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Arsenic species are regarded as typical water pollutants due to their toxicity. The chemical structures of
arsenic species greatly influence their migration and transformation in the environment. Metal-organic
frameworks (MOFs) are used as reliable adsorbents to control arsenic contamination, so it is urgently
needed to study the effect of chemical structure of arsenic species during adsorption process. The adsorp-
tion behaviors of arsenate (As(V)) and its organic forms such as roxarsone (ROX), p-arsanilic acid (p-ASA)
and dimethyl arsenate (DMA) by MIL-101(Fe), a type of highly porosity iron-based MOFs in aqueous envi-
ronment were detailed investigated. The adsorption kinetics of those arsenic species on MIL-101(Fe) is
rapid followed with pseudo-second-order kinetic model. MIL-101(Fe) exhibits excellent adsorption
capacities for As(V), ROX, p-ASA and DMA with maximum adsorption capacities of 232.98, 507.97,
379.65 and 158.94 mg g�1, respectively. The formed FeAOAAs inner-sphere coordination between
arsenic species and the incomplete-coordinated cationic Fe in the MIL-101(Fe) cluster is the primary
adsorption mechanism based on FTIR and XPS analysis. Substituent aromatic units in ROX and p-ASA
strengthen the adsorption on MIL-101(Fe) through hydrogen bonds and p-p stacking interaction, result-
ing in higher adsorption capacities far beyond that of As(V) and DMA. The reusability of MIL-101(Fe) is
limited by the strong FeAOAAs coordination. These results confirm MIL-101(Fe) a reliable adsorbent
to control the aqueous arsenic species contamination and emphasize the significant role of the chemical
structure of arsenic speciation on adsorption performances of MOFs.
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1. Introduction

Arsenic, a ubiquitous element in the environment, originates
from geological processes and anthropogenic activities. Arsenic
exists predominantly in inorganic forms such as arsenite (As(III))
and arsenate (As(V)) as well as organic forms such as methylated
or aromatic organoarsenicals. Methylated organoarsenicals such
as monomethylarsenic acid (MMA), dimethylarsenic acid (DMA)
are extensively used as herbicides and pesticides [1]. Aromatic
organoarsenicals such as p-arsanilic acid (p-ASA) and roxarsone
(ROX) are also widely used as feed additives in livestock and poul-
try industry due to their high performance to control intestinal
parasites and prevent dysentery [2,3]. Although organic arsenics
are originally low-toxicity [4]. After entering the environment,
water-soluble organoarsenicals can be transformed into inorganic
arsenite (As(III)) or arsenate (As(V)) by biotical degradation, which
would be more toxic to ecosystem [5]. In previous study, elevated
levels of the arsenic concentration in drinking water detected in
certain countries such as the United States, India, and China had
exceeded 10 lg L�1 [6], compared with that of World Health Orga-
nization standard [7]. More important, long-term exposure to
arsenic-contaminated water would threaten human’s health, lead-
ing to cancers, arsenicosis and endocrine disorders [8,9]. To mini-
mize the threats, it is necessary to reduce inorganic and organic
arsenic compounds from the aqueous or soil environment. Various
of strategies have been reported to control inorganic arsenic con-
tamination [10,11], but the methods that can simultaneously
remove organoarsenicals are restricted to advanced oxidation
[12], photocatalysis [13] and adsorption. Among them, adsorption
is regarded as the most promising technique due to its advantages
of simple operation, low cost, high efficiency and reusability. Vari-
ety of adsorbents have been studied for arsenic removal, including
manganese dioxide [14], activated carbon [15], biochar [16], tita-
nium dioxide [17], carbon nanotubes [18] and chitosan [19]. How-
ever, some problems still exist in above adsorbents such as low
adsorption capacity and selectivity.

