66, 22.62, 14.10 ; HRMS (ESI-TOF) m/z [M]™" calculated for Cs¢H47N70,S3
963.3292, measured 963.4391.
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$1.2 Stationary electronic spectroscopy

The absorption spectra of the sample solutions (ca. 107> M) were recorded using a Cary 4E (Varian) spectropho-
tometer. Fluorescence and excitation spectra were recorded with an FS5 spectrofluorometer from Edinburgh
Instruments with the appropriate instrumental response corrections. The fluorescence quantum yields (P,
experimental error £10%) of dilute solutions (ca. 10-° M) were obtained by employing tetracene (®;; = 0.17
in air-equilibrated cyclohexane) as reference.

S1.3 Time-resolved fluorescence

Fluorescence lifetimes were measured using the time-correlated single-photon counting (TC-SPC) method using
an Edinburgh Instrument FS5 spectrofluorometer, equipped with a LED source centered at 375 nm, with a 0.2
ns temporal resolution.

S$1.4 Electronic transient absorption spectroscopy

The experimental setup for the femtosecond transient absorption was based on a Helios system (Ultrafast Sys-
tems) as described before.»? Excitation was carried out with 400 nm pulses, produced by frequency doubling
part of the 800 nm output pulses of an amplified Ti:Sapphire laser system (ca. 60 fs, Spectra Physics) using
an Apollo 2nd and 3rd harmonic generator. Probing was achieved with a white-light continuum (450-800 nm)
produced by focusing a small fraction of the fundamental laser pulses onto a Sapphire crystal (2 mm thick) after
passing through an optical delay line (time window of 3200 ps). The temporal resolution was about 150 fs,
whereas the spectral resolution was 1.5 nm. The measurements were carried out at magic angle condition in a
2 mm cell. The samples had an absorbance at 400 nm between 0.5 and 1. The solutions were stirred during the
measurements to avoid photoproduct interferences. The absence of relevant photodegradation was checked by
recording the absorption spectra before and after measurements, and no significant change was observed.

S$1.5 Time-resolved IR spectroscopy

Femtosecond time-resolved IR (TRIR) spectra were obtained using a homebuilt setup based on a Ti:Sapphire
amplified system (Spectra Physics Solstice) generating 100 fs pulses at 800 nm and 1 kHz repetition rate as
described in detail previously.># excitation was carried out either at 400 nm by frequency doubling a fraction of
the amplifier output or at 532 nm using a TOPAS-Prime combined with a NirUVis module (Light Conversion).
The linearity of the signal amplitude with respect to pump intensity was checked before each experiment and
proper adjustment was made to ensure the maximum signal in a linear regime. The polarization was controlled
with a combination of Glan-Laser polariser and zero-order half-wave plate, limiting the time resolution of the
experiment to 300 fs. The pulses were focused on the sample onto 350 um spot, resulting in a fluence of 0.05-
0.3mJ/cm?. Mid-IR probe pulses at around 4.7-5.2 um where generated by difference frequency mixing of the
output of an optical parametric amplifier (Light Conversion, TOPAS-C with NDFG module) that was pumped at
800 nm. The polarization of the IR beam was controlled using a wire-grid polarizer. Two horizontally polarized
IR beams were produced with a CaF2 wedge and focused onto the sample. One of the beams was overlapped
with the pump beam, whereas the second was used as reference. Both IR beams were focused onto the entrance
slit of an imaging spectrograph (Horiba, Triax 190, 150 lines/mm) equipped with a liquid nitrogen cooled 2 x
64 element MCT array (Infrared Systems Development), giving a resolution of 3-4cm~! in the -C=C- stretching
region. The sample area and the detection system were placed in a box that was purged with water- and carbon
dioxide-free air for at least one hour before each experiment. The average of 500 signal shots was taken to
collect one data point with the polarization of the pump pulses at the magic angle with respect to that of the
IR pulse. This procedure was carried out for at least four times depending on the signal reproducibility and
intensity.

