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1 Synthesis of the curcumin derivatives

All solvents for synthesis were of analytic grade. NMR, spectra were recorded at room tem-
perature on a JEOL JNM ECS 400 (400 and 100 MHz for 'H and '3C, respectively) spec-
trometer. Data are listed in parts per million (ppm) and are reported relative to tetram-
ethylsilane ("H and '3C); residual solvent peaks of the deuterated solvents were used as
internal standards. High resolution mass spectra were obtained in Spectropole, Marseille
(http://www.spectropole.fr). 1,8-Bis(4-formylphenoxy)octane was obtained according a pre-
viously described procedure.! All starting chemical products and solvents were purchased

from Sigma-Aldrich or TCI and used without further purification.
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1.1 Difluoro(3-phenylpentane-2,4-dionato)boron?

Fup F
0o

Boron trifluoride diethyletherate (3.51 mL, 27.92 mmol) was added dropwise to a solution of
3-phenylpentane-2,4-dione (4.1 g, 23.27 mmol) in dichloromethane (100 mL). The reaction
mixture was stirred at 40 °C overnight. After cooling, solvents were removed under vacuum
and the crude was purified on silica gel column with dichloromethane/cyclohexane (1/1 v:v)
as eluent. The result product was obtained as a white solid (5.01 g, 96 %). 'H NMR. (400
MHz, CDCl3, ppm): 6 = 7.50 — 7.40 (m, 3H), 7.20 — 7.14 (m, 2H), 2.11 (s, 6H). 3C NMR
(100 MHz, CDCI3, ppm): & = 191.2, 133.1, 130.7, 129.7, 129.1, 23.8.
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1.2 BFs-hemicurcuminoid H13

(Acetylacetonato)difluoroboron (5.38 g, 36.40 mmol) was dissolved into 100 mL of toluene
and stirred at reflux for 30 min under argon. Then a solution of p-anisaldehyde (1.11 ml,
9.10 mmol) and tri-n-butylborate (2.71 mL, 10.01 mmol) in 100 mL of toluene was added
dropwise and the reaction mixture was stirred for 30 min under reflux. A first portion of
n-butylamine (450 ul, 4.55 mmol) was added and after 2 h a second portion of n-butylamine
(450 pL, 4.55 mmol) was added and the reaction mixture was stirred under reflux overnight.
Solvent was removed under vacuum and the crude was purified on silica gel column with
cyclohexane/dichloromethane (1/1 v:v) as eluent. The product was obtained as a yellow
powder (1.47 g, 61 %). 'H NMR (400 MHz, CDCl3, ppm): § = 8.05 (d, J = 15.5 Hz, 1H),
7.58 (d, J = 8.8 Hz, 2H), 6.96 (d, J = 8.8 Hz, 2H), 6.51 (d, J = 15.5 Hz, 1H), 5.96 (s, 1H),



3.88 (s, 3H), 2.32 (s, 3H). ¥C NMR (100 MHz, CDCI3, ppm): § — 190.5, 180.9, 163.2, 148.7,
131.6, 126.7, 117.2, 115.0, 101.2, 55.7, 24.4.
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1.3 Bis(BFs-hemicurcuminoid)-«, w-octane H2
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(Acetylacetonato)difluoroboron (3.33 g, 22.56 mmol) was dissolved into 50 mL of toluene and
stirred at reflux for 30 min under argon. 1,8-Bis(4-formylphenoxy)octane (1.0 g, 2.82 mmol)
and tri-n-butylborate (763 pL, 2.82 mmol) were dissolved into 100 mL of toluene and the
solution was added dropwise to the reaction mixture. After stirring for 30 min at reflux, a first
portion of n-butylamine (139 pL, 1.41 mmol) was added. A second portion of n-butylamine

(139 pL, 1.41 mmol) was added after 3h and the reaction mixture was stirred at reflux



overnight. After cooling, the reaction mixture was filtered and the solvent was removed under
vacuum. The crude was purified on silica gel column with dichloromethane/cyclohexane (1/1
v:v) as eluent. The product was obtained as an orange powder (601 mg, 35 %). 1H NMR
(400 MHz, CDCl3, ppm): 6 = 8.04 (d, J = 15.5 Hz, 2H), 7.56 (d, J = 8.8 Hz, 4H), 6.92 (d,
J = 8.8 Hz, 4H), 6.50 (d, J = 15.5 Hz, 2H), 5.96 (s, 2H), 4.02 (t, J = 6.4 Hz, 4H), 2.32
(s, 6H), 1.87 — 1.75 (m, 4H), 1.53 — 1.36 (m, 8H). 3C NMR (100 MHz, CDCl;, ppm): § —
180.9, 162.9, 148.8, 131.6, 129.0, 126.5, 117.0, 115.4, 101.2, 28.4, 29.3, 29.1, 26.0, 24.4.
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1.4 BFs-hemicurcuminoid H3
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Difluoro(3-phenylpentane-2,4-dionato)boron (4.0 g, 17.86 mmol) was dissolved into 50 mL of
toluene and stirred at reflux for 30 min under argon. Solution of 1,8-bis(4-formylphenoxy)octane
(1,58 g, 4.47 mmol) and tri-n-butylborate (1.45 mL, 5.36 mmol) in 100 mL of toluene was
added dropwise into the reaction mixture. After stirring for 30 min at reflux, a first portion
of n-butylamine (221 pL, 2.24 mmol) was added to the reaction mixture. A second portion of

