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Preparation of FT-IR, XPS and EXAFS samples

The samples for FT-IR and XPS analysis was prepared as followed procedures: 3.0 

mL of 0.1 mol/L NaClO4 solution and 15 mL of 20.0 mg/L Sr(II) or Cs(I) solutions 

(7.5 mL of 20.0 mg/L Sr(II) and 7.5 mL of 20.0 mg/L Cs(I) solutions for competitive 

adsorption) were added into 50 mL polycarbonate tubes, and then 12 mL of 5.0 g/L 

talc suspensions were provided. pH values of suspension were adjusted 5.0 by adding 

negligible volume of 0.1-5.0 mol/L HClO4 or NaOH solution. Then suspension was 

agitated on a shaker for a reaction time of 48 h. The solid and liquid phases were 

separated by centrifugation at 7710 ×g for 30 min. The samples for IR and XPS 

analysis were obtained by drying them in vacuum oven overnight. The samples for 

EXAFS analysis of Sr(II)-bearing talc at pH 5.0 were prepared as the following 

protocols: the talc and NaClO4 (0.01 mol/L ionic strength) were weighted into 250 

mL flask bottles and then Milli-Q water was pre-equilibrated for 24 h. The Sr(NO3)2 

or CsNO3 solution (m/V = 2.0 g/L) were dropwise added under vigorous stirring 

conditions, and the solution were adjusted to pH 5.0 by using neglected volume 0.01-

1.0 mol/L HClO4 or NaOH solution. Samples were then gently agitated on a shaker 

for 2 days. The solid phase was separated from liquid phase by centrifuging it at 7710 

× g for 30 min and then through 0.22-µm membrane filters. The wet pastes of Sr(II)-

bearing talc were mounted in Teflon sample holders with Kapton tape.

Selected properties of talc

The constitutes (%), N2-BET surface area, protonation and deprotonation constants 

(log K+ and log K-) of talc were showed in Table S1. 



Table S1 The Selected Properties of Talc Samples

Talc constitutes

 (%) 

SBET 

(m2/g) 

Average pore 

diameter (nm)

Log K+ Log K-

SiO2 (63.65), MgO (30.63)

FeO(0.24), Al2O3 (0.54), 

CaO(0.32), K2O (0.1), Na2O (0.1) 

10.23 6.67 4.69 -6.06

Table S2. The constitutes of simulant groundwater (#1) and seawater (#2)S1

Constitutes of #1 Concentration (mg/L) Constitutes of #2 Concentration (mg/L)

Ca2+ 100 Na+ 8050

Mg2+ 6.3 Mg2+ 930

Na+ 25 Ca2+ 305

Sr2+ 0.8 K+ 295

Cs+ 0.5 Sr2+ 7.5

Cl- 236 Cs+ 0.5

CO3
2- 0.9 Cl- 10410

SO4
2- 0.9 CO3

2- 210

Characterization

The morphology of magnesium silicate was illustrated by scanning electron 

microscopy (SEM, JSM-6700F field emission scanning electron microscope, JEOL). 

The mineralogy of magnesium silicate was identified by X-ray diffraction (XRD, 

D/Max-Ra X-ray diffraction spectrometer, RIGAKU) with graphite monochromatized 

Cu-Kα radiation at 2 °/min of scan speed and 0.02° of step size. The surface 

functional groups of magnesium silicate were confirmed using Fourier transform 



infrared spectrometer (FT-IR, JASCO FT-IR 410 spectrophotometer). Samples for 

FTIR analysis were prepared by adding 2.0 mg of magnesium silicate into 0.098 g 

KBr disks. The total elemental analyses of magnesium silicate were performed with 

an inductively coupled plasma- optical emission spectrometer (ICP-OES, Nippon 

Jarrell-Ash). The values of ζ-potential (mV) were determined at least three 

measurements for each pH (pH 2-11, I = 0.01 mol/L NaClO4).
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Figure S1. Characterization of Talc. A: SEM image; B: XRD patterns; C: FT-IR 

spectra; D: zeta-potentials

Distribution Coefficient. Distribution coefficient (Kd, mL/g) was used to determine 

the affinity of talc for Sr(II)/Cs(I) from aqueous, which can be expressed as Eqn. S1:

A B

C D



                        (S1)
𝐾𝑑 =

(𝐶0 ‒ 𝐶𝑒)

𝐶𝑒
×

𝑉
𝑚

where C0 and Ce were the Sr(II)/Cs(I) concentrations in the initial solution and in the 

solution after equilibrium with talc, respectively; V/m is the volume-to-mass ratio.