$1.6 Quantum-chemical calculations

All calculations were carried out in the gas phase at the density functional theory (DFT) or time-dependent
(TD) DFT levels using the CAM-B3LYP functional,® and the 6-31g(d,p) basis set, as implemented in Gaussian16
(Rev. B).® To speed up the calculations, the octyl substituent on the phenothiazine N atom was replaced by a
methyl group.
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S$1.7 Molecular dynamics simulations

Molecular dynamics (MD) simulations were carried out using GROMACS 2023.1.7 The optimised geometry of
CAR-PT-CAR was determined from quantum-chemical calculations in the gas phase at the DFT level (B3LYP/6-
31G+d) using Gaussian 16.° The topology files were generated using the Antechamber Python parser interface
(ACPYPE)® with the general Amber force field (GAFF).? The atomic charges were determined from CHELPG
fits of the electrostatic potential obtained from the quantum-chemical calculations. ' The GAFF-ESP-2018 force
field was used for the solvent.!! Non-bonded interactions were evaluated with a cutoff of 1.2 nm, and long-
range electrostatic interactions were accounted for by the particle mesh Ewald method, ' with 0.16 nm grid
spacing and forth-order interpolation. A long-range dispersion correction for energy was also included. The
LINCS algorithm 3 was used to constrain the bonds of all system components. The equilibration of the system
was ensured by inspecting the total energy drift. The isothermal-isobaric ensemble, NPT, was used for all
productions with the Noose-Hoover thermostat at 295 K,'# and the c-rescale barostat!® at 1 atm using coupling
constants 0.5 and 5 ps respectively.

A periodic cubic box (5x5x5nm?) filled with 1000 molecules of DMSO and one CAR-PT-CAR dye was used
for the simulations, which were performed at constant pressure (1 atm) and temperature (295 K) with 2 fs steps
for 25 to 100 ns.
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S2 Additional results

S2.1
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Figure S1 Stationary electronic absorption and fluorescene spectra of PT-CARs and CARs-PT-CARs in various solvents.
CHX: cyclohexane; TOL: toluene; THF: tetrahydrofuran; DMSO: dimethylsulfoxide.
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Figure S2 Stationary electronic absorption and fluorescene spectra of PT-CAR and CAR-PT-CAR in various solvents.
The long-wavelength tail of the spectrum of CAR-PT-CAR in CHX point to the formation of aggregates.
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Figure S3 Stationary electronic absorption and fluorescene spectra of PT-PT’ and PT’-PT-PT’ in various solvents.
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Figure S4 Stationary electronic absorption and fluorescene spectra of PT-DMA and DMA-PT-DMA in various solvents.
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Figure S5 Stationary electronic absorption and fluorescene spectra of PTO-DMA and DMA-PTO-DMA in various sol-
vents.

Table S1 Fluorescence quantum yields, ®;, and lifetimes. 7y, of the dyes in various solvents. Error on 77 +5%.

Dye solvent ®; T4/ 1S

PT-CARs CHX 0.59 5.6
TOL  0.23 4.1

CARs-PT-CARs TOL 0.16
PT-CAR CHX 0.65 4.0
TOL 0.30 3.7

CAR-PT-CAR TOL 0.20
PT-PT’ CHX 0.54 3.3
TOL 0.32 4.3
PT’-PT-PT’ CHX 0.51 2.6
TOL  0.42 3.8
PT-DMA CHX 0.55 3.3
TOL 0.44 4.2
DMA-PT-DMA CHX 0.32 2.6
TOL 0.39 3.5
PTO-DMA CHX 0.73 3.3
TOL 0.57 4.2
DMA-PTO-DMA TOL 0.98 3.8
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$2.2 Stationary vibrational spectroscopy
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Figure S6 Stationary IR absorption spectra of PT-PT’ and PT’-PT-PT’ in toluene.

S$2.3 Quantum-chemical calculations

Figure S7 Ground-state optimised geometry of CARs-PT-CARs.
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Figure S8 Frontier molecular orbitals involved in the first two electronic transitions of CAR-PT-CAR and associated
oscillator strength.
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Figure S9 Frontier molecular orbitals involved in the first two electronic transitions of PT’-PT-PT’ and associated oscillator
strength.
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Figure S10 Frontier molecular orbitals involved in the first two electronic transitions of DMA-PT-DMA and associated

oscillator strength.

Table S2 Unscaled calculated -C=C- stretching frequencies (in cm~!) and IR intensity (in brackets, in km/mol) of the
trans and cis conformers of PT-CAR in the Sy and S; states.