n-butylamine (221 pL, 2.24 mmol) was added after 2h and the reaction mixture was stirred



at reflux overnight. After cooling, the precipitate was filtered under vacuum. The product
was purified on silica gel column with cyclohexane/dichloromethane (7/3 v:v) as eluent to
give the product as an orange powder (452 mg, 15 %). '"H NMR (400 MHz, CDCl3, ppm):
§ = 8.07 (d, J = 15.4 Hz, 2H), 7.54 — 7.42 (m, 6H), 7.34 (d, J = 8.8 Hz, 4H), 7.26 — 7.21
(m, 4H), 6.83 (d, J = 8.8 Hz, 4H), 6.26 (d, J = 15.4 Hz, 2H), 3.96 (t, J = 6.5 Hz, 4H), 2.13
(s, 6H), 1.82 — 1.71 (m, 4H), 1.51 — 1.31 (m, 8H). 3C NMR (100 MHz, CDCI3, ppm): § —
178.8, 162.8, 149.1, 133.2, 131.8, 131.5, 129.5, 128.9, 126.9, 115.9, 115.2, 114.3, 68.4, 29.4,
29.1, 26.0, 23.9.
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1.5 Monomer 2
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BF5-hemicurcuminoid H1 (0.5 g, 1.88 mmol) was dissolved into 30 mL of ethyl acetate and
heated to 60 °C. A solution of 4-(N, N-diphenylamino)benzaldehyde (0.62 g, 2.26 mmol)
and tri-n-butylborate (612 uL, 2.26 mmol) in 30 mL of ethyl acetate was added to the re-
action mixture and stirred for a further 30 min at 60 °C. Then, n-butylamine (74.3 uL,
0.75 mmol) was added to the solution. A second portion of the n-buthylamine was made
(37.2 pl, 0.38 mmol) after 4h. The reaction mixture was stirred at 60 °C overnight. After
cooling, the solvent was removed under vacuum and the crude was purified on silica gel
column with cyclohexane/dichloromethane (1/1 v:v) as eluent. Precipitation from cyclohex-
ane/dichloromethane gave the product as a brown powder (122 mg, 12 %). '"H NMR (400
MHz, CDCls, ppm): § = 7.99 (d, J = 15.6 Hz, 1H), 7.98 (d, J = 15.3 Hz, 1H), 7.57 (d,

11



J = 8.8 Hz, 2H), 7.44 (d, J = 8.8 Hz, 2H), 7.37 — 7.30 (m, 4H), 7.20 — 7.12 (m, 6H), 6.98
(d, J = 8.8 Hz, 2H), 6.94 (d, J = 8.8 Hz, 2H), 6.57 (d, J = 15.6 Hz, 1H), 6.53 (d, J = 15.3
Hz, 1H), 5.98 (s, 1H), 3.87 (s, 3H). 3C NMR (100 MHz, CDCl;, ppm): § = 179.5, 178.8,
162.8, 151.6, 147.2, 146.4, 146.3, 131.2, 131.0, 129.8, 127.3, 126.7, 126.2, 125.1, 120.6, 118.4,
117.2, 114.9, 101.9, 55.7. HRMS (ESI): Caled. For C3,HygNO3F,BNa*t [M-+Nal*: 544.1871.
Found: 544.1872 (-0.2 ppm).
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1.6 Dimer 1

BFs-hemicurcuminoid H1 (1.0 g, 3.76 mmol) was dissolved into 15 mL of ethyl acetate and
heated to 60 °C. 1,8-Bis(4-formylphenoxy)octane (0.48 g, 1.50 mmol) and tri-n-butylborate
(810 uL, 3.00 mmol) were dissolved into 10 mL of ethyl acetate and the solution was added

to the reaction mixture. After 30 min at 60°C, a first portion of n-butylamine (75 uL, 0.75

mmol) was added to the solution. A second portion of n-butylamine (75 pL, 0.75 mmol) was

made after 2 h. After cooling, the precipitate was filtered under vacuum. The product was
purified on silica gel column with dichloromethane as eluent (0.37 g, 32 %). 'H NMR (400
MHz, DMSO, ppm): § = 7.97 (d, J = 15.6, 4H), 7.85 (d, J = 8.8, 4H), 7.83 (d, J = 8.8,
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4H), 7.10 — 7.01 (m, 12H), 6.50 (s, 2H), 4.06 (t, J = 6.4, 4H), 3.84 (s, 6H), 1.80 — 1.67 (m,

4H), 1.48 — 1.31 (m, 8H). HRMS (ESI): Caled. For CusHysOF,BoNat [M+ Na|*: 873.3380.
Found: 873.3379 (+ 0.1 ppm).
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BF5-hemicurcuminoid H2 (0.78 g, 1.27 mmol) was dissolved into 20 mL of toluene and stirred
at reflux. 4-(N, N-Diphenylamino)-benzaldehyde (0.70 g, 2.54 mmol) and tri-n-butylborate
(687 uL, 2.54 mmol) were dissolved into 40 mL of toluene and added to the reaction mixture.

