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Figure S1 Absorption spectra of metronidazole in water (blue) and in 0.1 N H2SO4 solution 

(red) 

 

 

Figure S2 Alteration of the fluorescence spectra in the aqueous solution of 1.0 M 

dehydrocorydaline and 3.0 M CB7 at 0, 1.7, 3.2, 4.5, 5.8, 6.9, 9.0, 10.8, 12.3, 14.3, and 16.0 

mM metronidazole concentrations (pH = 7.5, excitation wavelength 420 nm). Inset: 

fluorescence intensity at 485 nm as a function of metronidazole concentration. 
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Figure S3 Absorption spectra of 80 M 4-sulfonatocalix[4]arene (SCX4) in water at pHs 1.9 

and 8.0 
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Evaluation of the binding constant of MetH+ confinement in CB7 

Protonation of CB7 is also an unimportant process at pH 3 because it has an equilibrium 

constant of only ~166 M-1 [1]. The mass balance equations are: 

[𝑀𝑒𝑡𝐻+ − 𝐶𝐵7] + [𝑀𝑒𝑡 − 𝐶𝐵7] + [𝑀𝑒𝑡𝐻+] + [𝑀𝑒𝑡] = [𝑀𝑒𝑡]𝑇  (S1) 

[𝑀𝑒𝑡𝐻+ − 𝐶𝐵7] + [𝑀𝑒𝑡 − 𝐶𝐵7] + [𝐶𝐵7] = [𝐶𝐵7]𝑇   (S2) 

The measurements were performed at equal total concentrations of metronidazole and CB7, 

[CB7]T = [Met]T. Therefore, (S2) and (S1) gives 

[𝑀𝑒𝑡𝐻+] + [𝑀𝑒𝑡] = [𝐶𝐵7]     (S3) 

Based on the definition of the equilibrium constant of the proton dissociation from MetH+ (Ka), 

the following relationship is derived: 

[𝑀𝑒𝑡𝐻+] =
[𝑀𝑒𝑡][𝐻+]

𝐾𝑎
      (S4) 

Substitution (S4) into (S3) gives 

[𝑀𝑒𝑡] (1 +
[𝐻+]

𝐾𝑎
) = [𝐶𝐵7]     (S5) 

The definition of the equilibrium constant of MetH+−CB7 complex formation (Kp) gives: 

[𝑀𝑒𝑡𝐻+ − 𝐶𝐵7] = 𝐾𝑝[𝑀𝑒𝑡𝐻+][𝐶𝐵7]    (S6) 

Substitution (S4) into (S6) results in 

[𝑀𝑒𝑡𝐻+ − 𝐶𝐵7] = 𝐾𝑝
[𝑀𝑒𝑡][𝐻+]

𝐾𝑎
[𝐶𝐵7]    (S7) 

Substitution (S5) into (S7) leads to 

[𝑀𝑒𝑡𝐻+ − 𝐶𝐵7] = 𝐾𝑝
[𝐻+]

𝐾𝑎
(1 +

[𝐻+]

𝐾𝑎
) [𝑀𝑒𝑡]2   (S8) 

The definition of the equilibrium constant of Met−CB7 complex formation (K) gives: 

[𝑀𝑒𝑡 − 𝐶𝐵7] = 𝐾[𝑀𝑒𝑡][𝐶𝐵7]     (S9) 

Substitution (S5) into (S9) provides 

[𝑀𝑒𝑡 − 𝐶𝐵7] = 𝐾 (1 +
[𝐻+]

𝐾𝑎
) [𝑀𝑒𝑡]2     (S10) 
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Substitution (S5), (S8), and (S10) into (S2) and rearrangement leads to 

(𝐾 + 𝐾𝑝
[𝐻+]

𝐾𝑎
) (1 +

[𝐻+]

𝐾𝑎
) [𝑀𝑒𝑡]2 + (1 +

[𝐻+]

𝐾𝑎
) [𝑀𝑒𝑡] − [𝐶𝐵7]𝑇 = 0  (S11) 

where Kp is a fitting parameter, [H+] = 10-3 M, Ka = 4.365×10-3 M was determined by 

spectrophotometric titration, and K=1000 M-1 based on the experiments with 

dehydrocorydaline fluorescent probe.  

