
SUPPORTING INFORMATION 

 Synthesis of MCF silica

Mesocellular foam (MCF) silica has been chosen as adsorbent support due to its large 

spherical pore size (>8 nm), large surface area (>500 m2/g), narrow pore size distribution, large 

pore volume (>1.5 cm3/g) and three-dimensional pore structure (1-4). MCF silica was synthesized 

according to the procedures described in the literature (1-5). A triblock copolymer of poly(ethylene 

glycol) and poly(propylene glycol) (Pluronic P123, EO20PO70EO20, Sigma Aldrich) was used as 

a structure-directing agent, tetraethoxysilane (TEOS, Sigma Aldrich) as a silica source, 1,3,5-

trimethyl benzene (mesitylene, Alfa Aesar) as a swelling agent, and K2SO4 (Sigma Aldrich) as a 

strong electrolyte. K2SO4 is used to prevent agglomeration and to form highly dispersed particles 

(1). Firstly, 2 g of Pluronic P123 and a certain amount of K2SO4 salt (1:1 ratio of salt to TEOS) 

were dissolved in a 1.7M HCl (aq). Once the solution became transparent, 1.5 g of mesitylene was 

slowly added to this solution under continuous mixing.  After 2 hours, 4.3 g of TEOS was added 

dropwise under vigorous stirring. The resulting solution was left under static conditions at 40˚C 

for 24 hours and then transferred to a Teflon-lined autoclave and hydrothermally treated at 100˚C 

for 48 hours. The product was subsequently filtered, washed with DI water/ethanol solution, dried 

in the air, and calcined at 550˚C (1˚C/min heating rate, 6 hours holding time) to remove the 

occluded organics and water. 

 Functionalization of adsorbent supports with mercaptan groups

Silica was functionalized with mercaptan groups in dry toluene (99.5%, Alfa Aesar) by 

reacting with (3-mercaptopropyl)-trimethoxysilane (MPTMS, 95%, Sigma Aldrich) according to 

the procedure described in the literature (6-8). Before the functionalization, silica was acid-washed 
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by refluxing it in 0.2 M HCl (ACS Grade, Fisher Chemical) for four hours to remove surface 

residues and increase the surface density of silanol groups (9). The resulting acid-washed (AW) 

silica was dried in vacuum at 60˚ for 12 hours. MPTMS-silica was prepared by reacting the AW 

silica with (3-mercaptopropyl)-trimethoxysilane (MPTMS, 95%, SigmaAldrich) in dry toluene 

(99.5%, Alfa Aesar) according to the procedure described in the literature (6-8). 4 grams of AW 

silica were dispersed in 60 mL of dry toluene to which 16 mmol of MPTMS was slowly added. 

The mixture was refluxed for 24 hours under argon gas to avoid oxidation of mercaptan groups 

into disulfide moieties (7). The resulting product, MPTMS-silica, was filtered, washed with 

toluene solvent, and dried under vacuum at 60˚C for 12 hours. 

 Thermodynamic calculations using DMol3

Theoretical thermodynamic properties of a structure in Dmol3 are calculated using the 

results of a vibrational analysis, which consists of various translational, rotational, and vibrational 

components at finite temperatures (10).

The following formulas used for thermodynamic calculations are based on the work by 

Hirano (11). 

The enthalpy correction, , in the ideal gas is given by:𝐻(𝑇)

𝐻(𝑇) = 𝐸𝑣𝑖𝑏(𝑇) + 𝐸𝑟𝑜𝑡(𝑇) + 𝐸𝑡𝑟𝑎𝑛𝑠(𝑇) + 𝑅𝑇

where R is the ideal gas constant and the subscripts represent vibrational, rotational, and 

translational contributions, respectively.
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where k is the Boltzmann constant, h is the Planck constant, and  are the individual  𝜐𝑖

vibrational frequencies.

The contributions to the entropy S are given by:
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where is the molecular weight,  is the moment of inertia above axis x. 𝜔 𝐼𝑥

The energy calculations in DMol3 provide the total electronic energy at 0 K. The 

thermodynamic analysis from DMol3 provides the corrections for H, S, and G at finite 

temperatures. 



