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Figure S1. FTIR spectra of (a) SPS, PNHM and PNHM/Fe3O4 composites; (b) Fe3O4 

nanoparticles. 

 

 

Figure S2. X-ray diffraction pattern of PNHM, Fe3O4 and PNHM/Fe3O4 composites. 

 

 

 

 



 

 

Figure S3. (a) N2 adsorption‒desorption isotherm measured for PNHM/Fe3O4‒40; (b) BJH 

pore size distribution plot of PNHM/ Fe3O4-40. 

 

 

 

Figure S4. (a) Photos of PNHM/Fe3O4-40 dispersed in aqueous solution; (b) Separating by an 

external magnetic field. 

Table S1.  Ms, Mr, Hc values of Fe3O4 and PNHM/Fe3O4-40 

Materials Saturation magnetization, 

Ms (emu g–1) 

Remanence, 

Mr (emu g–1) 

Coercivity, 

Hc (Oe) 

Fe3O4 ~66.733 ~4.293 ~31.336 

PNHM/Fe3O4–40 ~24.398 ~0.558 ~30.837 



 

 

Figure S5. The effect of Fe3O4 content in PNHM/Fe3O4 nanocomposites on As(III) and As(V) 

uptake (Experimental conditions: C0: 1000 µg L‒1; pH~7; adsorbent dose: 1g L–1; contact time: 

240 min; T: 300±3 K) 

 

Figure S6. Effect of initial concentration of arsenic on removal efficiency (Experimental 

conditions: pH~7; adsorbent dose: 1g L–1; Contact time: 240 min; T: 300±3 K). 

 

 

 



 

 

Figure S7. Effect of contact time on As(III) removal % at different adsorbent dose (1, 3, 5 g 

L-1) with a fixed adsorbate concentration (1000 g L-1). 

SI‒1: Adsorption kinetics. The pseudo first-order kinetics model also referred as Lagergren 

first-order model, as following form1,2: 

 𝑞𝑡 = 𝑞𝑒(1 − 𝑒−𝑘1𝑡)         (1) 

where qe and qt indicates the amount arsenic uptake per unit weight (mg g‒1) of PNHM/Fe3O4-

40 at equilibrium and any time t, respectively, and k1 represents the rate constant (min-1) of 

pseudo first-order model. Experimental data’s are also fitted in the pseudo second-order kinetic 

model using the rate equation described by Ho and McKay3 as follows:  

 𝑞𝑡 =
(𝑘2 𝑞𝑒

2 𝑡)

(1+𝑘2𝑞𝑒 𝑡)
        (2) 

where k2 is the pseudo second-order rate constant. The residual root means square error (RMSE) 

was used to measure the goodness-of-fit and was calculated by the following equation: 

𝑅𝑀𝑆𝐸 = √
∑ (𝑄𝑖−𝑞𝑖)2𝑚

𝑖=1

𝑚
           (3) 



 

Where, Qi and qi indicates the observed data from the batch experiment and estimate data from 

kinetics and isotherm models, respectively. m is the number of observations taken in the 

experiment. It is observed that the smaller RMSE value indicates the better curve-fitting. 

 

 

Figure S8. Kinetics data fitted to The Weber–Morris intra-particle diffusion plot for As(III) 

and As(V) adsorption on PNHM/Fe
3
O

4
-40 (Experimental conditions: adsorbent dose: 1g L

‒1
; 

C
0
: 1000 µg L

‒1
; pH~7; T: 300 ± 3 K). 

 

 

 

 

 

 

 



 

 

 

 

Table S2. Kinetic parameters for As(III) and As(V) adsorption on PNHM/Fe3O4-40 

Kinetic models Parameters As(III) As(V) 

Pseudo first-order model 

 

qe (mg g-1) 0.877 0.943 

k1 (min-1) 0.226 0.359 

R2 0.919 0.964 

Adj. R2 0.910 0.960 

RMSE 0.083 0.058 

Pseudo second-order model 

 

qe (mg g-1) 0.916 0.966 

k2 (g mg-1 min-1) 0.363 0.733 

R2 0.969 0.983 

Adj. R2 0.965 0.982 

RMSE 0.051 0.039 

Intra-particle 

diffusion model 

Steep 

slope 

 

kd (mg g-1 min-0.5) 0.022 0.014 

C (mg g-1) 0.622 0.778 

R2 0.950 0.979 

Adj. R2 0.940 0.974 

RMSE 0.027 0.011 

Gradual 

slope 

 

kd (mg g-1 min-0.5) 8.2×10-4 0.001 

C (mg g-1) 0.929 0.969 

R2 0.918 0.848 

Adj. R2 0.877 0.772 

RMSE 6.5×10-4 0.001 



 