Metal-organic frameworks (MOFs), a novel class of porous
adsorbents assembled by metal clusters and organic linkers, have
attracted substantial research attention in recent years due to their
simple synthesis, unique porous structure and diverse composi-
tions. One of the biggest advantages of MOFs is their inherent coor-
dinatively unsaturated sites (CUSs), i.e. the Lewis acid sites in the
structure of MOFs which make them better to interact with guest
molecules and reaction intermediates, resulting in the potential
application in catalysis and adsorption [20–22]. Intensive studies
have been carried out to exploit the potential application of MOFs
for arsenic removal, which found that MOFs presenting reliable
adsorption affinity and capacity for arsenic are mainly Fe-based
MOFs or Zr-based MOFs due to the strong MAOAAs (M means
metal clusters in MOFs) coordination between metal clusters and
arsenic [23–31]. Although the adsorption of arsenicals on MOFs
has been studied widely, previous researches only conducted with
single type (inorganic or organic) of arsenic and MOFs. The chem-
ical structures of arsenic species greatly influence their adsorption
behaviors on variety adsorbents. For instance, Our previous studies
focused on the adsorption behaviors of different arsenic species
onto MnFe2O4 magnetic nanoparticles revealed that the adsorption
capacity in the order of As(V)＞ ROX � p-ASA＞ DMA because the
formation of FeAOAAs coordination is the unique adsorption
mechanism [32]. Meanwhile, a-FeOOH@GCA showed adsorption
capacity in the order of p-ASA＞ As(V)＞ DMA due to the extra
adsorption interaction for organoarsenicals with graphene oxide
[33]. It is noteworthy that the adsorption mechanism of
organoarsenicals onto MOFs is more complex in comparison with
inorganic arsenate due to the presence of organic groups in both
the structure of MOFs material and organoarsenicals, it may result
in different adsorption behavior. In order to better apply MOFs for
arsenic removal, systematic investigation about the interactions
between MOFs and different arsenic species should be highly
desired.

Fe-based MOFs are particularly selected in this study because Fe
has advantage of environmentally friendly and is one of the most
abundant metals in earth’s crust. The great adsorption perfor-
mance of Fe-based MOFs, including MIL-100(Fe), MIL-88A(Fe)
and MIL-88B(Fe), on inorganic arsenic have been proven
[29,34,35]. However, studies about removal of organoarsenicals
are particularly rare [24]. MIL-101(Fe) (MIL stands for Matériaux
Institute Lavoisier), a typical Fe-based MOFs, is comprised of octa-
hedral chains of Fe(III) as secondary building units (SBUs) and 1,4-
benzenedicarboxylic acid (BDC) linkers [36]. Comparing with other
M-BDC polymorphs MIL-53 and MIL-88, MIL-101 shows great
potential in adsorption due to relatively high specific surface area
and inherent mesoporous cages [37]. Moreover, previous study
revealed that MIL-101(Fe) showed great adsorption capacity (up
to 107.70 mg g�1) for phosphate adsorption with reliable recycla-
bility [38]. Considering the same main group of arsenic and phos-
phor, we expect MIL-101(Fe) to be a potential and suitable
adsorbent for arsenic removal.

The aim of this study is to comprehensively understand the
effect of chemical structure of arsenic species on adsorption perfor-
mances by MIL-101(Fe). Inorganic arsenate (As(V)), as well as
organoarsenicals including ROX, p-ASA and DMA were selected
as representative arsenic species. The adsorption behaviors of
these four types of arsenic species onto MIL-101(Fe) have been
compared completely, including adsorption kinetics, adsorption
isothermals, as well as the effects of pH, competing ions and dis-
solved organic matters (DOM). Moreover, the possible adsorption
mechanisms between arsenic species with different substituent
groups and MIL-101(Fe) have been proposed via Fourier transform
infrared spectrophotometer (FTIR) and X-ray photoelectron spec-
troscopy (XPS). Finally, various elution reagents were used to
explore the potential reusability of MIL-101(Fe).

2. Materials and methods

2.1. Materials

Aqueous stock solutions of arsenic species (1000 mg-As L�1)
were prepared by dissolving disodium hydrogen arsenate heptahy-
drate (Na2HAsO4�7H2O, Shanghai Chemical Reagent Institute, 98%),
p-arsanilic acid (Aladdin, 98%), roxarsone (Alfa Aesar, 99%) and
sodium dimethylarsinate (Alfa Aesar, 98.5%) in deionized water.
Arsenic species working solutions of various concentrations
(10–400 mg L�1) were prepared by diluting the stock solutions
with deionized water. Ferric chloride hexahydrate (FeCl3�6H2O),
terephthalic acid (BDC), N, N-dimethylformamide (DMF) and all
other chemicals were supplied by Sino pharm Chemical Reagent
Co. Ltd (Shanghai, china) and used without further purification.

