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Binding models

For simplicity, we use the following notations in the sections below. AzaPc is denoted as host (H), i.e.
AzaPc = H, and ligand (pyridine, piperidine, N-methylimidazol, triethylamine, etc.) is denoted as L.

General binding model used in this study

The binding interaction between two hosts (H) with subsequent formation of J-dimer (H,) and host (H)
and guest ligand (L) with the formation of HL complex is described by the following equilibrium
Equations S1-S2.

Ky

H+H H, (51)
K

H+L — HL (52)

Where Kp is the equilibrium dimerization binding constant for the formation of AzaPc J-dimer H,, and
K1 is the equilibrium binding constant for the association between the monomeric AzaPc's central
cation and the coordinating ligand describing the formation of HL complex.

While Kp and K; are step-wise binding constants that describe well-defined mechanisms, we can also
define, for practical reasons, an apparent binding constant K, which is used in ligand-induced J-dimer
disassembly experiments by the following equilibrium Equation S3.

K
H,+2L <~ 2HL (s3)

Then, the following formulas hold for binding constants and mass balances:

b= s (s4)
_ [HL]
1= T (S5)
_ _[HLP?
b R (56)
[H]e = [H] + [HL] + 2[H,] (57)
[L]e = [L] + [HL] (8)

Where [H]: and [L]: are the total analytical concentrations of H and L, respectively. The square brackets
“['1” denote the concentrations of indicated species.

Note that the combination of Equations S4-S6 shows that the apparent binding constant is a
combination of step-wise constants with the following form, which can be conveniently used for the
determination of K, or K3, depending on the formulation of the equations (in our case, the K is primarily
evaluated during the fitting procedures).

2
K =% 5 k= /KK, (S9)

Kp

Expressing terms [H,] and [HL] from Equations S4 and S5, respectively, and substituting into Equations
S7 and S8 yields the following formulas.
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[H]; = [H] + K; [H][L] + 2Kp[H]? (S10)
[L]; = [L] + Ky [H][L] (S11)

Expression of the term [L] from Equation S11 gives Equation S12.

_ L
L= (512)

Substitution of [L] from Equation S12 into Equation S10 yields (after some rearrangements) the formula
for [H] in the form of a third-order algebraic equation (Equation S13).

2K, Kp[H]® + (K + 2Kp)[H]* + (1 + Ky [L], — K1 [H])[H] = [H]; = 0 (513)

Solution of Equation S13 using a numerical bisection method in the interval [H] [0, [H]:] yields the
concentration of free AzaPc host [H]. The concentrations of other species, such as [L], [HL], and [H2]
can be obtained by subsequent evaluation of Equations S12, S5, and S4, respectively.

Temperature-induced disassembly of J-dimers
In order to determine Kp, we use equilibrium Equation S1 and corresponding Equations S4 and S7 (with
[HL]=0). This model has an exact analytical solution in the form of Equations $S14 and S15.

[H] = —th/1*+8Kp[H]e ZZKD [File (514)
[Hz] _ 1+41<D[H]t8—K,D/1+8KD[H]t (515)

Then, the theoretical UV-vis (Equation S16) and fluorescence (Equation S17) binding curves are
constructed as follows.

A = d(ey[H] + 2e4,[H;]) (516)
F = py[H] + 2py,[H;] (517)

Since we use a temperature-induced J-dimer disassembly experiment, the temperature-dependent
expression for the Kp constant is used in the following form.

AH-TAS

Kp =e ~RT (518)

Where A and F correspond to observed absorbance and fluorescence at a particular wavelength. The
en and &4, are molar extinction coefficients of H and H; species, respectively, and d is path length (in
cm). The ps and pu; are proportionality constants for H and H; species, respectively. The AH and AS are
the enthalpy and entropy of the dimerization process, respectively. T is the absolute temperature, and
R is the gas constant.

The binding curves (Equations S16 and S17 together with input from Equations S14, S15, and S18) are
fitted (using a non-linear least squares fitting procedure) to experimental data (with free parameters
AH, AS, ey, €42, pr, and prz2). The value of the J-dimerization binding constant Kp at 23 °C (298.15 K) is
determined by Equation S18 and further used in the following parts of the binding studies.
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Ligand-induced disassembly of J-dimers at constant temperature (23 °C)

We use the solution of the general binding model described in section “General binding model ...”, i.e.,
we have access to [H], [L], [HL], and [H:] concentrations through the procedure described in the
“General binding model ...” section. Then, the UV-vis (Equation S19), fluorescence (Equation S20), and
NMR (Equation S21) binding isotherms for ligand-induced disassembly of J-dimers at constant
temperature (23 °C) with known J-dimerization constant Kp have the following forms.