n-Butylamine (62.0 pL, 0.63 mmol) was added after 30 min at reflux. A second addition
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of the n-buthylamine (62.0 pL, 0.63 mmol) was made after 2 h. The reaction mixture was
stirred at reflux overnight. After cooling, the solvent was removed under vacuum and the
crude was purified on silica gel column with cyclohexane/dichloromethane (1/1 v:v) as eluent.
The precipitation from cyclohexane/dichloromethane gave the product as a brown powder
(144 mg, 11 %). *H NMR (400 MHz, CDCl3, ppm): § = 7.97 (d, J = 15.4 Hz, 2H), 7.95 (d,
J =15.4 Hz, 2H), 7.53 (d, J = 8.7 Hz, 4H), 7.43 (d, J = 8.8 Hz, 4H), 7.37 — 7.29 (m, 8H),
7.20 — 7.12 (m, 12H), 6.97 (d, J = 8.7 Hz, 4H), 6.90 (d, J = 8.8 Hz, 4H), 6.54 (d, J = 154
Hz, 2H), 6.51 (d, J = 15.4 Hz, 2H), 5.97 (s, 2H), 4.01 (t, J = 6.4 Hz, 4H), 1.88 — 1.74 (m,
4H), 1.49 — 1.36 (m, 8H). ¥C NMR (100 MHz, CDCl3, ppm): ¢ = 162.4, 151.6, 150.9, 147.1,
146.4, 131.2, 131.0, 129.8, 127.0, 126.7, 126.2, 125.1, 120.5, 118.2, 117.2, 115.3, 115.0, 101.8,
68.3,29.2, 27.1, 25.9. HRMS (ESI): Caled. For C7oHgaNoOgF BoNa®™ [M+Na|™: 1147.4644.
Found: 1147.4648 (+0.3 ppm).
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1.8 Absorption spectra of monomers 1 and 2 in different solvents
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Figure S1: Normalized absorption spectra of curcumin monomers 1 (left) and 2 (right)
recorded in different solvents.
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2 Excitation energies: functional and basis set
2.1 Curcumin monomers

monomer 1 monomer 2 monomer 3

me LUMO+1
Ao8Rg, W ‘W Luvo

HOMO-2

Figure S2: Frontier molecular orbitals of the curcumin monomers 1-3 calculated at the
wBI7X-D/6-314+G(d) level. Molecular orbitals of 3 corresponds to the § = 62° case.

Table S1: Excitation energies (in €V) of monomer 1 obtained with different energy functionals
and the 6-314+G(d) basis set in vacuum. Oscillator strengths indicated in parenthesis.

wBITX-D BLYP B3LYP CAM-B3LYP
state. TDA TDDFT TDA TDDFT TDA TDDFT TDA TDDFT
S, 343 332 258 247 298 286 337 326
(247)  (2.13)  (L75)  (1.42) (2.30) (2.25) (248)  (2.11)
Sy 434 415 274 268 342 333 424 405
(0.10)  (0.08)  (0.02) (0.02) (0.00) (0.02) (0.09)  (0.07)

Table S2: Excitation energies (in €V) of monomer 1 computed with the wB97X-D functional
and different basis sets. Oscillator strengths indicated in parenthesis.

6-31+G(d) 6-311++G(d,p)
state  TDA TDDFT TDA TDDFT
Sy 343 (247) 332 (213) 3.42(246) 3.30 (2.13)
Sy 4.34(0.10) 4.15 (0.08) 4.32 (0.10) 4.13 (0.08)
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Table S3: Excitation energies (in €V) of monomer 2 obtained with different energy functionals
and the 6-314G(d) basis set in vacuum. Oscillator strengths indicated in parenthesis.

wB9ITX-D B3LYP CAM-B3LYP
TDA TDDFT TDA TDDFT TDA TDDFT

S, 3.82 (1.33) 3.73 (1.32) 2.94 (0.93) 2.82 (0.98) 3.75 (1.28) 3.72 (1.28)

Sy 4.00 (0.99) 3.91 (1.00) 3.30 (0.75) 3.18 (0.78) 3.97 (0.98) 3.93 (0.97)

Table S4: Excitation energies (in €V) of monomer 3 obtained with different energy functionals
and the 6-31+G(d) basis set in vacuum. Oscillator strengths indicated in parenthesis.

wBI7TX-D B3LYP
TDA TDDFT TDA TDDFT
S, 3.07 (1.02) 3.00 (0.92) 2.56 (0.80) 2.43 (0.79)
Sy 4.04 (1.20) 3.96 (1.19) 3.18 (1.01) 3.14 (0.96)
Sy 4.14 (0.02) 4.08 (0.01) 3.21 (0.02) 3.16 (0.20)

Table S5: Main orbital contributions (in %) for the low-lying singlet excitations of monomers
1-3 computed at the TDA level with BSLYP and wB97X-D energy functionals and the 6-
31+G(d) basis set in vacuum. H and L indicate HOMO and LUMO, respectively.

comp. state wB97X-D B3LYP transition

1 Sy 38 87 H—L
S 83 85 H-1-L

2 Sy 63 68 H—L
23 18 H-1-L
S 70 20 H-1-L

12 11 H—L

3 Sy 94 92 H—L
S 78 83 H-2—L
Ss 56 51 H-1—L
39 37 H—-L+1

18



2.2 Curcumin derivative dimers

dimer 1’ dimer 2’

LUMO+1

LUMO

Figure S3: Frontier molecular orbitals of the curcumin dimers 1°’-3’ calculated at the wB97X-
D/6-31+G(d) level.