2.2. Synthesis of MIL-101(Fe)

The MIF-101(Fe) were prepared according to previously reports
employing solvothermal method [39]. 2.48 mmol (0.412 g) BDC,
4.9 mmol (1.3244 g) FeCl3�6H2O were dissolved in 30 mL DMF by
sonication. The solution was then transferred to Teflon-lined
stainless-steel autoclaves and heated at 110 �C for 20 h. When
the autoclaves were cooled down to room temperature, the
MIL-101(Fe) powder were respectively washed with DMF and
hot ethanol for 3 times to remove unreacted compounds and then
dried at 60 �C for 24 h. Before adsorption experiments, the adsor-
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bents were activated at 120 �C for 12 h in vacuum dryer to remove
moisture.

2.3. Characterization

X-ray diffraction (XRD, Rigaku D/Max-2500, Japan) was carried
out to characterize the crystal structure of MIL-101(Fe) with Cu Ka
as source of radiation, k = 1.54056 Å at a scan speed of 10� min�1

over the 2h range from 5� to 80�. Scanning electron microscopy
(SEM, JEOL S-4800, Hitachi, Japan) was used to characterize the
morphology and particle size of MIL-101(Fe). The BET specific sur-
face area, pore volume and pore size were obtained by nitrogen
adsorption-desorption isotherms at 77 K on a Quantachrome
Instruments System (02108-KR-1, Quantachrome, USA). Thermo-
gravimetric analysis (TGA) was performed on a STA449 F5 TG-
DSC thermal analyzer (Netzsch, Germany) by heating the sample
from room temperature to 800 �C with rate of 10 �C min�1 under
air atmosphere, samples were degassed in vacuum at 120 �C for
24 h before measurements. In situ FTIR (Finnigan Nicolet Nexus
600, Thermo, USA) spectra of MIL-101(Fe) nanoparticles before
and after adsorption were collected using the KBr method operated
in the scan range of 400–4000 cm�1 in transmission mode. X-ray
photoelectron spectroscopy (XPS) was carried out to analyze the
surface elements of materials on Axis UltraDLD spectrometer (Kra-
tos Analytical-A Shimadzu group company, Japan) using a
monochromatic Al Ka source (1486.6 eV). Isoelectric points of
materials were measured by zeta potential analyzer (Malvern
instruments limited, USA) as a function of pH.

2.4. Adsorption experiments

For adsorption kinetic studies, 100 mg of adsorbents were
added to 200 mL aqueous solution with arsenic concentrations
(100 mg L�1) at natural pH, then the mixtures were shaken in a
thermostatic oscillator and sampled at predetermined time inter-
vals. The sorption isotherms were determined by adding 10 mg
of adsorbents into 20 mL solution with arsenic concentrations
ranging from 0.5 to 400 mg L�1 at natural pH. To investigate the
effect of pH, the adsorption capacities at various pH values were
determined after mixing 10 mg of adsorbents with 20 mL arsenic
aqueous solution (50 mg L�1) for 24 h, the pH values of the arsenic
solution were adjusted with NaOH (0.1 M) or HCl (0.1 M). The
influence of the competing ions and dissolved organic matter
(DOM) was investigated by mixing anion NaCl, Na2SO4, NaNO3,
Na2CO3, Na3PO4, Na2SiO3 (1 mmol L�1) and DOM (50 mg L�1) with
arsenic aqueous solution (50 mg L�1) at natural pH, 10 mg of
adsorbents was added to 20 mL mixed solution for 24 h. Consider-
ing the water solubility, fulvic acid (FA) was chosen as the DOM in
this research. Batch adsorption experiments were carried out at in
a platform shaker at room temperature (25 ± 1 �C) with a speed of
200 rpm. After experiment, the solution was filtered through a
0.45 mm filter and the residual concentrations of arsenic species
were measured by inductively coupled plasma-atomic emission
spectrometry (ICP-AES, IRIS Intrepid ⅡXSP).