A = d(ey[H] + 2&y,[H,] + eny, [HL]) (519)
F = py[H] + 2py,[H,] + pur [HL] (520)
My, = M, - 2[H,]/[H]; (521)

Where A and F correspond to observed absorbance and fluorescence at a particular wavelength. The
€n, w2, and en. are molar extinction coefficients of H, H,, and HL species, respectively, and d is path
length (in cm). The py, pu2, and puL are proportionality constants for H, Hy, and HL species, respectively.
The My, is the magnetization corresponding to the AzaPc J-dimeric form, which is proportional to the
fraction of J-dimer concentration in the solution with proportionality constant M.

The binding curves (Equations $19, S20, and S21, together with the known value of Kp and [H], [L], [HL],
and [H;] values obtained from the procedure described in “General binding model ...” section) are fitted
(using a non-linear least squares fitting procedure) to experimental data (with free parameters Ki, &y,
Ena, EHL, PH, PH2, PrL, and Mo). Through this process, we obtain the step-wise binding constant K; and the
apparent binding constant binding constant K, which can be calculated using Equation S9.
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HSQC experiment with 3Zn
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Figure S1. HSQC experiment of 3Zn in toluene-ds. Asterisk marks residual of solvents. Boxed area is
zoomed and integrated in Figure S2.
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Figure S2. HSQC experiment of 3Zn in toluene-ds. Asterisk marks residual of solvents. Signals

(integrated) belong to hydrogen on methylene groups next to amino nitrogen.
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DOSY experiment with 3Zn
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Figure S3. H diffusion ordered spectroscopy (DOSY) spectrum (500 MHz) of 3Zn (2.2 mM, toluene-ds)
at 25 °C: (a) in the absence of NMI and (b) in the presence of NMI (5 equiv.). DOSY signals of monomer
(Dmonomer = (3.9 + 0.6)x10° m? st) and dimer (Dgimer = (3.2 * 0.5)x 10° m? s!) are denoted by red
rectangles.

S8



Fluorescence spectra in toluene
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Figure S4. Absorption (blue), emission (red, Aex = 588 nm ) and excitation (green, dashed, Aem = 820 nm)
spectra of compounds 1Zn-10Zn in toluene (c = 2 uM). Emission spectra were normalized to 1.0,
excitation spectra were normalized to have the same value as in the absorption spectra in Q-band.
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Absorption and emission spectra from temperature experiments
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Figure S5. Changes in emission or absorption spectra of AzaPcs in toluene as a function of

temperature (blue line belongs to starting spectrum at 10°C). After reaching 100°C, pyridine (25 mL of
pyridine (0.12 M)) was also added to assure full monomerization (purple line) and was considered as
maximum fluorescence of monomer. In plot graphs, dots always show experimental data and curves
represent fits of the binding model.
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Figure S6. Changes in emission spectra of AzaPcs in toluene as a function of temperature (blue line
belongs to starting spectrum at 10°C). After reaching 100°C, pyridine (25 mL of pyridine (0.12 M)) was
also added to assure full monomerization (purple line) and was considered as maximum fluorescence
of monomer. In plot graphs, dots always show experimental data and curves represent fits of the

binding model.
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Absorption and emission spectra from titrations
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Figure S7. Titration of AzaPcs 1Zn-5Zn in toluene by addition of pyridine. In plot graphs, dots always
show experimental data and curves show mathematical fit. Concentration of AzaPc solutions was

1 uM for 1Zn; 10 uM for 2Zn, 4Zn and 5Zn; 15 uM for 3Zn. In plot graphs, dots always show
experimental data and curves represent fits of the binding model.
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Figure S8. Titration of AzaPcs 5Zn, 6Zn, 8-10Zn in toluene by addition of pyridine. In plot graphs, dots
always show experimental data and curves show mathematical fit. Concentration of AzaPc solutions
was 1 uM for 6Zn; 10 uM for 5Zn, 8-10Zn. In plot graphs, dots always show experimental data and
curves represent fits of the binding model.

513



[} .

S 2.0 20 3 1.2¢10° .
N o @© . 1x108 « 750nm

g é 1o % 15 § 8x10° — fit676 nm
£ % 1.0 g 1.0 8 6x105 — it 750 nm
S 2 2 g

- 0.5 < 0.5 . 662 nm H

° 6.0 0.0 — fit 662 nm S E o

£ 400 550 700 0.000 0.005 0.010 0.015 700 800 900 0.000 0.005 0.010 0.015
[]