Table S6: Excitation energies (in eV) of dimer 1’ (folded) obtained with different energy
functionals and the 6-31+G(d) basis set in vacuum. Oscillator strengths indicated in paren-
thesis.

wB9I7TX-D B3LYP
state  TDA TDDFT TDA TDDFT
S 3.03(0.02) 2.96 (0.02) 2.48 (0.01) 2.35 (0.02)
Sy 3.39 (2.56) 3.27 (3.22) 2.90 (2.34) 2.78 (2.30)
S; 352 (1.27) 3.47 (0.56) 3.03 (1.08) 2.86 (1.18)
Sy 3.64 (1.27) 3.57 (0.37) 3.10 (1.08) 2.97 (1.18)
S5 4.02 (0.09) 3.94 (0.06) 3.28 (0.06) 3.06 (0.01)
Ss  4.11 (0.01) 4.05 (0.01) 3.33 (0.01) 3.16 (0.04)
S;  4.31(0.02) 4.28 (0.02) 3.39 (0.00) 3.26 (0.00)
Sy 4.41(0.01) 4.38 (0.01) 3.41 (0.00) 3.32 (0.00)
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Table S7: Excitation energies (in eV) of dimer 2’ (V-shape) obtained with different en-
ergy functionals and the 6-31+G(d) basis set in vacuum. Oscillator strengths indicated in
parenthesis.

wBITX-D B3LYP CAM-B3LYP
state  TDA TDDFT TDA TDDFT TDA TDDFT
Sy 381 (1.46) 3.80 (1.45) 292 (1.17) 2.91 (1.17) 3.73 (1.96) 3.71 (1.95)
S, 3.81(1.46) 3.80 (1.45) 2.95(1.22) 2.95 (1.21) 3.73 (1.91) 3.71 (1.94)
S3 400 (0.96) 3.99 (0.96) 2.98 (0.40) 2.96 (0.41) 4.00 (0.90) 3.99 (0.89)
Sy 4.00 (0.96) 3.99 (0.96) 3.04 (0.41) 3.04 (0.41) 4.00 (0.87) 3.99 (0.87)
S5  4.32(0.01) 4.33(0.01) 3.22 (0.02) 3.22 (0.02) 4.34 (0.01) 4.32 (0.01)
S¢  4.34 (0.01) 4.34 (0.01) 3.24 (0.03) 3.24 (0.03) 4.35 (0.01) 4.32 (0.01)
S; 445 (0.02) 4.42 (0.01) 3.25 (0.02) 3.25 (0.02) 4.45 (0.02) 4.42 (0.02)
Ss 445 (0.03) 4.43 (0.02) 3.28 (0.00) 3.28 (0.00) 4.46 (0.07) 4.43 (0.04)

Table S8: Excitation energies (in €V) of dimer 3’ (folded) obtained with different energy
functionals and the 6-31+G(d) basis set in vacuum. Oscillator strengths indicated in paren-
thesis.

wB9ITX-D B3LYP

state  TDA TDDFT TDA TDDFT
Sy 278 (0.02) 2.76 (0.01) 2.39 (0.01) 2.37 (0.01)
Sy 3.28 (2.51) 3.26 (2.50) 2.40 (2.32) 2.39 (2.32)
S3 343 (1.58) 3.40 (1.58) 2.58 (1.49) 2.55 (1.59)
Sy 3.71(0.11) 3.68 (0.09) 2.69 (0.08) 2.69 (0.06)
S5 3.88(0.28) 3.79 (0.19) 2.73 (0.12) 2.70 (0.09)
Se 412 (0.07) 4.10 (0.05) 2.75 (0.03) 2.73 (0.02)
Sy 4.16 (0.07) 4.14 (0.06) 2.77 (0.03) 2.76 (0.03)
Sy 4.26 (0.02) 4.24 (0.02) 2.89 (0.02) 2.88 (0.01)
Sy 427 (0.01) 4.25 (0.01) 2.91 (0.01) 2.90 (0.01)
S 4.28 (0.00) 4.25 (0.00) 2.93 (0.00) 2.92 (0.01)
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Table S9: Excitation energy (in €V) and oscillator strengths (in parenthesis) at B3LYP /6-
31+G(d) level of theory in the gas phase and in DCM solution for the three different curcumin
covalent dimers.

gas phase DCM
dimer state TDDFT TDA TDDFT TDA

Sy 2.35(0.016) 2.48 (0.009) 2.19 (0.008) 2.28 (0.009)

So 2.78 (2.301) 2.90 (2.342) 2.59 (2.307) 2.63 (2.307)

Sz 2.86 (1.178) 3.03 (1.083) 2.68 (1.196) 2.74 (1.076)

1 Sy 297 (1.182) 3.10 (1.085) 2.71 (1.192) 3.80 (1.091)
(folded) Ss  3.06 (0.010) 3.28 (0.059) 2.87 (0.022) 2.96 (0.032)
Se  3.16 (0.045) 3.33 (0.005) 2.98 (0.007) 3.04 (0.004)

Sz 3.26 (0.002) 3.39 (0.001) 3.03 (0.001) 3.13 (0.001)

Sg  3.32(0.001) 3.41 (0.000) 3.11 (0.000) 3.20 (0.000)

Sy 291 (1.172)  2.92 (1.169) 2.40 (1.171) 2.41 (1.170)

So 295 (1.211) 2.95 (1.221) 2.49 (1.222) 2.49 (1.220)

S3 2.96 (0.401) 2.98 (0.401) 2.58 (0.402) 2.60 (0.400)