Adsorption kinetics

The data of adsorption kinetics were fitted by pseudo-first- order and pseudo-second-

order kinetic models. The pseudo-first-order and pseudo- second-order kinetic models 

can be described by Eqns. S2S2 and S3S3, respectively:

                                 (S2)ln (𝑞𝑒 ‒ 𝑞𝑡) = 𝑙𝑛𝑞𝑒 ‒ 𝑘𝑓 × 𝑡 

                                            (S3)

𝑡
𝑞𝑡

=
1

𝑘𝑠 × 𝑞2
𝑒

+
𝑡

𝑞𝑒

where qe and qt (mg/g) are the amount of radionuclides adsorbed at equilibrium and at 

time t, respectively. kf and ks are the pseudo-first order and pseudo-second order 

kinetic rate constant, respectively. The fitted results and the corresponding kinetic 

parameters are shown in Figure S2 and Table S3, respectively.

Table S3. The parameters of pseudo-first-order and pseudo-second-order kinetic 

model of Sr(II) and Cs(I) sorption on talc at single- (Sr(II)_1 and Cs(I)_1) and bi-

dilute (Sr(II)_2 and Cs(I)_2) systems

Adsorbates Pseudo-first-order Pseudo-second-order

qe (mg/g) kf (min-1) R2 qe (mg/g) ks (g/(mg.min)) R2

Sr(II)_1

Sr(II)_2

3.917

3.729

0.0285

0.0079

0.8187

0.8504

4.024

1.831

0.0452

0.0538

0.9998

0.9998

Cs(I)_1 4.063 0.0109 0.6531 2.306 0.2387 0.9999



Cs(I)_2 3. 477 0.0035 0.6995 0.874 0.3262 0.9998
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Figure S2. Pseudo-first-order (A) and pseudo-second-order (B) kinetic models of 

Sr(II) and Cs(I) sorption on talc, pH 5.0, I = 0.01 mol/L, m/v = 2.0 g/L, T = 293 K.

Langmuir and Freundlich equations 

Langmuir and Freundlich model was described by Eqns. (S4)S6 and (S5)S7, 

respectively:

Langmuir equation:                                    
𝑞𝑒 =

𝑞𝑚𝑎𝑥 × 𝑏 × 𝐶𝑒

1 + 𝑏 × 𝐶𝑒

(S4)

Freundlich equation:                                        (S5)𝑞𝑒 = 𝐾𝐶
1
𝑛
𝑒

where qe (mg/g) and Ce (mg/L) are the mass of sorbed radionuclides on talc and 

Sr(II)/Cs(I) concentration in solution at equilibrium, respectively. b and K are 

constants of Langmuir and Freundlich model, respectively. qmax, (mg/g) are the 

maximum adsorption capacity at equilibrium. 



Table S4. Parameters of Langmuir and Freundlich model for Sr(II) and Cs(I) 

adsorption onto talc at single- and bi-solute system.

Adsorption isotherms

Exp. Conditions

Langmuir                   Freundlich

Ka        qmax      R2               lnKF        1/n            R2

(L/mg)   (mg/g)             ((mg/g)/(mg/L)n)

Single-solute 

Bi-solute

Single-solute 

Bi-solute

0.089

0.078

0.047

0.039

11.61

9.99

7.072

4.214

Sr(II)

0.9995

0.9990

Cs(I)

0.994

0.9897

1.01

0.6761

-0.3174

-0.869

0.3164

0.3574

0.4974

0.485

0.9673

0.9809

0.9815

0.9902

Distribution of Sr(II) and Cs(I) in aqueous solutions. The distribution of Sr(II) and 

Cs(I) in aqueous solutions were calculation by visual MINTEQ mode.S4

Table S5. The equilibrium constants of Sr(II) and Cs(I) species in aqueous solutions

Reactions Log K Ref.