2 Wavelength, nm c (M) Wavelength, nm c, M

- 25 5 3
' © ® 6x104
@ [+ ]
g £.; g 20 g g
S £ 818 S £ 4x10*
e 1.0 o o — fit 674 nm
8_ E §1_o @ o 2x10° — fit741 nm
3 < 0.5 <05 + 660Am S S
0.0 0.0 — fit 660 nm E J . I.|_=., 0
400 550 700 0.00 0.01 0.02 0.03 700 800 900 0.00 0.01 0.02 0.03
Wavelength, nm c (M) Wavelength, nm c, M
[} 2.0 2.0 5 1x108
= % 8x108 = . 7500m
.'6 8 15 8 15 & 68"105 * B674nm
s 0§ 5 Q 6x108 8 o105 — 674 nm
> e10 E10 Q [] — fit 751 nm
2 o g @ 4x10° 2 4x10°
e [} ]
4 <08 <05 s eomm g 2¢10° § 2x10°
< 0.0 0.0 —meam o &8 T
400 550 700 0.00 0.02 0.04 0.06 700 800 900 0.00 0.02 0.04 0.06
Wavelength, nm c, M Wavelength, nm c, M
. . .
2.0 g . z 2x10 . &740m
815 ) g 10 a4l .5x108 * 757nm
® 5 . g o o — fit 674 nm
c =2 o S 1x108 S
:a = 1.0 = 8 8 1x106 — fit 757 nm
T 2 2 -~ 8
3: g 0.5 g * 660 nm § 5x10 § 5x10°
0.0 0 — fit 660 nm e 0 o ™ 0
400 550 700 0.0 0.1 0.2 700 800 900 0.0 0.1 0.2
Wavelength, nm c, M Wavelength, nm c, M
] 35 1x108
o 2.0 © © « B74nm
£ 8 r ¢ 8x10° . 7500m
E 51.5 g E’sxms — fit674 nm
© o @ o — it 750 nm
E‘ S 1.0 § § 4x105
T 05 S S 2x10°
'.E 0.0 0.0 — fit 659 nm o 0 i 0
400 550 700 00 03 06 09 700 800 900 00 03 06 09
Wavelength, nm c, M Wavelength, nm c, M

Figure S9. Titration of AzaPc 2Zn (10 uM) in toluene by addition of different ligands. In plot graphs, dots
always show experimental data and curves represent fits of the binding model.
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Absorption and emission spectra from negative control
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Figure S15. (a) Structure of 2,3,9,10,16,17,23,24-octakis(tert-butylsulfanyl)-1,4,8,11,15,18,22,25-
octaazaphthalocyaninato zinc(ll), and (b) its titration of toluene solution (10 uM) by addition of
different ligands.
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Association constants from literature

Table S1. Literature reported association constants K1 between ZnPc or zinc(ll)naphthalocyanine (ZnNc) and pyridine or NMI ligands. For detailed structures,
the reader is referred to the original documents.

Type of ZnPc Modification of ligand  Solvent K1 for pyridine, Mt Ki for NMI, Mt Ref.
Dialkylamino AzaPcs - Toluene 1.54 x 10° 5.82 x 10° This work
20Zn - Toluene 6.05 x 10* 9.73 x 10° This work
(BuO)sZnPc - Toluene - 2.85x 10° !
(tBu)aZnPc - Toluene 6.1x 103 - 2
(tBu)sZnPc AzaBODIPY o-dichlorobenzene 7.8 x 10* 1.3x10° 3
(tBu)aZnNc AzaBODIPY o-dichlorobenzene 2.2 x 10* 2.3x10° 3
(C7H150)4ZI’IPC Such(3—OPy) DMF 6.1 x 103 - 4
(C7H150)4ZI’IPC Such(4—OPy) DMF 3.1x10° - 4
(tBu)sZnPc Ceo n.a. 4.8 x 103 - >
(tBu)sZnPc AuPorphyrin o-dichlorobenzene  2.94 x 10* - 6
(RSO,)sZnPc Corrole CDCls >10° - 7
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Figure S17. 'H NMR (500 MHz, CDCls3) of 12. Asterisk marks residual of solvents.
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Figure $18. 3C NMR (126 MHz, CDCls) of 12. Asterisk marks residual of solvents.
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Fig S20. *C NMR (126 MHz, CDCls) of 13. Asterisk marks residual of solvents.
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Fig S22. *C NMR (126 MHz, CDCls) of 14. Asterisk marks residual of solvents.
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Fig S24. *C NMR (126 MHz, CDCls) of 15. Asterisk marks residual of solvents.
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Fig $25. 'H NMR (500 MHz, CDCls) of 16. Asterisk marks residual of solvents.
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Fig S26. 1*C NMR (126 MHz, CDCls) of 16. Asterisk marks residual of solvents.
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Fig $27. 'H NMR (500 MHz, DMSO-ds) of 17. Asterisk marks residual of solvents.
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Fig $28. 3C NMR (126 MHz, DMSO-ds)of 17. Asterisk marks residual of solvents.
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Fig S36. 1*C NMR (126 MHz, pyridin-ds)of 4H2. Asterisk marks residual of solvents.
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Fig S37. 'H NMR (500 MHz, pyridin-ds) of 6H2. Asterisk marks residual of solvents.
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Fig S60. 1*C NMR (150 MHz, pyridin-ds) of 20H2. Asterisk marks residual of solvents.
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