2’ Sy 3.04 (0.406) 3.04 (0.389) 2.59 (0.401) 2.63 (0.399)
(V-shape) S5  3.22 (0.017) 3.22 (0.009) 2.67 (0.013) 2.67 (0.009)
Se  3.24 (0.028) 3.27 (0.028) 2.70 (0.026) 2.73 (0.021)

Sz 3.25(0.021) 3.28 (0.010) 2.80 (0.023) 2.82 (0.019)

Sg 3.28 (0.002) 3.28 (0.012) 2.82 (0.002) 2.84 (0.002)

S1 2.37(0.009) 2.39 (0.010) 2.20 (0.009) 2.29 (0.011)

Sy 2.39 (2.319) 2.40 (2.320) 2.23 (2.302) 2.30 (2.324)

Ss  2.55 (1.487) 2.58 (1.488) 2.40 (1.489) 2.49 (1.490)

3 Sy 2.69 (0.063) 2.69 (0.076) 2.55 (0.071) 2.63 (0.074)
(folded) S5 2.70 (0.086) 2.73 (0.120) 2.56 (0.089) 2.64 (0.096)
Se  2.73 (0.021) 2.75 (0.026) 2.60 (0.021) 2.69 (0.022)

Sz 2.76 (0.028) 2.77 (0.027) 2.61 (0.026) 2.71 (0.029)

Sg  2.88 (0.014) 2.89 (0.019) 2.71 (0.021) 2.79 (0.017)

So 2.90 (0.012) 2.91 (0.009) 2.75 (0.011) 2.81 (0.010)

S10 2.92 (0.006) 2.93 (0.003) 2.78 (0.001) 2.82 (0.001)
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Table S10: Main orbital contributions (in %) for the low-lying singlet excitations of dimers
1’-3’ computed at the TDA level with B3LYP and wB97X-D energy functionals and the
6-314+G(d) basis set in vacuum. H and L indicate HOMO and LUMO, respectively.

comp. state wB97X-D B3LYP transition
1 S 78 75 H-1—-L
18 19 H—L
S o6 5} H—L
26 27 H-1—-L
Ss o8 62 H—L+1
20 30 H—L
Sy 83 78 H-1-L+1
2’ S 76 80 H-1—-L
S 82 85 H—L+1
3’ Sh 41 43 H—L
7 6 H-1—-L
S 49 47 H—L
32 36 H-1-L
Ss 47 45 H—L+1
28 31 H—L
Sy 34 31 H—L+1
13 15 H-1—-L
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3 Rotation of the meso-phenyl in monomer 3

Energy, kcal/mol

torsion

Figure S4: Ground state potential energy profile along the torsion of the mPh group of
monomer 3 computed at the B3LYP/6-314+G(d) level in DCM solution.
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Figure S5: Excitation energies (left) and oscillator strengths (right) for the two lowest excited

singlet states of 3 along the torsion of the mPh group computed at the B3LYP/6-31+G(d)
level in DCM solution.
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4 Relative energies between open/folded conformers

The relative stability between opened and folded structural conformations of curcumin
derivative covalent dimers is dictated by the competition between the solvent-chromophore
interactions and the m-stacking between the two monomers. As a result, apolar solvents like
cyclohexane show a higher preference towards the folded form compared with more polar
solvents.

The relative energy between the two forms (AE = FE(open) — E(folded)) has been
computed in different solvents. Basis set superposition error (BSSE) have been corrected
through the counterpoise procedure. To perform CP in covalent dimers we evaluate the CP

correction at the folded from without the linker as:
E., = 2(E*(mono)) — E(mono)) (S.1)

where F/(mono) is the energy of the monomer, and E*(mono) is the energy of the monomer
in the presence of basis set functions in the positions of the second monomer in the folded

form. Then, the corrected energy for the open conformer is obtained as:
E¢(open) = E(open) + E., (S.2)

Relative energies in different solvent are shown in Figure S6.

15

14 }

13

E(folded), kcal/mol

12

A o o “

E(open) -

10

0 1.0 2I0 3.0 4.0 5I0 6.0 7.0 80

dielectric constant (g)
Figure S6: Computed relative stability (in kcal /mol) between the open and folded conformers
of dimer 1’ as a function of the polarity of the solvent. Points at the graph correspond to
the dielectric constants of benzene, Bu,O, DCM and water (in increasing order of ¢).

Our results systematically indicate a preference for the folded conformation of dimer 1°.
These results should not be taken quantitatively, since entropic effects (stabilizing the open

form) are not included. On the other hand, the trend of relative energies demonstrates how
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increasing the solvent’s polarity shifts the equilibrium between the two forms towards the

open conformation.

5 Absorption spectra: vibronic resolution

v=1260cm-! v =1305 cm™!

v =1273cm™’ v=1313 cm™!

v = ‘12899"1‘1 v =1338 cm""

Figure S7: Frequency modes of 1 computed at the wB97X-D potentially involved in the
vibronic profile of absorption spectra (experimental vibronic gap ~1260 cm™1).

v =1340 cm-! v =1395 cm-

v =1393 cm-! v =1427 cm-"

Figure S8: Frequency modes of 3 computed at the wB97X-D potentially involved in the
vibronic profile of absorption spectra (experimental vibronic gap ~1320 cm™1).

