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ESI 1: Details of EXAFS facility, samples and measurements 

The measurements were performed in the fluorescence yield mode with a Si avalanche 

photodiode as a fluorescence detector and an ionization chamber as an incident beam intensity 

monitor. For the measurements, wet slurry of each bentonite sample was spread over an ash-less 

filter paper. The measurements were performed at the Eu L2-edge (E0~7617 eV) since Eu L3-

edge spectra (E0~6977 eV) appeared to be spoiled by the occurrence of Fe K-edges (E0~7120 

eV) due to the presence of iron in bentonite. The series of samples measured included (a) 1x10-4 

M Eu(III) in bentonite suspension (1 g/L) at pH 3, 5 and 8 and I = 0.01 M (NaClO4), (b) 1x10-4 

M Eu(III) + 1x10-4 M CA in bentonite suspension (1 g/L) at pH 4, and I = 0.01 M (NaClO4), and 

(c) 1x10-4 M Eu(III) + 1x10-4 M HA in bentonite suspension (1 g/L) at pH 4, and I = 0.01 M 

(NaClO4). The EXAFS spectra were processed with Athena and Artemis software codes from 

the IFEFFIT package. The multisphere fitting of normalized EXAFS curves χ(k) was performed 

in the photoelectron wave number range k 2.0–10.0 Å-1 (the range available is limited by the 
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occurrence of Eu L1-edge) with the k2 weighting scheme using the photo-electron theoretical 

phases and scattering amplitudes calculated by FEFF. 

ESI 2: Characterization of raw bentonite by XRD (2(a)) and FTIR (2(b)) 
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ESI 2(a): Powder XRD data (in d values) of raw bentonite 
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ESI 2(b): FTIR of raw bentonite in KBr pellet  
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ESI 3: Potentiometric titrations of humic acid 
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ESI 3:Variation of pH of humic acid solution with the addition of
 stanadard alkali (0.067 M NaOH) I : 0.01 M NaClO4;T - 298 K)
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ESI 4: Sorption kinetics 
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ESI 4: Kinetics of sorption of Eu(III) on bentonite at pH = 4 +0.05;
Bentonite = 1g/L; I = 0.01 M (NaClO4); T = 298 K
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ESI 5: Gran plot and calculation details 

The values of the Gran function (G) were calculated as:32  (refers to 32 no. reference  of 

manuscript)  

    On the acidic side:  Ga =(V0 + Vat + Vb) · 10−pH · 100                                             (1) 

    On the alkaline side: Gb =(V0 +Vat + Vb) · 10−(13.8−pH) · 100                                   (2) 

where, V0  is the initial volume of the bentonite suspension, and Vat and Vb  are  the total 

volumes of acid solution and of hydroxide ions (OH−) added at the different titration points, 

respectively. As the bentonite suspension was acidified before the alkali titration, the OH− added 

to the suspensions were consumed in the following three steps as shown in the Gran plot: 

(a) neutralization of excess H+ in the suspension (before Veb1),  

(b) reactions with the various surfaces active groups (between Veb1 and Veb2), and  

(c) contributing to the system pH (after Veb2).  

The specific volumes, Veb1 and Veb2, could be obtained from the linear regression analysis of the 

Gran plots. The Veb1 could be considered as the point the zero titration (The point before which 

there were no surface reactions consuming OH− except simple acid–base neutralization of 

additional protons). The ‘TOTH’ was calculated using the following relation:  

 TOTH = −(Vb − Veb1)×Cb /(V0 + Vat + Vb) (mol/L),                                                  (3) 

Where, Cb is the concentration of standard NaOH. 
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The data points from the hydroxide titration curve commencing after the point of zero charge 

calibration, were utilized in a nonlinear least-squares optimization program (FITEQL 4.0) to 

estimate the surface acidity constants.34 The surface site concentration (HS) was also derived 

from Gran plot using two equivalent points in the Gran plots, as given by the following 

equation:32 

HS = (Veb2 − Veb1)sample ×Cb − (Veb2 − Veb1)blank ×Cb V0 (mol/L).                             (4) 
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ESI 6: Sorption profiles of different trivalent metal ions on to bentonite 
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ESI 6: Sorption profile of tracer concentrations of different metal ions
 as a function of pH; [Bentonite]: 1 g/L; I: 0.01 M (NaClO4); T: 298 K
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ESI 7: Calibration plot for quantification of sorption of humic acid onto suspended 
bentonite 
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ESI 7: : Calibration plot for HA estimation by
spectrophotometry ; λmax: 400 nm

ε: 6.02+ 0.09, cm-1g-1L
R : 0.99949 
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ESI 8: Species distribution of Eu(III) in the presence of citrate ion as a function of pH 
(curves generated by Visual Minteq 3.0 Software using inbuilt data base) 
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ESI 8(a): Speciation calculation of Eu(III) as a function of pH; 
[Eu(III)]: 10-5 M; I: 0.01 M (NaClO4)
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ESI 8(b): Speciation calculation of Eu(III) in the presence of citric acid; 
[Eu(III)]: 10-5 M; [cit]: 10-4 M; I: 0.01 M (NaClO4)
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ESI 9: Gd(III) sorption on bentonite in the presence of humic and citric acids 
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ESI 9: Sorption of Gd(III) on bentonite in the presence of diffrent ligands;
[Gd(III)]: 1x10-4 M; [cit]: 1x10-4 M; [HA]: 10 mg/L; I: 0.01 M (NaClO4)  
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ESI 10: Species distribution of Gd(III) in the absence/presence of citrate ion as a function 
of pH (curves generated by Visual Minteq 3.0 Software using inbuilt data base) 
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ESI 10: Speciation of Gd(III) in the absence and presence of CA; 
[Gd(III)]: 1x10-4 M; [cit]: 1x10-4 M; I: 0.01 M (NaClO4)
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ESI 11: Species distribution of Gd(III) in the presence of humic acid as a function of pH 
(curves generated by Visual Minteq 3.0 Software using inbuilt data base) 
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ESI 11: Speciation of Gd(III) in the absence and presence of HA; 
[Gd(III)]: 1x10-4 M; [HA]: 10 mg/L; I: 0.01 M (NaClO4)
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