
  

S1 
 

Supporting Information 

Thioether-functionalized Covalent Triazine Nanospheres: A 

Robust Adsorbent for Mercury Removal 

 

Sujan Mondala, Sauvik Chatterjeea, Saptarsi Mondalb and Asim Bhaumik*,a  

 

aSchool of Materials Science, Indian Association for the Cultivation of Science, Jadavpur, 

Kolkata-700032, India  

bSchool of Chemical Sciences, Indian Association for the Cultivation of Science, Jadavpur, 

Kolkata-700032, India 

 

Methodology 

The repetitive unit of the ligand has been optimized for a different number of Hg2+ ions 

using Gaussian 16 suites of the program.1 We have employed B3LYP density functional for the 

convenient result and in many cases, it has been used previously to illustrate weak and strong 

non-covalent interactions.2-7  For C, H, N and S we have used 6-31+G(d,p) basis function 

whereas we have applied LanL2DZ basis function and effective core potential for the heavy 

Hg2+ which found to produce a reliable result in earlier studies. During optimization we have 

employed the frozen core approximation and tight convergence criterion. Harmonic frequency 

calculations have been performed to ensure that all the structures are local minimum structures. 

The stabilization energy for all the complexes have been calculated based on the following 

equation  

 2Stab Comp LigHg
E E E E      (0.1) 
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Where, CompE , 2Hg
E  , and LigE are zero-point vibrational energy (ZPVE) corrected energies of 

the complex, the Hg2+, and the ligand. To understand the nature of a different kind of non-

covalent interaction, we have generated molecular density map using Atoms in Molecules 

(AIM) software and performed AIM analysis.8-17 Further, we have calculated the electron 

density (ρ) and Laplacian of electron density (
2 , L) at each bond critical points (BCPs) to 

know the nature of the interaction between two interacting atoms. It is important to mention 

that only those BCPs have been considered whose ρ and L is higher than 0.002 and 0.02 a.u., 

respectively, as they confirm the existence of non-covalent interaction from earlier studies. To 

measure the strength of any interaction we have calculated the ellipticity of the interaction ( ) 

at the bond critical point (BCP) using the following equation 

 1

2

1





    (0.2) 

Where,  ’s are the negative vectors associated with the hessian of   at that CP and 2 1  . 

 

 

 

Figure S1. Powder x-ray diffraction pattern of SCTN-1 material. 
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Figure S2. IR spectrum of SCTN-1 (A) and post-adsorbed SCTN-1 material (B). 

 

Figure S3. N1s XPS spectrum of before (a) and after mercury adsorbed (b) SCTN-1.The 

additional peak appeared in post adsorbed SCTN-1 at 406.2 eV indicates the presence of NO3
- 

which comes from the solution prepared for adsorption studies. 
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Figure S4. Schematic diagram of mercury [Hg(0)] vapor capture experiment. 
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Figure S5. 1H NMR of thio-ether based igand (1). 

 

 

Figure S6. 13C NMR of thio-ether based ligand (1). 
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Figure S7. Kinetics of mercury adsorption according to the interparticle diffusion model. 
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Table S1: List of stabilization energy ( StabE , kcal/mole) of different complexes between 

Hg2+ and the ligand calculated at B3LYP/6-31+G(d,p);LanL2DZ(Hg) level of theory. 

System 
StabE (kcal/mole) ZPVE

StabE (kcal/mole) Comment 

COMP11 -213.9 -213.6 Very stable 

COMP12 -194.7 -195.7 Very stable 

COMP13 +48.6 +45.7 Unstable 

COMP14 +504.1 +498.2 Unstable 

 

 

 

 

Figure S8. Optimized geometry of the complex between Hg2+ and the ligand, (a) COMP11 

(1:1), (b) (a) COMP12 (1:2), (c) COMP13 (1:3), and (d) COMP14 (1:4) calculated at B3LYP/6-

31+G(d,p);LanL2DZ(Hg) level of theory using Gaussian 16, Rev. A03 suites of program. The 

spheres in white, yellow, grey, blue and violet color are H, S, C, N, and Hg respectively. 
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Figure S9. Removal of Hg(II) under different pH conditions after 2h. 

 

 

Figure S10. Temperature dependency plot for mercury adsorption using 5 ppm Hg(II) solution 

after 2h. 
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Figure S11. Wide angle X-ray diffraction pattern of recycled SCTN-1. 

 

 

 

 

Figure S12. TEM images of reused SCTN-1. 
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