6 Diabatization of low-lying states

6.1 Diabatization scheme: Edmiston-Ruedenberg localization

Diabatic electronic states {|=;)} are obtained through the mixing of N adiabatic states {|¢;)}

via a rotation matrix U as:
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N
Z) = Z 19;)Uji; i =1..N (5.3)
=1

There are several techniques for generating the rotation matrix U using a variety of dif-
ferent approaches. This rotation matrix is chosen by optimizing some diabatization function
f(U). In this case we use the Edmiston-Ruedenberg (ER) diabatization scheme, correspond-

ing to the maximization of self-interaction energy:

fer(U) = fer({|Z)} Z/dR /dR (Eilp( R2|R:11><§’2P’(R1) Ei) (S.4)

where the density operator at position R is

=> R 1) (S5)
J
and rU) represents the position of the j-th electron.

6.2 Decomposition in the diabatic basis: dimers

Table S11: Contributions (in %) of the diabatic states (Ziner and Ziya) for the eight lowest
adiabatic states (S;, i = 1,8) of dimer 1’.

state Zinter Zintra

Sy 67 33
S 74 26
Ss 66 34
Sa 23 7
Ss o4 46
Se 33 67
S7 34 66
Ss 49 51

26



Table S12: Contributions (in %) of the diabatic states for the ten lowest adiabatic states
(S’ia 1= 17 10) of dimer 3’. Zinter = ZQ + Z3 + Z7 + Zg, Zintra = Zl + Z4 -+ Zg + ZlO and
Zmeso = ZB + ZG-

state Zinter Zintra Zmeso

Sy 60 38 2
S 72 27 1
Ss 14 86 0
Sy 11 89 0
Ss 22 20 o8
Se 46 18 36
S7 43 32 25
Sg 31 7 62
So 22 70 8
S1o 80 10 10

6.3 Electronic Hamiltonians

By definition, the adiabatic states of a system {|¢;)} are those electronic states that diago-
nalize the electronic Hamiltonian, assuming that the nuclei are fixed. The spectrum ({E}})
of these adiabatic states yields fixed-nuclei energies for the ground and excited electronic
states of a system. The off-diagonal elements of the Hamiltonian (H;; = (Z;|H|Z;)) are

known as electronic couplings.

6.3.1 Electronic Hamiltonians of curcumin monomers

Diabatic Hamiltonian (Hg,,) and adiabatic energies (E,4) for curcumin derivative 1 com-
puted at the B3LYP/6-31+G(d) level within TDA in vacuum (values in eV):

392 0.22 9.08
H,;,, — By = 6
diab [ 022 3.22 ] d [ 3.42 ] (56)

Diabatic Hamiltonian (Hg;,,) and adiabatic energies (E.4) for curcumin derivative 2 com-
puted at the B3LYP/6-31+G(d) level within TDA in vacuum (values in ¢V):

2.94 0.02 2.94
H iab — ) Ea = S7
et [ 0.02 3.30 ] ! [ 3.30 ] (5:)

Diabatic Hamiltonian (Hg,,) and adiabatic energies (E,q) for curcumin derivative 3 (§ =
90°) computed at the B3LYP /6-31+G(d) level within TDA in vacuum (values in eV):

3.25 0.33 —0.02 2.92
Hyp = | 033 325 002 |; Egg= | 3.32 (S.8)
—0.02 0.02 3.32 3.59
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Diabatic Hamiltonian (Hg,,) and adiabatic energies (E,q) for curcumin derivative 3 (§ =

62°) computed at the B3LYP/6-31+G(d) level within TDA in vacuum (values in eV):

3.11 033  0.04 2.56
Hyiop = | 0.33 3.11 —0.04 |; Eqq= | 3.18 (S.9)
0.04 —-0.04 2.72 3.21

6.3.2 Electronic Hamiltonians of curcumin dimers

Diabatic Hamiltonian (Hy;,,) and adiabatic energies (E,4) for curcumin derivative dimer 1’
computed at the B3LYP/6-314+G(d) level within TDA in vacuum (values in eV):

[ 315 020 0.02 0.00 0.03 013 —0.18 —0.07 | [ 2.48 |

0.20 3.15 0.00 011 001 003 004 0.15 2.90

0.02 0.00 3.15 020 011 014 —0.15 —0.03 3.03

oy — 0.00 0.11 020 3.15 011 —0.08 —0.03 —0.02 B, 3.10
0.03 0.01 011 011 320 011 0.14 —0.05 3.28

0.13 0.03 0.14 —0.08 0.11 3.20 0.11 —0.16 3.33

—0.18 0.04 —0.15 —0.03 0.14 0.11 3.29 0.09 3.39

| —0.07 0.15 —0.03 —0.02 —0.05 —0.16 0.09 3.29 | | 3.41 |

(S.10)

Diabatic Hamiltonian (Hy;,,) and adiabatic energies (E,4) for curcumin derivative dimer 2’
computed at the B3LYP/6-31+G(d) level within TDA in vacuum (values in eV):

[ 2.92 0.00 0.00 0.00 0.00 0.00 0.00 0.00 | [ 2.92
0.00 2.95 0.00 0.00 0.00 0.00 0.00 0.00 2.95
0.00 0.00 2.98 0.01 0.00 0.00 0.00 0.00 2.98

Ho, — 0.00 0.00 0.01 3.04 0.00 0.00 0.00 0.00 B, — 3.04 $.11)

