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Fig. S1: pH profile 
 

 

 

 

Fig. S1 (A) Absorption and (B) Fluorescence spectra of dpa-QZ1 with various pH in 

1% DMSO-99% water (v/v), adjusted by HEPES/NaOH buffer, at 25 °C (λex = 355 

nm). [dpa-QZ1] = 10 µM, [HEPES buffer] = 5.0 mM, [NaNO3] = 0.10 M 



3 

 

 

 

 

 

 

  

Fig. S1 (C) Absorption and (D) Fluorescence spectra of dpa-QZ2 with various pH in 

1% DMSO-99% water (v/v), adjusted by HEPES/NaOH buffer, at 25 °C (λex = 345 nm). 

[dpa-QZ2] = 10 µM, [HEPES buffer] = 5.0 mM, [NaNO3] = 0.10 M 
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Fig. S2: Cu Titration Curve 

 

 

 

 

 

  

Fig. S2 Fluorescence spectra and Fluorescence change at fluorescence maximum 

wavelength of dpa-QZ1 and dpa-QZ2 with Cu2+ in 1% DMSO-99% water (v/v), pH7.4 

adjusted by HEPES/NaOH buffer, at 25 °C (λex
dpa-QZ1 = 355 nm, λex

dpa-QZ2 = 345 nm). 

[probe] = 10 µM, [Cu(NO3)2] = 0 – 50 µM, [NaNO3] = 0.10 M. 

Binding Constant: 5.7 x 105 [M-1] 

Binding Constant: 1.1 x 107 [M-1] 
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Fig. S3: Binding Constants of Cu-dpa-QZ1 to Phosphoric Acids   

Fig. S3 Fluorescence spectra and Fluorescence change at 431 nm of Cu-dpa-QZ1 

against (A) Pi, (B) PPi, (C) Tri, (D) AMP, (E) ADP and (F) ATP in 1% DMSO-99% water 

(v/v), pH7.4 adjusted by HEPES/NaOH buffer, at 25 °C (λex = 355 nm). [dpa-QZ1] = 

0.01 mM, [Cu(NO3)2] = 0.02 mM, [phosphoric acid] = 0 - 4 mM, [HEPES buffer] = 5.0 

mM, [NaNO3] = 0.10 M. 
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Fig. S4: Binding Constants of Cu-dpa-QZ2 to Phosphoric Acids 
  

Fig. S4 Fluorescence spectra and Fluorescence change at 486 nm of Cu-dpa-QZ2 

against (A) Pi, (B) PPi, (C) Tri, (D) AMP, (E) ADP and (F) ATP in 5% DMSO-95% water 

(v/v), pH7.4 adjusted by HEPES/NaOH buffer, at 25 °C (λex = 345 nm). [dpa-QZ2] = 

0.01 mM, [Cu(NO3)2] = 0.02 mM, [phosphoric acid] = 0 - 4 mM, [HEPES buffer] = 5.0 

mM, [NaNO3] = 0.10 M. 
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Fig. S5: Comparison Studies of Blue Shift under Hydrophobic Condition 

 

  Fig. S5 Fluorescence spectra of dpa-QZ2 with DMSO concentration changes in 

1% - 100% DMSO in 1% DMSO - 99% water (v/v), and their wavelength shifts, 

pH7.4 adjusted by HEPES/NaOH buffer, at 25 °C (λex = 345 nm). [dpa-QZ2] = 10 

µM, [HEPES buffer] = 5.0 mM, [NaNO3] = 0.10 M.  
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Fig. S6: Metal Ion Selectivity of dpa-QZ1 in the presence of CyDs 

 

 

  

Fig. S6 Fluorescence spectra of dpa-QZ1 (λex = 355 nm) with various metals in the 

presence of (A) -CyD, (B) -CyD, (C) FPB--CyD and (D) FPB--CyD in 1% DMSO – 

99% water (v/v), pH7.4 adjusted by HEPES/NaOH buffer, at 25 °C. F-F0 is the 

fluorescence intensity difference at fluorescence maximum wavelength. [dpa-QZ1] = 

10 µM, [metal(NO3)2] = 20 µM, [CyD] = 5.0 mM, [FPB-CyD] = 0.50 mM, [HEPES 

buffer] = 5.0 mM, [NaNO3] = 0.10 M.  
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Fig. S7: Metal Ion Selectivity of dpa-QZ2 in the presence of CyDs 

  Fig. S7 Fluorescence spectra of dpa-QZ2 (λex = 345 nm) with various metals in the 

presence of (A) -CyD, (B) -CyD, (C) FPB--CyD and (D) FPB--CyD in 1% DMSO – 

99% water (v/v), pH7.4 adjusted by HEPES/NaOH buffer, at 25 °C. F-F0 is the 

fluorescence intensity difference at fluorescence maximum wavelength. [dpa-QZ2] = 

10 µM, [metal(NO3)2] = 20 µM, [CyD] = 5.0 mM, [FPB-CyD] = 0.50 mM, [HEPES 

buffer] = 5.0 mM, [NaNO3] = 0.10 M.  
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Fig. S8: Phosphoric Acids Recognition of Cu-dpa-QZ1 in the presence of 

CyDs 

  Fig. S8  Fluorescence spectra of Cu-dpa-QZ1 (λex = 355 nm) with phosphoric acid 

derivatives (Pi, PPi, Tri, AMP, ADP and ATP) in the presence of (A) -CyD, (B) -CyD, 