2.5. Reusability and elution experiments

Arsenic-loaded samples were obtained by adding 100 mg MIL-
101(Fe) into 200 mL solution containing 20 mg L�1 As(V). After
adsorption equilibrium, the samples were collected by filtration
and washed with de-ionized water. Then, following elution
reagents were selected: 2 M NaCl, 10 mM HCl, 5 mM NaOH and
10 mM NaOH. Elution experiments were operated by adding
10 mg arsenic-loaded samples to 20 mL of the elution reagents.
The mixtures were than shaken for 12 h at room temperature
(25 �C) with a speed of 200 rpm. After selecting the most suitable
reagent, the samples were filtered and dried for recycle used. The
regeneration cycles were repeated for three times.

Toxicity Characteristic Leaching Procedure (TCLP) was operated
following a previously reported method [40]. Extraction reagent
was prepared by adding 64.3 mL of 1 M NaOH and 5.7 mL of glacial
acetic acid to water, the solution was diluted to a final volume of
1L. The mixture containing arsenic-loaded samples and extraction
reagents with the ratio of 1:20 was shaken for 18 h at room tem-
perature (25 �C) with a speed of 200 rpm.

3. Results and discussion

3.1. Properties of MIL-101(Fe)

The surface morphology of MIL-101(Fe) nanoparticles was visu-
alized with SEM and shown in Fig. 1(a). MIL-101(Fe) materials
demonstrate the uniform octahedral structure with the diameter
about 2 � 3 lm, which is consistent with the previous study [38].
The as-synthesized MIL-101(Fe) was characterized by XRD in
Fig. 1(b). The well-defined diffraction peaks located at 2h of
5.25�, 5.99�, 8.57�, 9.19� and 16.54� confirm the formation of highly
crystal MIL-101(Fe), which match well with the simulated MIL-101
[41] and other reported MIL-101(Fe) [42]. The nitrogen adsorption
and desorption isotherms of MIL-101(Fe) shown in Fig. 1(c) exhibit
type IV with H1 hysteresis loops behavior which are typical for
mesoporous materials [43]. Previous report showed that two types
of cages are presented in the framework of MIL-101, including
microporous (�8.6 Å) inside the super tetrahedra (ST) and meso-
porous (�29 Å and 34 Å) cages formed by adjacent ST [44]. It also
be reflected by the pore size distribution (Fig. 1(c) inset) which
shows that the percentages of macrospores, mesopores and micro-
pores are 25.84%, 55.44% and 18.72%, respectively. The specific sur-
face area calculated by BET method and the BJH pore volume are
1172.5 m2 g�1 and 1.16 cm3 g�1, respectively, which is larger than
that of other reported Fe-BDC polymorphs including MIL-53(Fe) of
14 m2 g�1 and MIL-88(Fe) of 214 m2 g�1 [28,35], confirming the
highly porosity of MIL-101(Fe). The result of thermo gravimetric
analysis (TGA) shown in Fig. 1(d) demonstrates the excellent ther-
mal stability of MIL-101(Fe) even at 300 �C in air. The weight loss
(about 15%) below 350 �C may be attributed to the elimination of
water molecular and free terephthalates in the pores of MIL-101
(Fe). Subsequently, the significant weight loss at temperature from
300 to 650 �C probably owe to the decomposition of coordinated
organic ligands that result in the collapse of the framework, which
is similar to the other MOFs formed by terephthalate ligand such as
UIO-66 and MIL-101(Cr) [45,46].

3.2. Adsorption kinetics comparison of different arsenicals

Kinetic experiments were used to investigate the rate of arsenic
removal from water by the adsorbent. Fig. 2(a) shows the adsorp-
tion kinetics of arsenic species onto MIL-101(Fe) particles. Similar
trends of the variation of adsorption as a function of reaction time
are presented for different types of arsenic. The adsorption of all
the arsenic species on MIL-101(Fe) were fast at the beginning,
and then sharply leveled off, the equilibrium time reached approx-
imately after 4 h.