Ion Target Concentration (µg/L)

NO3
- 60,000

Na+ 3,108,251

SO4
2- 5,153,670

Cd(NO3)2 28

Na2SeO4 404

Na2HAsO4 89

TlNO3 61

Hg(NO3)2 100

RF Power 1550 W

Sample depth 8 mm

Carrier gas flow 1 L min-1

Spray chamber type Double pass

Nebulizer type Microconcentric

Nebulizer pump 0.1 rps

Replicates 2

8ulo;

Table S.1. The composition of simulated FGD wastewater

 Table S.2. Typical operating conditions and instrumental parameters for Hg2+ concentration 

measurements by ICP-MS 



Calculate optimize
Opt_energy_convergence 1.00E-05
Opt_gradient_convergence 2.00E-03 A
Opt_displacement_convergence 5.00E-03 A
Opt_iterations 50
Opt_max_displacement 0.3 A
Symmetry off
Max_memory 7000
File_usage smart
Scf_density_convergence 1.00E-06
Scf_charge_mixing 1.00E-01
Scf_spin_mixing 1.00E-01
Scf_diis 7 pulay
Scf_iterations 100
Spin_polarization unrestricted
Charge 2
Basis dnp
basis_version basfile_v4.4
Pseudopotential vpsr
Functional pbe
Aux_density hexadecapole
Dftd TS
Integration_grid fine
Occupation Thermal 0.001
Cutoff_Global 4.6 Angstrom
Cosmo ibs
COSMO_Dielectric 78.54 Water
Kpoints off

Table S.3. DMol3 calculation parameters
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Figure S.1. TGA curve of MPTMS functionalized SG silica in air
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Figure S.2. TGA curve of MPTMS functionalized Davisil silica in air
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Figure S.3. TGA curve of MPTMS functionalized MCF silica in air

Fig. S.4 shows the N2 adsorption-desorption isotherms of MCF, Davisil, and SG silicas employed 

in this study. All three silicas are characterized by a pore condensation and hysteresis behavior, 

indicated by type IV(a) N2 adsorption/desorption isotherm per IUPAC classification (12), 

generally given to mesoporous materials. However, these silica supports do not exhibit the same 

hysteresis loop. The MCF and Davisil silica show very steep desorption branches characteristic of 

the H2(a) loop, which can be ascribed to either pore-blocking or a cavitation-induced evaporation 

(12). On the other hand, the SG silica exhibited a type H2(b) loop, which is associated with pore-

blocking and wide distribution of pore diameter values. These conclusions are also consistent with 

the pore size distribution of these silica supports shown in Figure S.4(b). On the other hand, the 

pore size distribution of the SG silica appears to be wider, with much larger pore diameters present. 

Figure S.4(c) also shows the SEM images of the silica supports with MCF silica exhibiting uniform 



spherical morphology with an average size of 10 µm, whereas the Davisil and SG silica displayed 

irregular agglomerates with an average size of 50 and 200 µm, respectively. 

M
CF SG Davisil
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B

Figure S.4. a) N2 adsorption-desorption isotherms and pore size distributions of MCF, 
Davisil, and SG silicas. b) Pore distribution using the BJH model for the adsorption branch 
of the nitrogen isotherm of silicas at 77 K. c) SEM images of MCF (top), SG (middle), and 
Davisil (bottom) silicas.
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Figure S.5. S 2p XPS spectrum of MPTMS-Davisil silica. Blackline is the raw data; dotted lines denote 
individual fit components (166.2 eV and 164.5 eV characteristic of  2p3/2 and 2p1/2  for  mercaptan 
groups.

The successful surface attachment of MPTMS groups was confirmed by the XPS analysis 

(Figure S.5). High-resolution XPS spectra of S 2p core level for the in situ outgassed MPTMS-

Davisil sample revealed a characteristic S 2p3/2-S 2p1/2 spin-orbital splitting. The S fitting spectra 

of the MPTMS-Davisil silica showed a 2p1/2 peak at 164.9 eV, corresponding to mercaptan groups 

(13, 14). No peaks corresponding to oxidized sulfonic species were observed in this sample (a 

typical value for S 2p core peak is 168.5 eV for -SO3H) (11, 12). This finding strongly confirmed 

the presence of the mercaptan groups on the surface of the functionalized adsorbent. 
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