Sr(II)
Sr2+ + H2O = SrOH+ + H+

Sr2+ + 2H2O = Sr(OH)2 + 2H+

Cs(I)
Cs+ + H2O = CsOH + H+ 

-5.20
-11.50

-7.64

(S4)
(S4)

(S5)
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Figure S3. The relative distribution of Cs(I) (A) and Sr(II) (B) as a function of pH in 

aqueous solutions, C0 = 10.0 mg/L, I = 0.01 mol·L-1 NaClO4, T = 293 K.

XPS Analysis 

  

150 300 450 600 750 900 1050 1200 529 530 531 532 533 534 535 536

728 730 732 734 736 738 740 742 744 131.2 132.0 132.8 133.6 134.4 135.2

Cs
 3

d

Sr
 3

d C 
1s

Talc_Cs+Sr

Talc_Sr

 

 

Talc_Cs

Talc_Sr

Talc_Cs

Talc_Cs+Sr

 

 

Cs 3d3/2

Talc_Sr+Cs

Talc_Cs

Talc_Cs+Sr

O
 1

s

Si
 2

p

M
g 

1s

Sr 3d

O 1sTotal scans

DC

BA

 

Binding energy (eV)

Cs 3d

Cs 3d5/2

Sr 3d3/2

Talc_Sr

 

 

Binding energy (eV)

Sr 3d5/2

Figure S4. XPS analysis of talc after Sr(II) and Cs(I) adsorption, A: total scans; B: O 

1s spectra; C: Cs 3d spectra; D: Sr 3d spectra.



Table S6. Fitted parameters of powder and polarized EXAFS spectra for Sr(II)- and 

Cs(I)-sorbed Talc

Sample α shell R(Å)a CNb σ2 c

Sr(II) power Sr-O

Sr-Si

2.60

4.10

8.3

1.9

0.0025

0.0034

10° Sr-O

Sr-Si

2.60d

4.10d

8.26

1.95

0.0025d

0.0034d

35° Sr-O

Sr-Si

2.60

4.10

8.19

1.97

0.0025

0.0034

60° Sr-O

Sr-Si

2.60

4.10

8.13

2.02

0.0025

0.0034

85° Sr-O

Sr-Si

2.60

4.10

8.15

2.11

0.0025

0.0034

Cs(I) Power Cs-O1 3.15 2.5 0.0013

Cs-O2 4.28 4.5 0.0026

10° Cs-O1

Cs-O2

3.15d

4.28d

2.3

4.2

0.0013d

0.0026d

35° Cs-O1 3.15 2.1 0.0013

Cs-O2 4.28 3.9 0.0026

60° Cs-O1 3.15 2.0 0.0013

Cs-O2 4.28 3.7 0.0026

85° Cs-O1

Cs-O2

3.15

4.28

1.9

3.5

0.0013

0.0026

a: interatomic distance; b: coordination numbers; c: Debye-Waller factor; d: Fixed to 

the value determined at power EXAFS analysis.

Optimized structure of talc

A 2 × 2 supercell of talc [Mg3Si4O10(OH)2] model with 84 atoms was built with the 



unit cell parameters of a=b=5.347Å, c=9.607Å; α=β=80 °, γ=60°.The optimized 

surface structure can be found in Figure S5.

(a) (b)

Figure S5. The optimized structure for the [Mg3Si4O10(OH)2] surface: (a) side view, 

(b) top view. Yellow: Mg atom, Blue: Si atom, Red: O atom, and White: H atom.

Figure S6. The snapshots of the MD trajectories for the competitive sorption process 

of Sr(II) and Cs(I). Arrows: the direction of movement. 
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