𝑞 = (1 +
[𝐻+]

𝐾𝑎
) = 1.2291     (S12) 

The solution of (S11) quadratic equation using (S12) provides [Met] at each [CB7]T 

concentration.  

[𝑀𝑒𝑡] =
−𝑞+√𝑞2+4(𝐾+𝐾𝑝[𝐻+]/𝐾𝑎)𝑞[𝐶𝐵7]𝑇

2(𝐾+𝐾𝑝[𝐻+]/𝐾𝑎)𝑞
   (S13) 

Using these values, [MetH+  [Met−CB7] and [MetH+−CB7] can be calculated by (S4), (S10), 

and (S8). In our experiments, the apparent molar absorption coefficient () was measured at 

320 nm as a function of the total CB7 concentration. The result is expressed by the following 

relationship: 

𝜀 = 𝜀1
[𝑀𝑒𝑡]

[𝑀𝑒𝑡]𝑇
+ 𝜀2

[𝑀𝑒𝑡𝐻+]

[𝑀𝑒𝑡]𝑇
+ 𝜀3

[𝑀𝑒𝑡−𝐶𝐵7]

[𝑀𝑒𝑡]𝑇
+ 𝜀4

[𝑀𝑒𝑡𝐻+−𝐶𝐵7]

[𝑀𝑒𝑡]𝑇
  (S14) 

where 1,  2,  3, and 4 represent the molar absorption coefficient of Met, MetH+, Met−CB7, 

and MetH+−CB7, respectively. Independent experiments provided 1 = 8730 M-1 cm-1
, 2 = 780 

M-1 cm-1
,  K = 1000 M-1, which were kept constant in the nonlinear least-squares analysis of the 

experimental data. Starting with the initial estimates of Kp, 3 and 4, we calculated [Met], 

[MetH+ [Met−CB7], [MetH+−CB7] and  by (S13), (S4), (S10), (S8) and (S14), respectively. 

Then, the iterations were repeated until the best fit of  was achieved. The optimized function 

gave Kp = 1.9×105 M-1, 3 = 8800 M-1 cm-1 and 4 = 620 M-1 cm-1 values.  
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Evaluation of the binding constant of MetH+ confinement in SCX4 

Berberine (B) was used as a fluorescent probe for the determination of the binding constant of 

MetH+ association with SCX4. Since the total concentration of B ([B]T = 5.0 M) was much 

lower than the total SCX4 concentration ([SCX4]T = 243 M), B-SCX4 complex can be 

neglected in the mass balance equations. 

[𝑆𝐶𝑋4]𝑇 = [𝑆𝐶𝑋4] + [𝑀𝑒𝑡 − 𝑆𝐶𝑋4] + [𝑀𝑒𝑡𝐻+ − 𝑆𝐶𝑋4]   (S15) 

[𝑀𝑒𝑡]𝑇 = [𝑀𝑒𝑡] + [𝑀𝑒𝑡𝐻+] + [𝑀𝑒𝑡 − 𝑆𝐶𝑋4] + [𝑀𝑒𝑡𝐻+ − 𝑆𝐶𝑋4] (S16) 

(S15) and (S16) lead to 

 [𝑀𝑒𝑡]𝑇 − [𝑆𝐶𝑋4]𝑇 = [𝑀𝑒𝑡] + [𝑀𝑒𝑡𝐻+] − [𝑆𝐶𝑋4]    (S17) 

Based on the definition of the equilibrium constant of the proton dissociation from MetH+ (Ka) 

in water we obtain 

[𝑀𝑒𝑡] =
[𝑀𝑒𝑡𝐻+]𝐾𝑎

[𝐻+]
      (S18) 

(S17) and (S18) give 

 [𝑀𝑒𝑡]𝑇 − [𝑆𝐶𝑋4]𝑇 = (
𝐾𝑎

[𝐻+
]

+ 1) [𝑀𝑒𝑡𝐻+] − [𝑆𝐶𝑋4]   (S19) 

We define the following constant 

𝑎 =
[𝐻+]

𝐾𝑎+[𝐻+]
       (S20) 

Substitution of (S20) into (S19) provides 

[𝑀𝑒𝑡𝐻+] = 𝑎( [𝑀𝑒𝑡]𝑇 − [𝑆𝐶𝑋4]𝑇 + [𝑆𝐶𝑋4] )  (S21) 