Vibration trans Sy cis Sg trans S cis S;
symmetric -C=C- 2367 (121) 2366 (121) 2287 (440) 2287 (390)
antisym. -C=C- 2375 (216) 2375 (212) 2232 (6100) 2231 (6050)

Table S3 S,-S; energy gap of the 2B dyes obtained from TD-DFT calculations.

Dye S7-Sy gap / eV
CARs-PT-CARs 0.08
CAR-PT-CAR 0.15
PT’-PT-PT’ 0.13
DMA-PT-DMA 0.11
DMA-PTO-DMA 0.11
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S2.4 Electronic transient absorption spectroscopy
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Figure S11 Transient electronic absorption recorded upon 400 nm excitation of PT-DMA in TOL (left), THF (middle), and
DMSO (right).
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Figure S12 Transient electronic absorption recorded upon 400 nm excitation of PT-PT’ in TOL (left), THF (middle), and
DMSO (right).
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Figure S13 Evolution-associated difference absorption spectra and time constants obtained from a global analysis of the
data shown in Figure S12 assuming a series of successive exponential steps.
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Figure S14 Transient electronic absorption recorded upon 400 nm excitation of PT’-PT-PT’ in TOL (left) and DMSO
(right).
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Figure S15 Evolution-associated difference absorption spectra and time constants obtained from a global analysis of the
data shown in Figure S14 assuming a series of successive exponential steps.

19



Time / ps

550 600 650 700 550 600 650 700 550 600 650 700
Wavelength / nm Wavelength / nm Wavelength / nm

Figure S16 Transient electronic absorption recorded upon 400 nm excitation of DMA-PT-DMA in TOL (left), THF (middle),
and DMSO (right).
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Figure S17 Evolution-associated difference absorption spectra and time constants obtained from a global analysis of the
data shown in Figure S16 assuming a series of successive exponential steps.
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Figure S18 Transient electronic absorption recorded upon 400 nm excitation of PTO-DMA in TOL (left), THF (middle),
and DMSO (right).
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Figure S19 Evolution-associated difference absorption spectra and time constants obtained from a global analysis of the
data shown in Figure S18 assuming a series of successive exponential steps.
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Figure S20 Transient electronic absorption recorded upon 400 nm excitation of DMA-PTO-DMA in TOL (left), THF (mid-
dle), and DMSO (right).
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Figure S21 Evolution-associated difference absorption spectra and time constants obtained from a global analysis of the
data shown in Figure S20 assuming a series of successive exponential steps.
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$2.5 Time-resolved IR spectroscopy
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Figure S22 Transient IR absorption recorded upon 400 nm excitation of PT-CARs in CHX (left), THF (centre), and DMSO
(right).
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Figure S23 Transient IR absorption recorded with PT-CARs in TOL upon 400 nm excitation (left) and in CHX upon 530 nm
excitation (right).
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Figure S24 Evolution-associated difference absorption spectra and time constants obtained from a global analysis of the
TRIR data shown in Figure S23 assuming a series of successive exponential steps.
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PT-CAR

In CHX, the single -C=C- band after the initial up-shift is located at 2130 cm~! compared to 2100 cm~' with
PT-CARs (Figures S25 and S26). As solvent polarity increases, the amplitude of the early frequency up-shift
becomes larger and, in the most polar DMSO, the band moves to 2160 cm~! like with PT-CARs. The presence
of a single -C=C- band in the TRIR spectra of PT-CAR can be explained by a localisation of the excitation on
either end of the molecule or by a fully delocalised excitation considering that only the antisymmetric -C=C-
stretch has significant IR intensity. The 30 cm~! frequency up-shift of the band in CHX compared to PT-CARs
is consistent with a delocalised excitation and a vibration involving the antisymmetric stretch of both -C=C-
groups. By contrast, the similar position of the band in DMSO rather agrees with a localisation of the excitation
on the PT-BTD end of the molecule like for PT-CARs.
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Figure S25 Transient IR absorption recorded with PT-CAR upon 400 nm excitation in CHX (top left), TOL (top right), THF
(bottom left) and upon 530 nm excitation in DMSO (bottom right).
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Figure S26 Evolution-associated difference absorption spectra and time constants obtained from a global analysis of the
TRIR data shown in Figure S25 assuming a series of successive exponential steps.
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PT-PT’

