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Supplementary Text

In situ Gran Plots. In situ Gran plots were utilized to determine the equivalence points 

of potentiometric titration in suspension according to the previous study.1 The Gran values 

were calculated according to equation S1 at acidic side or equation S2 at alkaline side:

Acidic side           (S1)     𝐺𝑎 = (𝑉0 + 𝑉𝑎𝑡 + 𝑉𝑏) × 10 ‒ 𝑝𝐻 × 104   

Alkaline side               (S2)𝐺𝑏 = (𝑉0 + 𝑉𝑎𝑡 + 𝑉𝑏) × 10𝑝𝐻 ‒ 14 × 104

Where V0 represents the initial volume the sample suspension, Vat represents the total 

volume of HNO3 added in the acidimetric titration, and Vb is the volume of NaOH added in 

the alkalimetric backtitration. The related equivalence points in the alkalimetric back titrations 

(Veb1 and Veb2) were calculated from the results of linear regression analysis of the Gran 

plots.1 At the equivalence point of Veb1, the added titrant is consumed to neutralize the 

excessive H+ in solution; while at the equivalence point of Veb2, the added titrant is expected 

to react with the protonated hydroxyl groups of α-Fe2O3 NPs. Based on the Gran plots shown 

in Fig. S4, we calculated the accessible site density (Ds, mmol g-1) of Fe2O3@PS using the PS 

sample as control according to equation S3:2 

         (S3)
 𝐷𝑠 =

(𝑉𝑒𝑏2 ‒ 𝑉𝑒𝑏1)𝑠𝑎𝑚𝑝𝑙𝑒 × 𝐶𝑁𝑎𝑂𝐻 ‒ (𝑉𝑒𝑏2 ‒ 𝑉𝑒𝑏1)𝑏𝑙𝑎𝑛𝑘 × 𝐶𝑁𝑎𝑂𝐻

𝑚𝑠𝑎𝑚𝑝𝑙𝑒
 

Where CNaOH represents the concentration of the titrant (mol L-1), msample represents the 

dosage of the confined α-Fe2O3 NPs (g, in mass of Fe). 

Adsorption Kinetic and pH effects. Adsorption kinetics of As(V) by Fe2O3@PS is 

depicted in Fig. S5a. The results indicate that the adsorption rate was significantly enhanced 

by decreasing the size of the confined α-Fe2O3 NPs. The intra-particle diffusion model was 

employed to represent the kinetic data:3 

                                (S4)CtKQ it  5.0
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Where Qt (mg g-1Fe) is the adsorption capacity at time t (h), Ki is the diffusion rate 

constant (mg g-1 h-0.5)), and C reflects the relative contribution of initial adsorption and 

boundary layer diffusion. A linear plot of Qt vs t0.5 means that the adsorption process was 

controlled by intra-particle diffusion.3 As shown in Fig. S5b, two of the plots (Rod- and 7nm-

Fe2O3@PS) are linear and the other (3nm-Fe2O3@PS) is multi-linear. 

Note that, to clarify the adsorption reactivity of the embedded Fe2O3 NPs versus the bare 

ones, the PS host is inert and hydrophobic, resulting in the equilibrium time required for 

As(V) adsorption are somewhat long (up to hundreds of hours). To improve the adsorption 

kinetics of the resultant nanocomposites for real application, we aminated the PS matrix to 

improve its hydrophilicity prior to hosting 3nm-Fe2O3. In detail, during the initial preparation 

process, the pure PS solution was replaced with the solution containing PS and 

chloromethylated PS (9:1 in mass) under otherwise identical conditions to that of 3nm-

Fe2O3@PS. The resultant beads were subject to amination by hexamethylenediamine solution 

(10%) at 50 oC for 6 h, and we obtained a new nanocomposite 3nm-Fe2O3@NS. As shown in 

Fig. S6a, the contact angle of 3nm-Fe2O3@NS decreased from 77.0o of 3nm-Fe2O3@PS to 

44.7o, indicating the hydrophilic nature of 3nm-Fe2O3@NS. The adsorption kinetics in Fig. 

S6b described a much faster adsorption rate of As(V) by 3nm-Fe2O3@NS, i.e., reaching 

equilibrium in 24 h. 

Effect of pH on As(V) adsorption by Fe2O3@PS is elucidated in Fig. S5c. Adsorption of 

As(V) is highly pH dependent, and the As(V) uptake declined with pH increasing from 4.0 to 

8.0. Additionally, the effect of NPs size on As(V) adsorption at a broad pH range (4.0-8.0) is 

consistent with the order of QH values (Fig. 4a-c). Furthermore, the As(V) loaded Fe2O3@PS 

was soaked into 5 wt% NaOH solution to refresh its capacity for cyclic adsorption. Three 

successive As(V) adsorption- desorption assays indicated that >90% of the loaded As(V) were 

desorbed from the three nanocomposites (Fig. S7).
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Stability of iron-based materials at acidic pHs is of particular concern given the 

vulnerable properties of iron oxides. The pH-depenent dissolution of Fe2O3@PS was 

determined after incubation for 48 h, and Rod-Fe2O3 NPs were employed for comparison. As 

seen in Fig. S5d, the dissolution of Rod-Fe2O3 NPs is significant at pH 1.0-4.0. Since iron 

oxide dissolution NPs turned more intensive for those of smaller size,4, 5 the 3 or 7 nm-Fe2O3 

NPs are believed to be more vulnerable than Rod-Fe2O3 NPs. Impressively, the embedded 

Fe2O3 NPs possess enhanced acid resistance over the bare counterparts. It possibly arised 

from the protection of the polymer host.6 
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Fig. S1 XRD patterns of the Fe2O3 NPs utilized in this study
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Fig. S2 TEM images of (a) 7nm-Fe2O3 and (b) Rod-Fe2O3, N2 adsorption-desorption 

isotherms of (c) 7nm-Fe2O3@PS, (d) Rod-Fe2O3@PS and (e) their pore size distribution 

based on BJH model.
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Fig. S3 TEM images of (a) 7nm-Fe2O3@PS and (b) Rod-Fe2O3@PS



8

Fig. S4 In situ Gran plots of Fe2O3@PS (a) and the bare α-Fe2O3 NPs (b) (Data were 

collected via potentiometric titration of 0.50 g L-1 adsorbent in 0.10 M NaNO3 at 298 K)
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Fig. S5 The adsorption kinetic of As(V) onto Fe2O3@PS (a), the data fitted by intra-particle 

diffusion (IPD) model (b), effect of pH on As(V) adsorption onto nanocomposite Fe2O3@PS 

(c) and the leachate of Fe in 48 h as a function of pH (d) (298K, C0=1.0 mg L-1, dosage=0.50 

g L-1)
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Fig. S6 The contact angle of 3nm-Fe2O3@PS and 3nm-Fe2O3@NS (a), and the adsorption 

kinetics of As(V) onto 3nm-Fe2O3@NS and 3nm-Fe2O3@PS (b) (298 K, C0=1.0 mg L-1, 

dosage=0.50 g L-1)



11

Fig. S7 Cyclic regeneration of the exhausted 3nm-Fe2O3@PS in batch mode. (Adsorption 

condition: 298 K, C0=1.0 mg L-1, dosage=0.50 g L-1. Regeneration condition: contact with 5 

wt% NaOH for 24 h)