0.00 0.00 0.00 0.00 3.22 0.01 0.00 0.00 3.22
0.00 0.00 0.00 0.00 0.01 3.27 0.00 0.00 3.27
0.00 0.00 0.00 0.00 0.00 0.00 3.28 0.02 3.28

| 0.00 0.00 0.00 0.00 0.00 0.00 0.02 3.28 | 3.28 |
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Diabatic Hamiltonian (Hy;,,) and adiabatic energies (E,4) for curcumin derivative dimer 3’

computed at the B3LYP/6-314+G(d) level within TDA in vacuum (values in eV):

[ 2,50 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00 [ 2.39
0.00 2.60 -0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.40
0.00 -0.19 2.62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.58
0.12 0.00 0.00 2.66 0.00 0.00 0.00 0.00 0.00 0.00 2.69

H = 0.00 0.00 0.00 0.00 2.v2 0.16 0.00 0.00 0.00 0.00 B, - 2.73
0.00 0.00 0.00 0.00 0.16 2.73 0.00 0.00 0.00 0.00 2.75
0.00 0.00 0.00 0.00 0.00 0.00 277 -0.09 0.07 0.07 277
0.00 0.00 0.00 0.00 0.00 0.00 —-0.09 277 0.07 0.07 2.89
0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.07 278 —-0.08 291
| 0.00 0.00 0.00 0.00 0.00 0.00 0.07 —=0.08 0.07 2.79 | | 2.93 |
(S.12)

7 Fragment charge distribution
7.1 Curcumin derivatives: monomers

Table S13: Relative Mulliken fragment charges of diabatic states of curcumin monomers
1-3 with respect to the ground state charge distribution computed at the B3LYP /6-31+G(d)
level.

Comp. State Fragment
PMP; DOB PMP,
1 Zy 0347 -0.322 -0.025

Zy -0.031 -0.326 0.357

TPA DOB PMP

2 Z 0.450 -0.392 -0.057

Zy 0.038 -0.374 0.343
PMP, DOB PMP, mPh
3 Z; 0.345 -0.325 -0.020 0.000
0=90° Zy -0.020 -0.325 0.345 0.000
I3 0.042 -0.400 0.042 0.315
3 Z 0.346 -0.323 -0.020 -0.002
0=62° Zy -0.001 -0.324 0.347 -0.010
Z3 0.040 -0.394 0.050 0.302
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Table S14: Relative Mulliken fragment charges of adiabatic states of curcumin monomers
1-3 with respect to the ground state charge distribution computed at the B3LYP /6-31+G(d)
level.

Comp. State Fragment
PMP,; DOB PMP,
1 Sh 0.113 -0.234 0.120 -

S 0.203 -0.415 0.212 -
TPA DOB PMP

2 Sh 0.449 -0.391 -0.057 -

S 0.021 -0.362 0.341 -
PMP, DOB PMP; mPh
3 Sy 0.110 -0.235 0.120 0.005
60 =90° S 0.042 -0.400 0.042 0.315
Ss 0.205 -0.420 0.210 0.005
3 Sy 0.067 -0.330 0.066 0.190
0=62° 5 0.142 -0.354 0.139 0.071
Ss 0.157 -0.346 0.156 0.033

7.2 Curcumin derivatives: dimers

Table S15: Relative Mulliken fragment charges of diabatic states of curcumin dimer 1’
(folded) with respect to the ground state charge distribution computed at the B3LYP/6-
31+G(d) level. Nomenclature: PMP;,-DOB;-PMP;;-(CHy)s-PMPo,-DOB,-PMPs, .

Fragment
diabat PMP,, DOB; PMP;, PMP,, DOB, PMPy,
Z 0.000 -0.310 0.012  0.000 -0.037 0.335
Zy 0.010 -0.310 0.000  0.340 -0.040 0.000
Zs 0.000 -0.036 0.338  0.000 -0.310 0.008
Zy 0.338 -0.026 0.000  0.001 -0.315 0.000
Zs 0.000 -0.111 0.111 0.109 -0.109  0.000
Zg 0.109 -0.110 0.000  0.000 -0.109 0.110
Z7 0.000 -0.110 0.110  0.000 -0.111 0.111
Z3 0.109 -0.109 0.000  0.110 -0.110 0.000
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Table S16: Relative Mulliken fragment charges of diabatic states of curcumin dimer 2’
(V-shape) with respect to the ground state charge distribution computed at the B3LYP/6-
31+G(d) level. Nomenclature: TPA;-DOB;-PMP;-(CHsy)s-PMP2-DOB,-TPAs.

Fragments
diabat TPA; DOB; PMP; TPA; DOB; PMP,
Zy,Zy  0.450 -0.400 -0.050 0.450 -0.450 -0.050
Zs,Zy  0.210 -0.260 0.085 -0.018 -0.155 -0.100
Zs, 2 0.145  -0.190 0.0520 -0.005 -0.210 0.100
Z7,Zs  0.030 -0.370 0.335 0.030 -0.370 0.335

Table S17: Mulliken analysis of the difference in charge in comparison to the ground state
for the adiabatic states for the dimer 2’ (V-shape) computed at the B3LYP/6-31+G(d)
level. Nomenclature: TPAl—DOBl—PMPr(CHQ)8—PMP2—DOBQ—TPA2.

