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Calculation of the fraction of the bound guest in each sensor 
Using the Kd of guest (G)-cavitand (Cav), we can solve the binding equilibrium and calculate the 
fraction of the bound fluorescent guest in the solution prior to mixing with different metal ions: 

Kd =  
[Cav]×[G]

[Cav∙G]
                 (1) 

[Cav] =  [Cav]0 − [Cav ∙ G]              (2) 

[G] =  [G]0 − [Cav ∙ G]             (3) 
Then, 

Kd =  
([Cav]0−[Cav∙G])×([G]0−[Cav∙G])

[Cav∙G]
         (4) 

Solve for [Cav ∙ G], which is the roots of above quadratic equation. 
We found the following ratios: 
For DSMI, the ratio of [complex]/[Total DSMI] = 45.6% 
For RhB 7.4, the ratio of [complex]/[Total RhB] = 59.5% 
For RhB 5.5, the ratio of [complex]/[Total RhB] = 80.0%. 
 

Supporting Figures 

1. Guest 5 (DSMI) Optical Properties 
 

 
 

Figure S-1. Increase of DSMI 5 fluorescence upon binding to three synthetic hosts, CX4 
(tetrasulfonatocalix[4]arene), CB7 (cucurbit[7]uril) and cavitand 1. [DSMI 5] = 1.5 µM in 20 mM Tris, pH 
=7.4.  
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Figure S-2. Increase of DSMI 5 fluorescence upon binding to cavitand 1 under various pH values. [DSMI 
5] = 1.5 µM in 50 mM citrate (pH 3.3), phosphate (pH 5.0 and pH 7.4), or carbonate (pH 9.0) buffer. 
 
 
 

 
 

 
 
Figure S-3. UV-Vis absorption and fluorescence emission (with λex = 485 nm) spectra of the complex 
formed between cavitand 1 (20 µM) and DSMI 5 (5 µM) in 50 mM Tris, pH 7.4. The maximum λabs was 
found to be 485 nm which was used to excite the fluorescence of DSMI in the following experiments, and 
fluorescence emission was collected at λ = 605 nm, judged by the emission spectrum presented here. 
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Figure S-4. Fluorescence change ratio when mixing 1.5, 3, 6, and 12 µM of DSMI 5 with increasing 
concentrations of cavitand 1. The combination of 1.5 µM DSMI 5 and 20 µM cavitand 1 was chosen to 
compose the metal sensing array. 

 
Figure S-5. The binding curve of 1•5 fitted with the following equation to obtain the dissociation constant 
of 1•5:1 
 
 
 
where F = Fluorescence, F0 = Fluorescence with cavitand, Fmax = Fluorescence without cavitand, Kd = 
dissociation constant, [host] = cavitand concentration. [DSMI 5] = 5 µM in 50 mM Tris at pH =7.4.  
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Figure S-6. Effect of liposome on the fluorescence of the 1•5 complex. [DSMI 5] = 1.5 µM, liposome = 1 
mg/mL, in 20 mM Tris at pH =7.4. 
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Figure S-10. The Hill plots for metals with complex 1•4 at pH 7.4.  
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Figure S-14. SELDI-TOF-MS data for cavitand 1 binding Cu2+ and UO2

2+. Other metals were tested as 
well but no complex ion was detected in gas phase, neither the cavitand-guest complex was detected. 
 

 
 
Figure S-15. LDA score plot for metal mixtures spiked in tap water with the three-factor sensor array 
containing 1•4  ([1] = 4 µM, [4] = 3 µM) in pH 7.4 or pH 5.5 buffer, and sensor 1•5 ([1] = 20 µM, [5] = 1.5 
µM, pH 7.4). [Metal] = 2 µM, pH 7.4 = 20 mM Tris, pH 5.5 = 20 mM Bis-Tris. 
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Figure S-17. The fluorescence data used for LDA to obtain the score plot shown in Figure S-15. [Metal] = 
2 µM, 20 mM Tris at pH 7.4 or 20 mM Bis-Tris at pH 5.5, [cavitand 1] = 4 µM and [guest 4] = 3 µM for 
1•4, [cavitand 1] = 20 µM and [DSMI 5] = 1.5 µM for 1•5. 
 
 

 
Figure S-18. Minimized structure of a) 1•4•Cu2, indicating the effect on metal orientation in the presence 
of a large guest (SPARTAN, AM1 forcefield). 
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