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1. Characterization of Bi2O3  
1.1. BET 

The N2 adsorption increased slowly at low relative pressures and then raised rapidly 
near p/p0 = 0.8 (Figure 1S). According to IUPAC and Lowell et al. [1], this is defined as a 
type II isotherm with the hysteresis loop classified as an H3 loop, which is characteristic 
for monolayer coverage followed by multilayering at high relative pressures. This sug-
gests that the synthesized Bi2O3 is characterized by a wide distribution of pore sizes due 
to plate-like particles, which form slit-shaped macro- and mesopores [2]. This was sup-
ported by the low surface area of 0.83 m2 g-1 and the average pore diameter of approxi-
mately 23.8 nm, which may be attributed to the high temperature employed in the syn-
thesis of Bi2O3, previously shown to cause the collapse of micropores, resulting in the for-
mation of mesopores [3]. 

 
Figure S1. N2 adsorption-desorption isotherms of synthesized Bi2O3. 

1.2. XPS 
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Figure S2. XPS spectra of Bi2O3 after washing with HNO3 0.1 M. 

2. Adsorption experiments 
2.1. Adsorption isotherms 

 
Figure S3. Linear Langmuir (a) and Freundlich (b) isotherms for As(III) and As(V) adsorption onto Bi2O3 (4 g/L) at pH 8 
and 7 respectively, and 25 ± 3 °C. 

Table S1. Linear and non-linear forms of the Langmuir and Freundlich models, and to the two site Langmuir model used 
to fit the adsorption of As(III) or As(V) on Bi2O3. 

Isotherm Non-linear form Linear form 

Langmuir ܳ௔ =  ܳ௠௔௫ ܭ௅ ܥ௘1 + ௘ܥ ௅ܭ  
௘ܳ௔ܥ = ௘ܳ௠௔௫ܥ   ௅ܳ௠௔௫ܭ1 +

Freundlich ܳ௔ = ௘ଵ௡ logܥிܭ ܳ௔ = log ிܭ + 1݊  log  ௘ܥ

Two site 
Langmuir 

ܳ௔ =  ܳ௠௔௫ ܭ௅ଵ ܥ௘1 + ௘ܥ ௅ଵܭ + ܳ௠௔௫ ܭ௅ଵ ܥ௘1 + ௘ܥ ௅ଵܭ   

Qa (µmol g-1) - concentration of As(III) or As(V) adsorbed on Bi2O3. Qmax, Qmax1 and Qmax2 (µmol g-1) - maximum amount of 
analyte that can bind to the Bi2O3 as a monolayer or on type 1 and type 2 sites respectively. Ce (µmol mL-1) - equilibrium 
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concentration. KL, KL1 and KL2 (L mol-1) - Langmuir affinity constants of the monolayer and the type 1 and type 2 sites. KF - 
Freundlich constant, representing adsorption capacity at unitarian concentration at equilibrium. 1/n - empirical constant, 
indicating the adsorption intensity of the system. 

2.2. Adsorption kinetics 

Table S2. Pseudo-first-order, pseudo-second-order and intraparticle diffusion models used to fit 
the kinetic data of As(III) and As(V) adsorption on Bi2O3. 

Model Equation 
Pseudo-first-order ݍ௧ = ௘ሺ1ݍ − ݁ି௞భ௧ሻ 

Pseudo-second-order ݍ௧ = ݇ଶݍ௘ଶݐ ሺ1 + ݇ଶݍ௘ݐሻ⁄  
Intraparticle diffusion ݍ௧ = ݇௜ௗ × ଴.ହݐ +  ܥ

qt (µmol g-1) - concentration of As(III) or As(V) adsorbed on Bi2O3 at any time t. qe (µmol g-1) - con-
centration of As(III) or As(V) adsorbed on Bi2O3 at equilibrium. t (min) – time. k1 (min-1), k2 

(g/µmol/min), kid (µmol/g/min0.5) - adsorption rate constants. C – constant corresponding to the 
thickness of boundary layer. 
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