The TRIR spectra measured with PT-PT’ in CHX consist in an intense and broad band at 2055cm~! and a
smaller one at 2128 cm~! (Figures S27 and $S28). Given that PT-PT’ can be considered as a linear D-A-D dye,
only the antisymmetric -C=C- stretching mode should be IR active if the excitation were evenly distributed over
the whole molecule. Some asymmetry in the distribution of the excitation due to the different alkyl chains
on the PT nitrogen atoms might explain the presence of the weak band, that most probably correspond to the
symmetric -C=C- stretching mode. In THF and DMSO, this spectrum transforms in less than 500 fs into one with
a single band, shifting within 10 ps to about 2160 cm™!, as observed with the previous two dyes. These results
suggest that excitation remains mostly delocalised in CHX, but localises rapidly on one of the two PT-BTD ends

in polar media.
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Figure S27 Transient IR absorption recorded upon 530 nm excitation of PT-PT’ in CHX (top left), TOL (top right), THF
(bottom left) and DMSO (bottom right).
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PT-DMA

The transient spectra measured with PT-DMA in CHX are similar to those recorded with PT-PT’ with an intense
band at 2068 cm~! and a much weaker one at 2128 cm~! (Figures S29 and S30) and can be interpreted likewise.
When going to THF, this spectrum evolves in less than 1 ps into one with a single band at 2122 cm™~'. Afterwards,
a prominent shoulder at 2148 cm~! develops in 2-3 ps and the spectrum remains unchanged before decaying
with a approx. 240 ps time constant (Figure S30). In DMSO, this shoulder vanishes in 7 ps and only a single
band at 2120cm™! is visible in the spectrum of the relaxed excited state. This band is not present with the
previously discussed dyes with weaker D’, and is assigned to the -C=C- stretching mode of the S; state with the
CT excitation localised at the BTD-DMA end.
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Figure S29 Transient IR absorption recorded with PT-DMA in CHX (400 nm excitation, top left) and in TOL ( top right),
THF (bottom left) and DMSO (bottom right) upon 530 nm excitation.
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Figure S30 Evolution-associated difference absorption spectra and time constants obtained from a global analysis of the
TRIR data shown in Figure S29 assuming a series of successive exponential steps.
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PTO-DMA

This assignement of the 2120 cm~! measured with PT-DMA in DMSO is supported by the results obtained with
PTO-DMA, where PTO is a weaker donor than PT (Figures S31 and S32). In THF, the initial spectrum consists
in a very broad band centred around 2090 cm~!, which rapidly shifts and narrows to 2120 cm~!. In DMSO, this
dynamics is even faster and the band is finally at 2125 cm, similar to PT-DMA.
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Figure S31 Transient IR absorption recorded upon 400 nm
THF (bottom left) and DMSO (bottom right).
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Figure S33 Transient IR absorption recorded upon 530 nm excitation of CARs-PT-CARs in CHX (top left) and upon
400 nm excitation in CHX(top right), THF (bottom left) and DMSO (bottom right).
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CAR-PT-CAR

The transient spectra recorded with CAR-PT-CAR in TOL also exhibit the broad background additionally to
a band around 2150 cm ™! (Figures S35 and $36). Little dynamics are observed apart from a partial increase
of the -C=C- band intensity. These results point to delocalised excitation in this solvent. In medium polar
media, the early spectra are similar to those in TOL, but the electronic background signal decays in a few ps
while the vibrational band at 2150 cm~' decays on the hundreds of ps timescale. The disappearance of the
broad signal can be interpreted as a localisation of the excitation, most probably on a PT-BTD pair according to
the 2150 cm™! frequency. Similar dynamics are observed in DMSO, but the vibrational band is at 2120cm™!,
i.e. 30cm~! down-shifted relatively to the less polar solvents, and 40 cm~' down-shifted relative to the band
measured with the PT-CAR analogue in the same solvent. These results point to the occurrence of ESSB as well,
but not to a localisation of the excitation on a PT-BTD D-A pair like in CARs-PT-CARs and PT-CAR. None of
the dyes with D’=CAR discussed so far exhibit such 2120 cm~! band. Therefore, we attribute it to the -C=C-
stretching mode of the CT state localised on one of the two BTD-CAR ends of the molecule. It should also be
noted that the lifetime of the relaxed S, state of this 2B dye in DMSO is much larger, i.e. 710 ps, relatively to
the 7.3 ps measured with the 1B analogue.
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Figure S35 Transient IR absorption recorded with CAR-PT-CAR upon 400 nm excitation in TOL (left), and DMSO (right),
and upon 530 nm excitation in THF (middle), .
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Figure S36 Evolution-associated difference absorption spectra and time constants obtained from a global analysis of the
TRIR data shown in Figure S35 assuming a series of successive exponential steps.
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PT’-PT-PT’