Fragment
state TPA; DOB; PMP; TPA, DOB; PMP,
Sy 0422 -0.394 -0.008 0.392 -0.476 0.065
Sy 0.398 -0.469 0.071 0.418 -0.408 -0.009
Ss 0216 -0.256 0.012 0.038 -0.146 0.135
Sy 0.032 -0.143 0.133 0.219 -0.257 0.013
Ss;  0.164 -0.168 0.078 0.007 -0.187 0.103
Se¢  0.003 -0.186 0.100 0.170 -0.164 0.077
Sy 0.034 -0.360 0.335 0.014 -0.362 0.339
Sg 0.011 -0.361 0.338 0.039 -0.360 0.333
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Table S18: Mulliken analysis of the difference in charge in comparison to the ground state
for the diabatic states of dimer 3’ (folded form) computed at the B3LYP /6-314+G(d) level.
Nomenclature: (mPh;,PMP1,)-DOB;-PMP,-(CH;)s-PMPg,-DOBo-(PMPy,,mPhs,).

Fragment
diabat mPh, PMP,, DOB; PMP,, PMP,, DOB; PMP,y, mPhy
Z -0.006 0.199 -0.193 0.006  0.006 -0.194 0.211 -0.070
Zy 0.001  0.152 -0.091 0.006  0.005 -0.163 0.089  0.001
Zs 0.002 0.090 -0.162 0.006  0.004 -0.090 0.149 0.001
Zy 0.001  0.078 -0.169 0.039  0.063 -0.111 0.096  0.002
Zs 0.002  0.005 -0.002 0.002  0.041 -0.379 0.042  0.287
Zg 0.291 0.041 -0.379 0.039  0.006 -0.004 0.003 0.002
Ly 0.111  0.0563 -0.211 0.048 0.044 -0.210 0.051 0.113
Z3 0.109 0.049 -0.210 0.044 0.056 -0.207 0.050 0.111
Zy 0.113  0.045 -0.211 0.051 0.062 -0.210 0.061  0.109
Z10 0.107  0.052 -0.209 0.045 0.050 -0.210 0.053  0.112

8 Splitting of S; and S, in dimer 2’

The evaluation of the (classical) dipole-dipole interaction (equation S.13) corresponding to
the interaction between monomeric excitations in dimer 2’ has been done by considering the
following parameters from S; transition in monomer 1 and the optimized V-shape structure
of dimer 2’ in DCM solution at the B3LYP/6-31+G(d) computational level.

1 [d;-ds (R-d;)(R-dy)

—3 (S.13)

AE =
dmeo | |RP R[S

where d; are the transition dipole moments for the two monomers, R is the distance between
the two dipoles and AF is the energy shift of the excitation energies of the dimer with
respect to the transition energy for the monomer. Data: |d;| = 36.3865 D; |R| = 18.52 A;
012 = 65.36°; 012 = 65.36°; 6 = 57.79°; Oy = 56.85°.
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‘ |d1Hd2| (‘.DSHU = d1 'dz
‘dlllRl 00591 = d1 ‘R

|da||R|cosby = dy - R
Figure S9: Dipole-dipole interaction representation for dimer 2’.

The gap between the two lowest singlet states of the dimer, i.e. Davydson splitting, is
obtained as the sum of the energy shifts corresponding to in-phase and out-of-phase combi-
nations of the d; and d, dipoles and corresponds to AEp,, = 2AFE = 0.11 V.

9 Dimer 2’: CAM-B3LYP calculations

Electronic structure of low-lying states of curcumin dimers 1’ and 3’ obtained with hybrid
GGA (B3LYP) and long-range corrected (CAM-B3LYP) functionals provide qualitatively the
same transitions with excitation energies systematically larger for CAM-B3LYP. On the other
hand, the nature of electronic transitions (beyond S, state) in 2° present larger discrepancies
between B3LYP and CAM-B3LYP due to the large interchromophoric separation in 2’ and
the strong stabilization of inter-CT transitions by non LRC functionals, such as B3LYP. In

the following we present additional calculations on the singlet excited states of dimer 2’.

Table S19: Excitation energies (in €V) and oscillator strengths (in parenthesis) computed at
the CAM-B3LYP/6-31+G(d) level within TDA in gas phase for the open form of 2’ dimer.

dimer state AFE strength

Sy 373 1.965

Sy 3.73  1.906

Ss 4.00  0.898

2’ Sy 400  0.867
(V-shape) S5 4.34  0.006
S 4.35  0.005

S, 445 0015

Sg 446  0.172
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Table S20: Diabatic excitation energies (in eV) computed at the CAM-B3LYP/ 6-31+G*
level (within TDA) in gas phase for the V-shaped form of 2’ dimer.

dimer state AFE

Zy  3.73

Zy  3.73

Zs  3.99

2’ Zy  4.00
(V-shape) Z; 4.32
Zs 434

Zr 445

Zs  4.45

Table S21: Mulliken analysis of the difference in charge in comparison to the ground state for
the two diabatic states for the dimer 2’ (V-shape) computed at the CAM-B3LYP /6-31+G(d)
level. Nomenclature: TPA;-DOB;-PMP;-(CHs)s-PMP5-DOB,-TPA,.

Fragment
diabat TPA; DOB; PMP; TPA, DOB; PMP,
Zh,Zs  0.430 -0.420 -0.010 0.430 -0.420 -0.010
Zs,Zy  0.030 -0.370 0.335 0.030 -0.370 0.335
Zs 0.000 -0.080 0.210 0.000 -0.150 0.020
Zg 0.000 -0.150 0.020 -0.005 -0.080 0.210
Z7 0.150 -0.050 0.015 0.000 -0.120 0.005
Z3 0.000 -0.120 0.005 0.150 -0.050 0.015
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