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Preparation 

 Synthesis of 1: H2DPP and 2-anthracene sulfonic acid were mixed in toluene.  On 

the green solution of the mixture, methanol was pored slowly to give a two-layered 

solution.  The slow diffusion of the methanol gave green crystals of 1.  Absorption 

maximum in PhCN (λmax, nm (ε, M–1 cm–1)); 485 (1.4 ×105), 725 (1.9 ×104). 

Synthesis of 2: The green crystals of 2 were obtained by using CH2Cl2 in place of 

toluene in the procedure for 1.  Elemental analysis: calcd for 2•CH3OH•CH2Cl2 

(C201H144N8O8S2Cl2); C 82.27, H 4.95, N 3.82 %.  Found: C 82.29; H 4.83, N 3.89 %. 

Absorption maximum in PhCN (λmax, nm (ε, M–1 cm–1)); 492 (1.5 ×105), 726 (2.4 ×104). 

Synthesis of 3:  The green crystals of 3 were obtained by the same method as that for 1 

by using 2-anthracene carboxylic acid in place of 2-anthracene sulfonic acid.  

Elemental analysis: calcd for 3•CH3OH•H2O (C124H92N4O7): C 85.10, H 5.30, N 3.20 %.  

Found: C 85.37, H 5.08, N 3.22 %.  Absorption maximum in PhCN (λmax, nm (ε, M–1 

cm–1)); 505 (1.5 ×105), 743 (3.4 ×104). 

 

Details of X-ray crystallography. 

For the structure refinements of 1 and 2, the SQUEEZE program1 was applied to 

remove unspecified solvent molecules of crystallization except the hydrogen-bonded 

methanol molecules.  In the data processing for 3, the HKL2000 program2 was applied 

to use diffractions in the range from 6.79 Å (low) to 1.00 Å (high) in resolution.  All 

structures were solved by direct methods by using the CrystalStructure program 

package (Rigaku Corp.) and SHELX-97.   

In the crystal structure of 1, the occupancy of the two sets of disordered 2-AN-SO3
– 

anions were set to be 0.5.  We set the occupancies of two of the hydrogen-bonded 

methanol molecules to be 0.5 and could not set the O-H proton of hydrogen-bonded 

methanol molecule due to the disorder.  In the case of 2, severe disorder of 

hydrogen-bonded methanol molecule did not allow us to fix all of its hydrogen atoms.  
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In addition, all the hydrogen atoms of methanol molecule of crystallization could not be 

set even at calculated positions in the structure of 3, due to its severe disorder. 

 

Table S1 Crystallographic data for 1 - 3. 

 1 2 3 

formula C107H75N4O4S C101H68Cl2N4O4S C144H106N4O5 

mol weight 1512.77 1504.64 1972.45 

crystal system monoclinic triclinic monoclinic 

space group P21/a (no. 14) P-1 (no. 2) P21/c (no. 14) 

a, Å 15.291(5) 16.024(3) 18.383(1) 

b, Å 24.074(9) 16.575(3) 20.782(1) 

c, Å 24.824(9) 18.866(4) 29.219(1) 

α, deg  74.873(7)  

β, deg 90.017(9) 79.655(8) 103.722(1) 

γ, deg  68.318(7)  

V, Å3 9138(6) 4475.6(16) 10844.1(9) 

Z 4 2 4 

T, K 123 123 123 

No of diff measd 85079 18122 11309 

No of diff unique 20711 16425 11309 

Rint 0.0748 0.028 0.054 

R1 (Rw) (I > 2σ(I)) 0.1052 (0.2919) 0.0926 (0.2992) 0.0499 (0.1301) 

R (Rw) (all data) 0.1560 (0.3302)   

GOF 1.006 0.975 1.039 

CCDC number CCDC-727605 CCDC-727606 CCDC-727607 
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Fig. S1 Interatomic distances of hydrogen bonding in the crystal structures of 1 (a), 2 

(b), and 3 (c). 
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Fig. S2 Intra-supramolecular π-π interactions found in 1 (a) and 2 (b).  Values are 

given in the unit of angstrom.  Hydrogen atoms are omitted for clarity.   
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Fig. S3 Crystal structures of 3.  Gray carbon, blue nitrogen, red oxygen,  Hydrogen 

atoms and solvent molecules of crystallization are omitted for clarity.   
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Fig. S4 The displacement of each atom from the least-squares mean plane of porphyrin  

(in units of 0.01 Å) in 1 (a), 2 (b) and 3 (c).  
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Fig. S5 Absorption spectra of single crystals of 1 (a) and 2 (b) in PhCN (red lines).  

Dotted lines are spectra obtained upon addition of 1 eq of 2-AN-SO3H for (a) and 0.5 eq 

of 2,6-AN-(SO3H)2 for (b).   
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Fig. S6 Absorption spectral change in the course of titration of H2DPP in DMSO with 

2-AN-SO3H (a), 2,6-AN-(SO3H)2 (b), and 2-AN-COOH (c).  Inset:  (a) Absorbance 

change at 480 nm (red line) and 505 nm (black line); (b) that at 493 nm (red line) and 

470 nm (black line); (c) that at 750 nm (red line) and 480 nm (black line).  The 

concentration of H2DPP were 1.1 × 10–5 M for 2-AN-SO3H, 7.0 × 10–6 M for 

2,6-AN-(SO3H)2 and 1.0 × 10–5 M for 2-AN-COOH. 
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Fig. S7 1H NMR spectral change of H2DPP upon addition of 2-AN-SO3H (a) and 

2-AN-COOH (b) in DMSO-d6 at room temperature.   
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Fig. S8 Change of fluorescence spectra of H2DPP (black line) in PhCN with 

photoexcitation at 450 nm upon addition of 2-AN-SO3H (a) and 2-AN-COOH (b):  

Red line, addition of 1 eq of the corresponding acid; blue line, addition of 2 eq of the 

corresponding acid.   
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Fig. S9 Absorption spectral change in the course of titration of H2DPP with 

2,6-AN-(SO3H)2 in PhCN at room temperature: (a) addition of 0 - 0.5 eq of the acid 

(inset: absorbance change at 493 nm (red dots) and 470 nm (black dots)); (b) addition of 

0.5 - 2.5 eq of the acid.  The concentration of H2DPP was 6.7 × 10–5 M. 
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Fig. S10 DPV traces for H2DPP upon addition of 2-AN-SO3H in PhCN (a) and 

2-AN-SO3H in DMSO (b) and 2-AN-COOH in DMSO (c): Measured in the presence of 

0.1 M [(n-butyl)4N]PF6 as an electrolyte under Ar at room temperature.  The number 

of equivalents of acid added in each step is given in the figure. 
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