The TRIR spectra measured with PT’-PT-PT’ in CHX and TOL are similar to those obtained with PT-PT’ with
the additional presence of the electronic background signal (Figures S37 and S38), suggesting a delocalised
excitation over the two branches. Localisation occurs in THF and DMSO, as testified by the complete decay
of the background signal, and only a band around 2135cm™! is visible after a few ps. This band is ~20cm
down-shifted compared to that measured with PT-PT’ and its lifetime is 10 times as long. This frequency shift
could arise from a slight disparity in donating strength of the central and terminal phenothiazine units due to
their different substituents on the N atom.
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Figure S37 Transient IR absorption recorded with PT’-PT-PT’ upon 530 nm excitation in TOL (top right), THF (bottom
left) and 400 nm excitation in CHX (top left) and DMSO (bottom right).
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Figure S38 Evolution-associated difference absorption spectra and time constants obtained from a global analysis of the
TRIR data shown in Figure S37 assuming a series of successive exponential steps.

34



DMA-PT-DMA

In CHX, the transient spectra of DMA-PT-DMA are also similar to those of the 1B analogue, except for the pres-
ence of the background signal (Figures S39 and S40). In polar solvents, this broad feature vanishes rapidly and
a two partially overlapping vibrational bands appears within 1ps at 2120 and 2150cm™~'. The low-frequency
band decreases partially in 18 ps, while the other one decays totally. Finally, the weak residual band around
2120 cm™~! decays completely on a few hundreds of ps timescale. This band is also present with PT-DMA (Fig-
ure S30) and was attributed to the -C=C- vibration of the CT state localised at the BTD-DMA end. This band
decays in about 200 ps vs. 32 ps for PI-DMA. The same assignment can be done here. On the other hand, the
2150 cm~! band observed transiently is probably due the PT-BTD -C=C- vibration. This indicates that excitation
first localises on a single branch with a possible temporary equilibrium between the PT-BTD and BTD-DMA CT
states, and finally localises on a BTD-DMA end as solvent relaxation takes place.
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Figure S39 Transient IR absorption recorded with DMA-PT-DMA upon 530 nm excitation in TOL (top right), THF (bottom
left) and 400 nm excitation in CHX (top left) and DMSO (bottom right).
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Figure S40 Evolution-associated difference absorption spectra and time constants obtained from a global analysis of the
TRIR data shown in Figure S39 assuming a series of successive exponential steps.
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DMA-PTO-DMA

Contrary to the other 2B dyes in CHX/TOL, the TRIR spectra recorded with DMA-PTO-DMA in TOL do not ex-
hibit any electronic background signal, but are similar to those measured with the PTO-DMA with a single band
around 2125 cm~! (Figures S41 and S42). This points to a localisation at a BTD-DMA end of the molecule. The
same behaviour is observed in THF and in DMSQO, i.e., the spectra resemble those found with PTO-DMA (Figure
S32). However, as observed with the other dyes, the decay of the relaxed S; state in DMSO is significantly
slower than for the single branch.
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Figure S41 Transient IR absorption recorded with DMA-PTO-DMA upon 530 nm excitation in TOL (left) and THF (middle)
and 400 nm excitation in DMSO (right).
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S$2.6 Molecular Dynamics (MD) simulations
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Figure S44 Histogram of the number of DMSO molecules within a centre-of-mass (COM) distance of 6 nm of the central
PT and one of the terminal carbazole (left) or PT’ (right) units of CAR-PT-CAR and PT’-PT-PT’, respectively. This
illustrates the larger exposure to solvent of the end donors, D’, compared to the central donor, D.
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$2.7 NMR spectroscopy and MS spectrometry
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Figure S47 High resolution MS spectrogram of PT-CARs.
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