The definition of the equilibrium constant of Met−SCX4 and MetH+−SCX4 complex formation 

(K and Kp) gives 

[𝑀𝑒𝑡 − 𝑆𝐶𝑋4] = 𝐾[𝑆𝐶𝑋4][𝑀𝑒𝑡]      (S22) 

[𝑀𝑒𝑡𝐻+ − 𝑆𝐶𝑋4] = 𝐾𝑝[𝑆𝐶𝑋4][𝑀𝑒𝑡𝐻+]     (S23) 

Substitution (S18) into (S22) gives 
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[𝑀𝑒𝑡 − 𝑆𝐶𝑋4] = 𝐾[𝑆𝐶𝑋4]
[𝑀𝑒𝑡𝐻+

]𝐾𝑎

[𝐻+
]

      (S24) 

Substitution (S23) and (S24) into (S15) results in 

[𝑆𝐶𝑋4]𝑇 = [𝑆𝐶𝑋4] + 𝐾[𝑆𝐶𝑋4]
[𝑀𝑒𝑡𝐻+

]𝐾𝑎

[𝐻+
]

+ 𝐾𝑝[𝑆𝐶𝑋4][𝑀𝑒𝑡𝐻+]  (S25) 

Substitution (S21) into (S25) provides 

[𝑆𝐶𝑋4]𝑇 = [𝑆𝐶𝑋4] {1 + (
𝐾𝐾𝑎

[𝐻+
]
+ 𝐾𝑝) 𝑎( [𝑀𝑒𝑡]𝑇 − [𝑆𝐶𝑋4]𝑇 + [𝑆𝐶𝑋4])} (S26) 

The following quantity is defined: 

𝑏 =
𝐾𝐾𝑎

[𝐻+]
+ 𝐾𝑝      (S27) 

(S27) and (S26) lead to 

0 = −[𝑆𝐶𝑋4]𝑇 + [𝑆𝐶𝑋4]{1 + 𝑏𝑎( [𝑀𝑒𝑡]𝑇 − [𝑆𝐶𝑋4]𝑇)} + 𝑏[𝑆𝐶𝑋4]2  (S28) 

The solution of the quadratic equation is 

[𝑆𝐶𝑋4] =
−{1+𝑏𝑎( [𝑀𝑒𝑡]𝑇−[𝑆𝐶𝑋4]𝑇)}+√{1+𝑏𝑎( [𝑀𝑒𝑡]𝑇−[𝑆𝐶𝑋4]𝑇)}2+4𝑏[𝑆𝐶𝑋4]𝑇

2𝑏
  (S29) 

The total concentration of berberine fluorescent probe is the sum of its unbound and SCX4-

complexed fraction. 

[𝐵]𝑇 = [𝐵] + [𝐵 − 𝑆𝐶𝑋4]     (S30) 

Using (S30) and the definition of the binding constant of B−SCX4 complex formation (KB = 

3720 M-1) [2], the following relationship is obtained: 

[𝐵−𝑆𝐶𝑋4]

[𝐵]𝑇
=

𝐾𝐵[𝑆𝐶𝑋4]

1+𝐾𝐵[𝑆𝐶𝑋4]
     (S31) 

The fluorescence intensity (I) is proportional to the contribution arising from the fraction of the 

SCX4-complexed and free berberine: 

𝐼 = 𝜑1
𝐾𝐵[𝑆𝐶𝑋4]

1+𝐾𝐵[𝑆𝐶𝑋4]
+ 𝜑2

1

1+𝐾𝐵[𝑆𝐶𝑋4]
   (S32) 
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where 𝜑1 and 𝜑2 parameters are related to the efficiency of fluorescence emission for 

complexed and free berberine. The fluorescence quantum yields are 0.018 for B−SCX4 

complex at pH 2 [2] and 0.00047 for free B in D2O [3]. Therefore, the following relationship is 

employed:  

𝜑2 =
0.00047

0.018
𝜑1 = 0.026𝜑1    (S33) 

[SCX4] is calculated by (S29) and 𝜑1, K, and Kp parameters were optimised using [H+] = 0.01 

M and Ka = 4.365×10-3 M. The latter quantity was obtained from the pKa = 2.36 value of MetH+ 

deprotonation in water determined by spectrophotometric titrations. 
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