
S1 

Supporting information for  

The effect of outer-sphere anions on the spectroscopic response  

of metal-binding chemosensors 

Michael H. Ihde,a Gabrielle Covey,a Ashley D. G. Johnson,b Frank R. Fronczek,c Karl J. Wallace,*b and 

Marco Bonizzoni*a,d 

a) Department of Chemistry and Biochemistry, The University of Alabama,  

Tuscaloosa, Alabama 35487, United States 

b) Department of Chemistry and Biochemistry, The University of Southern Mississippi,  

Hattiesburg, Mississippi 39406, United States 

c) Department of Chemistry. Louisiana State University, Baton Rouge, Louisiana, 70803, United States 

d) Alabama Water Institute, The University of Alabama, Tuscaloosa, Alabama, 35487, United States 

 

 

X-ray crystal packing .................................................................................................................................. S2 

Metal titration spectra ................................................................................................................................. S3 

UV-vis absorbance titrations ................................................................................................................... S3 

Fluorescence emission titrations ............................................................................................................. S4 

Metal binding constant determination ......................................................................................................... S5 

Multivariate data analysis ........................................................................................................................... S9 

Outlier rejection ...................................................................................................................................... S9 

Crystal structure data ................................................................................................................................ S10 

 

  

Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2022



S2 

X-ray crystal packing 

 

Figure S1 Top: Crystal packing of Rh Benz, highlighting the array of hydrogen bonding interactions responsible for the packing. 

Hydrogen bond distances (D···A) (a) C24-H24···O4 = 3.276(3) Å; (b) C25-H25···O4 = 3.247(3) Å; (c) C51-H51···N3 = 3.456(3) 

Å (d) C57-H57···O2 = 3.384(3) Å. Bottom: a closer view of the crystal packing highlighting hydrogen bonds (e) C32-H32B···N6 

= 3.467(3) and (f) N4-H4N···N6 = 3.365(2). 
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Metal titration spectra 

UV-vis absorbance titrations 
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Figure S2. Absorbance spectra of Rh-pyr (top row, blue spectra), Rh-phen (pink, middle row), and Rh-benz (green, bottom row) 

upon the addition of Cu(OTf)2 (left column), Zn(OTf)2 (middle column), and Fe(OTf)3 (right column). The first and last spectrum 

of each titration are highlighted with a bold line. All titrations were conducted in acetonitrile ([dye] = 2.5 µM, 

[metal] = 0-23.3 µM). 
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Fluorescence emission titrations 
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Figure S3. Steady-state fluorescence spectra of Rh-pyr (top row, blue spectra, λexc. = 314-330 nm), Rh-phen (middle row, pink, 

λexc. = 350 nm), and Rh-benz (bottom row, green, λexc. = 450 nm), upon the addition of Cu(OTf)2 (left column) and Fe(OTf)3 (right 

column). The first and last spectrum of each titration are highlighted with a bold line. All titrations were conducted in acetonitrile 

([dye] = 2.5 µM, [metal] = 0-22.7 µM). 
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Metal binding constant determination 

𝐾11 =
[Zn∙sensor]

[Zn][sensor]
  𝐾21 =

[Zn2sensor]

[Zn∙sensor][Zn]
;  β =

[Zn2sensor]

[Zn]2[sensor]
 

In the following pages, we present plots of representative results obtained upon the addition of Zn(OTf)2 to 

solutions of Rh-benz (Figures S4 and S5), Rh-phen (Figures S6 and S7), and Rh-pyr (Figure S8 and S9) 

in acetonitrile at 25°C, together with the respective results from nonlinear fitting of these titration profiles 

to the binding models shown above.  

 

 

Table S1 Formation constants for representative results obtained from the complexation of Zn(II) triflate to the three sensors. The 

concentration of the sensor molecule was maintained constant at 2.5×10-6 M. Experiments were run in acetonitrile at 25 °C. 

  From absorbance data From fluorescence data 

  log K11 log K21 log β log K11 log K21 log β 

Rh-benz Zn(OTf)2 5.63(4) 5.3(2) 11.0(3) 6.1(1) 5.3(2) 11.4(1) 

Rh-pyr Zn(OTf)2 6.81(9) – – 7.34(3) – – 

Rh-phen Zn(OTf)2 7.57(2) 
6.15(8) 

5.42(2)a 

13.72(7) 

13.00(2)a 
6.45(1) – – 

K21 refers to the formation constant for the species containing 2 probe molecules per metal ion. In cases indicated with (a), a species 

containing 2 metal ions per sensor was observed; this corresponds to a K12 formation constant.  
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[Zn(OTf)2] / [Rh-benz]
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Figure S4 Binding isotherms obtained from the absorbance (left) and fluorescence (right) titrations of Zn(OTf)2 into Rh-benz 

([ligand] = 2.5×10-6 M in acetonitrile at 25°C). Binding constants were obtained by non-linear model fitting, as shown below. 

 

Figure S5 Nonlinear least-squares fit for the titration of Rh-benz (2.5×10-6 M solution in acetonitrile) with Zn(OTf)2. Blue 

diamonds correspond to the experimental data; red crosses to the calculated fit; and solid lines represent the % speciation (left: 

absorbance data, right: fluorescence emission data). 
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[Zn(OTf)2] / [Rh-phen]
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Figure S6 Binding isotherms obtained from the absorbance (left) and fluorescence (right) titrations of Zn(Otf)2 into Rh-phen 

([ligand] = 2.5×10-6 M in acetonitrile at 25°C). Binding constants were obtained by non-linear model fitting, as shown below. 

 

Figure S7 Nonlinear least-squares fit for the titration of Rh-phen (2.5×10-6 M solution in acetonitrile) with Zn(Otf)2. Blue 

diamonds correspond to the experimental data; red crosses to the calculated fit; and solid lines represent the % speciation (left: 

absorbance data, right: fluorescence emission data). 
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[Zn(OTf)2] / [Rh-pyr]
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Figure S8 Binding isotherms obtained from the absorbance (left) and fluorescence (right) titrations of Zn(Otf)2 into Rh-pyr 

([ligand] = 2.5×10-6 M in acetonitrile at 25°C). Binding constants were obtained by non-linear model fitting, as shown below. 

 

Figure S9 Nonlinear least-squares fit for the titration of Rh-pyr (2.5×10-6 M solution in acetonitrile) with Zn(Otf)2. Blue diamonds 

correspond to the experimental data; red crosses to the calculated fit; and solid lines represent the % speciation (left: absorbance 

data, right: fluorescence emission data). 
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Multivariate data analysis 

Outlier rejection 

As a first step towards data analysis, we checked for statistical outliers using principal component analysis 

(PCA) on each set of metal-anion salt/dye replicate points. Points well outside a 95% confidence interval 

(CI) were considered outliers and removed from the data set before analysis. As an example, see Figure S10 

for the ZnCl2 sample: in this case, data point 8 (the red point) lies well outside the 95% two-dimensional 

CI and was removed from the data set before further analysis. 

 

Figure S10. PCA score plot of the zinc(II) chloride replicates in the ion pairs data set, with a calculated 95% confidence ellipsoid 

shown as a dashed line. Point 8 (indicated in red) is clearly outside the confidence interval and was therefore removed from the 

data set before further analysis. 

  



Crystal structure data
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