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Text S1. Influence of synthesis temperature on Cr(VI) immobilization. As reported by Müller et 

al., when the hydrolysis of Fe(III) occurred in the acidic condition, the high temperature was 

unfavourable for the formation of goethite, so that Fe2O3 would be produced in the forced hydrolysis 

process.1 According to the synthetic method reported by Kakuta et al., the forced hydrolysis 

temperature of Fe(III) was set as 80 oC, which was suitable for the production of pure goethite in this 

study.2 To evaluate the influence of temperature on the formation of GB, we also synthesized the iron 

mineral in the alkaline condition under 80 oC (called as GB-80). XRD patterns revealed that the 

crystallinity of GB formed at 80 oC was slightly lower than that of GB synthesized at 100 oC (called 

as GB-100) in this study, but their morphologies were the same (Figure S5a-c). Subsequently, we 

compared the BET specific surface areas of GB-80 and GB-100, and found that the BET specific 

surface area (51 m2/g) of GB-80 was slightly higher than that (46 m2/g) of GB-100. Furthermore, we 

carefully checked the Cr(VI) adsorption performances of GA, GB-80, and GB-100 (Figure S5d-e). 

After the normalization of the specific surface area, the Cr(VI) immobilization capacity of GB-80 

was 0.094 mg·m-2, lower than that (0.124 mg·m-2) of GA. On the basis of the pseudo-second-order 

non-linear kinetic model, the apparent Cr(VI) removal rate constant (6.39 m2·mg-1·min-1) of GB-80 

was also lower than that (15.68 m2·mg-1·min-1 ) of GA. Therefore, even though the synthesis 

temperature of GB was lowered to 80 oC, GA could still exhibit faster adsorption rate and larger 

immobilization capacity than GB. 
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Text S2. DFT theoretical calculation. The calculations were performed by density functional theory 

(DFT) as implemented in the software Gaussian 09.3 The goethite cluster was established on the basis of 

its lattice structure. The hybrid B3LYP density functional with the Lanl2dz basis set was used for 

geometry optimization and frequency calculations.4-6 The polarizable continuum alvation model which 

derived from the self-consistent reaction field (SCRF) theory was used to calculate the long-range solvent 

polarization effects of clusters in water.7 
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Text S3. Cr(III) immobilization on GA and GB. Cr(III) was a dominating species in the extremely 

acidic environment such as the acid mine drainage.8 Hence, we investigated the adsorption 

performance of Cr(III) on the two goethite minerals. It was found that Cr(III) could not be efficiently 

immobilized by both of the two minerals under the extremely acidic environment with a pH value of 

1.8 (Figure S9a). The poor adsorption ability might be attributed to the much higher positive zeta 

potential of goethite under the extremely acidic environment. Furthermore, we investigated the Cr(III) 

immobilization under a pH value of 5.7 which was selected for the Cr(VI) adsorption experiment in 

our studies. After the normalization of the specific surface area, the apparent Cr(III) removal rate 

constant from the pseudo-second-order non-linear kinetic model was 8.92 g· mg-1· min-1 for GA, 

which was 133 times that of GB (0.067 g· mg-1· min-1), indicating Cr(III) was more efficiently 

adsorbed on GA. However, the Cr(III) immobilization equilibrium capacity of GA was 0.0165 

mg·m-2, only one-third of GB’s capacity (0.050 mg·m-2) (Figure S9b). The above results revealed 

that the Cr(III) could be adsorbed faster on the GA surface, but with lower equilibrium capacity. The 

parameters obtained from the pseudo-second-order non-linear kinetic model were presented in Table 

S3. 
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Figure S1. XRD patterns of the two samples: (a) GA and (b) GB.

Figure S2. SEM images of the prepared goethite: (a) GA and (b) GB.
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Figure S3. Schematic illustrations of the different facets on goethite: (a) GA and (b) GB. 

The simplified models for the calculation of {021}/{110} facet proportion of goethite: (c) GA and (d) 

GB.

Figure S4. (a) Langmuir plot and Freundlich plot for the adsorption of Cr(VI) ions on GA. (b) 

Langmuir plot and Freundlich plot for the adsorption of Cr(VI) ions on GB. The initial Cr(VI) 

concentrations were from 4 to 14 mg·L-1; The dosage of goethite were 0.5 g·L-1; The initial pH 

values of the systems were 5.7.
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Figure S5. (a) XRD and (b) SEM of GB synthesized under 100 oC. (c) SEM of GB synthesized 

under 80 oC. (d) Time profile of Cr(VI) ions removal with goethite. (e) The corresponding removal 

kinetics curves of Cr(VI) ions on goethite. The initial concentrations of Cr(VI) and goethite were 5 

mg·L-1 and 0.5 g·L-1.

Figure S6. Zeta potentials of GA and GB.
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Figure S7. Slabs used to represent the goethite surface：(a) {110} plane and (b) {021} plane.

Figure S8. Raw Cr K-edge X-ray absorption spectra for Cr(VI) treated goethite.

Figure S9. (a) Time profile of Cr(III) ions removal with goethite. (b) The corresponding removal 

kinetics curves of Cr(III) ions on goethite. The initial concentrations of Cr(III) and goethite were 5 

mg·L-1 and 0.5 g·L-1.
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Table S1. Kinetics and equilibrium parameters of Cr(VI) adsorption on goethite

entry SSA a (m2·g-1) qe (mg·m-2) k2 (m2·mg-1·min-

1) R2 qm (mg·m-2)

GA 79 0.124 15.68 0.99 0.143

GB 46 0.075 5.44 0.94 0.101

Table S2. Parameters obtained from the Langmuir and Freundlich isotherms for the adsorption of 

Cr(VI) on goethite

Model Parameters GA GB

Langmuir qm /(mg·m-2) 0.144 0.127

KL /(L·mg-1) 9.44 0.163

R2 0.96 0.93

Freundlich 1/n 0.055 0.527

KF/(mg/g)/(mg/L)1/n 0.128 0.031

R2 0.93 0.88

Table S3. Kinetic parameters for adsorption of Cr(III) on goethite

Parameters GA GB

K (g/mg·min) 8.92 0.067

qe /(mg·m-2) 0.017 0.030

R2 0.99 0.97
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