SI‒2: Adsorption isotherm. Langmuir isotherm model is described below4: 

𝑞𝑒  =
𝑄𝑚 𝑏 𝐶𝑒

1+𝑏 𝐶𝑒
         (4) 

where, b refers the Langmuir constant corresponding to the binding energy (L mg-1) of the 

solute and Qm is the maximum adsorption capacity (mg g‒1). In addition, Freundlich isotherm 

model has been used to describe adsorption of arsenic taking place on a heterogeneous surface5 

of PNHM/Fe3O4-40 is not restricted to monolayer formations and can be described as below: 

𝑞𝑒 = 𝐾𝑓 𝐶𝑒

1

𝑛         (5) 

where, Kf and n are the Freundlich constant corresponding to the adsorption capacity [(mg g‒

1)(L mg‒1) 1/n] and intensity of the adsorption, respectively. 

 

Table S3. Isotherm parameters for As(III) and As(V) adsorption on PNHM/Fe3O4-40 

Isotherm models Parameters As(III) As(V) 

Langmuir isotherm 

 

Qm (mg g-1) 28.265 83.078 

b (L mg-1) 0.015 0.002 

R2 0.907 0.987 

Adj. R2 0.901 0.986 

 RMSE 3.047 2.212 

Freundlich isotherm  

 

Kf  [(mg g-1)(L mg-1)1/n] 3.145 1.057 

1/n 0.326 0.576 

R2 0.984 0.999 

Adj. R2 0.983 0.998 

 RMSE 1.264 0.730 

 



 

Table S4. Comparison of maximum adsorption capacity of the PNHM/Fe3O4-40 with other 

adsorbents for removal of arsenic (pH~7) 

Type of adsorbent 

Maximum adsorption capacity (mg g‒1) 

Ref. 

As(III) As(V) 

Fe3O4 nanoparticles 46.06 16.56 6 

α-Fe2O3 95.0 47.0 7 

Fe3O4@Polyaniline 1.385 1.066 8 

polyaniline/polystyrene 

nanocomposite 

52 56 9 

Nano Zero-Valent Iron on Activated 

Carbon 

18.2 12.0 10 

Porous Fe3O4 6.77 7.23 11 

Commercial Fe3O4 0.76 1.35 11 

Poly(lauryl methacrylate 

divinylbenzene)/poly(glycidyl 

methacrylate)/Fe3O4 

53.97 - 12 

Fe2O3@C 29.40 17.9 13 

Fe3O4‒Honeycomb briquette cinders 1.566 1.288 14 

PNHM/Fe3O4-40 28.27 83.08 

Present 

study 

 

 

 

 

 



 

 

Figure S9. Effect of competing ions on removal of As(III) using PNHM/Fe3O4-40 

(Experimental conditions: adsorbent dose: 1g L-1; C0: 1000 µg L-1; T: 300±3 K; contact time: 

240 min). 

 

 

Figure S10. FTIR spectra of PNHM/Fe3O4-40 composite particles at before and after As(III) 

adsorption. 

 



 

 

 

Figure S11. Probable mechanism of arsenic adsorption on PNHM/Fe3O4-40 at pH ~7. 

 

 

 

Figure S12. (a) Desorption of As(III) from loaded PNHM/Fe3O4–40 with different 

concentration of  NaOH solutions; (b) As(III) removal % using regenerated PNHM/Fe3O4-40 

upto three adsorption/desorption cycles (Experimental conditions: C0: 1000 µg L‒1, dose 1g L-

1, T: 300±3 K , pH~7). 

 



 

Table S5. Physicochemical parameters of naturally arsenic contaminated groundwater sample 

Parameters  Quantity  

Total arsenic (µg L-1) 152.54 

Conductivity (µs cm-1) 2402 

Total dissolved solid (mg L-1) 1404 

Salinity (PSU) 1.09 

pH 7.13 

Turbidity (NTU) 59.27 

Sodium (mg L-1) 239.348 

Potassium (mg L-1) 273.596 

Calcium (mg L-1) 65.920 

Magnesium (mg L-1) 0.576 

Chloride (mg L-1) 377.742 

Phosphate (mg L-1) 1.153 

Total alkalinity (mg L-1) 480 

Total suspended solid (mg L-1) 41 
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