(C) FPB--CyD, and (D) FPB--CyD in 1% DMSO – 99% water (v/v), pH7.4 adjusted by 

HEPES/NaOH buffer, at 25 °C. F-F0 is the fluorescence intensity difference at 

fluorescence maximum wavelength. [dpa-QZ1] = 10 µM, [Cu(NO3)2] = 20 µM, [CyD] 

= 5.0 mM, [FPB-CyD] = 0.50 mM, [phosphoric acid] = 1.0 mM, [HEPES buffer] = 5.0 

mM, [NaNO3] = 0.10 M.   
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Fig. S9: Phosphoric Acids Recognition of Cu-dpa-QZ2 in the presence of 

CyDs 

  
Fig. S9  Fluorescence spectra of Cu-dpa-QZ2 (λex = 345 nm) with phosphoric acid 

derivatives (Pi, PPi, Tri, AMP, ADP and ATP) in the presence of (A) -CyD, (B) -CyD, 

and (C) FPB--CyD in 1% DMSO – 99% water (v/v), pH7.4 adjusted by HEPES/NaOH 

buffer, at 25 °C. F-F0 is the fluorescence intensity difference at fluorescence 

maximum wavelength. [dpa-QZ2] = 10 µM, [Cu(NO3)2] = 20 µM, [CyD] = 5.0 mM, 

[FPB-CyD] = 0.50 mM, [phosphoric acid] = 1.0 mM, [HEPES buffer] = 5.0 mM, 

[NaNO3] = 0.10 M.   
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Fig. S10: Phosphoric Acids Recognition of Cu-dpa-QZ2 in the presence of 

CyDs 

  

Fig. S10 Fluorescence spectra and Fluorescence change at 486 nm of Cu-dpa-

QZ2/FPB--CyD against ATP in 1% DMSO-99% water (v/v), pH7.4 adjusted by 

HEPES/NaOH buffer, at 25 °C (λex = 345 nm). [dpa-QZ2] = 0.01 mM, [FPB--CyD] = 

0.50 mM, [Cu(NO3)2] = 0.02 mM, [phosphoric acid] = 0 – 1.5 mM, [HEPES buffer] = 

5.0 mM, [NaNO3] = 0.10 M. 
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Fig. S11: Fluorescence response of dpa-QZ2 to FPB--CyD 
  

Fig. S11 Fluoroscence response of dpa-QZ2 to FPB--CyD (0 – 0.5 mM) in 1% 

DMSO - 99% water (v/v), and their wavelength shifts, pH7.4 adjusted by 

HEPES/NaOH buffer, at 25 °C (λex = 345 nm). [dpa-QZ2] = 10 µM, [HEPES buffer] 

= 5.0 mM, [NaNO3] = 0.10 M.  
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Calculation of the Binding Constants 

The apparent 1:1 binding constants (Kapp) of host molecules with guest molecules (i.e. 

dpa-QZ with metal ions and Cu-dpa-QZ with phosphoric acids) were determined from 

the changes in the fluorescence spectra. With an increase in concentration of guest 

molecules, the fluorescence intensity was also changed (Fig. S3-S5). On the assumption 

that the fluorescence change is only induced by the formation of a 1:1 complex (HG) 

between host molecules (H) and guest molecules (G), the binding constant Kapp can be 

defined as follows: 

 

<Symbols used> 

[H]t: total concentration of host molecules 

[G]t: total concentration of guest molecules 

F: fluorescent intensity : fluorescence quantum yield : device constant 

 

<Theoretical formulas for curve fitting method> 

 

H + G         HG 

Kapp = 
[HG]

[H][G]        …(1) 

[H]t = [H] + [HG]       …(2) 

[G]t = [G] + [HG]       …(3) 

 

From equations (1), (2) and (3) 

[G]  =
- (1 + Kapp([H]t-[G]t) + √(1+ Kapp([H]t-[G]t)

2+4Kapp[G]t

2Kapp
 

         …(4) 

 

In the case that the concentration of a fluorescence chemical species A is very low, the 

fluorescence intensity F can be expressed as follows, 

 

F = [A]       …(5) 

 

 

 

 

Kapp 
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Therefore, the fluorescence intensity difference can be expressed as: 

 

 FHG – F0 = (H[H] + HG[HG]) - H[H]    …(6) 

 

From equations (6), the fluorescence intensity difference can be expressed as a function 

of [G] and [H]t, using equations (1), (3) and (4), 

 

FHG - F0=

[Gt] (-1-Kapp([Gt]-[Ht])+√(1+Kapp([Gt]-[Ht]))
2

+4Kapp[Ht]) (
FHG

[HG] -
F0

[Gt]
)

1-Kapp([Gt]-[Ht])+√(1+Kapp([Gt]-[Ht]))
2

+4Kapp[Ht]

 

         ...(7) 

 

Therefore, from the equation (7), the apparent binding constant for the 1:1 inclusion 

complex was calculated by the least-square curve fitting analysis (KaleidaGraphR 4.0 

software). 
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NMR Spectra 

2-Di-(2-picolyl)aminoquinazoline 
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 2-Di-(2-picolyl)aminoquinazoline 

  

CHCl3 
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2-Di-(2-picolyl)amino-4-methoxy-6-nitroquinazoline 

CHCl3 H2O TMS 
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2-Di-(2-picolyl)amino-4-methoxy-6-nitroquinazoline  

CHCl3 
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6-Dimethylamino-2-di-(2-picolyl)amino-4-methoxy-quinazoline    

H2O 

TMS 

CHCl3 
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6-Dimethylamino-2-di-(2-picolyl)amino-4-methoxy-quinazoline 

CHCl3 
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FPB--CyD 

 

 

 

 

 

 

 

 

 

 

FPB--CyD  

 

 

 