To analyze the adsorption kinetics precisely, pseudo-first-order
(1) and pseudo-second-order (2) models were used to simulate the
adsorption of arsenic species on MIL-101(Fe) particles [47], which
can be expressed as follows:

Qt ¼ Qe 1� e�k1t
� � ð1Þ

Qt ¼
k2Q

2
e t

1þ k2Qet
ð2Þ
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Fig. 2. (a) Adsorption kinetics of arsenic species on MIL-101(Fe) nanoparticles and (b) linear fittings of intraparticle diffusion model.
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Fig. 1. (a) SEM image, (b) XRD patterns, (c) Nitrogen adsorption-desorption isotherms with pore size distribution (inset), and (d) Thermogravimetric curve of MIL-101(Fe).
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where Qt (mg g�1) and Qe (mg g�1) are the adsorption capacity at
any time and at adsorption equilibrium, the parameter k1 (h�1)
and k2 (g mg�1h�1) are the first and second order kinetic rate
constants, respectively.
Table 1
Kinetics parameters for adsorption.

First-order Second-order

Qe (mg g�1) k1 (h�1) R2 Qe (mg g�1) k2 (g mg�1 h�1)

As(V) 103.25 4.5021 0.9741 107.33 0.0805
ROX 71.1 3.0765 0.9683 74.84 0.0687
p-ASA 58.66 2.3126 0.9907 62.01 0.0577
DMA 13.66 0.5355 0.9649 15.33 0.0444
As the calculated kinetic constants listed in Table 1, the adsorp-
tions of all arsenic species were fitted better by the pseudo-second-
order models with relatively high correlation coefficients
(R2 > 0.98). The adsorbed amounts obtained through the
Intraparticle diffusion

R2 Experience Qe (mg g�1) kp (mg g�1 h�0.5) C R2

0.9973 107.41 28.91 46.11 0.4637
0.9973 74.31 21.72 26.80 0.5916
0.9934 60.71 18.10 19.11 0.6316
0.9884 14.42 3.91 1.67 0.9431
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pseudo-second-order model are close to the experimental results,
confirming that chemisorption is the dominant mechanism of the
overall adsorption process[48]. Based on the k2 value, the adsorp-
tion rates of different arsenic species are decreased in the following
order: As(V) > ROX > p-ASA > DMA.

The rate controlling step and diffusion mechanism were inves-
tigated by using intraparticle diffusion model (3) based on the
kinetic data before equilibrium [49].

Qt ¼ kpt0:5 þ C ð3Þ

where Qt (mg g�1) is the adsorption capacity at time t; kp
(mg g�1h�0.5) and C are the intraparticle diffusion rate constant
and intercept, respectively.

Previous study found that three diffusion steps were involved in
the entire adsorption process [49]: (i) arsenic molecules trans-
ferred across the external boundary layer of the adsorbent, (ii)
intraparticle diffusion of arsenic occurred in the pores of the adsor-
bents and (iii) adsorption at sites on the surface. According to the
hypothesis [50], the step (iii) usually occurred extremely rapid,
thus the adsorption was assumed to be controlled by boundary
layer diffusion or/and intraparticle diffusion. As the fitting results
shown in Fig. 2(b) and Table 1, the plot of adsorption represents
linear for DMA with relatively high correlation coefficient, indicat-
ing that intraparticle diffusion was the rate controlling process. On
the contrary, the plots for As(V), ROX and p-ASA are not linear over
the entire time range, implying that the adsorption were affected
by both boundary layer diffusion and intraparticle diffusion. More-
over, the contribution of boundary layer diffusion is in direct pro-
portion to the intercept (C) of the plots [51]. It is noteworthy that
the C values follow the order As(V) > ROX > p-ASA > DMA, which is
consistent with the order of adsorption rates, confirming that
higher contribution of boundary layer diffusion would result in fas-
ter adsorption processes.

By inference, the diversity of adsorption rate and diffusion con-
trolling step of arsenic species on MIL-101(Fe) is presumably
caused by not only the variation of molecular structure but also
the adsorption interaction of different arsenic species. Conven-
tional Fe-based adsorbents usually showed higher adsorption rate
for As(V) than organoarsenicals, such as MnFe2O4 [52], magnetite
[53,54], ferrihydrite and goethite [55]. It could be explained by that
FeAOAAs coordination was usually considered as the possible
adsorption mechanism of arsenic onto Fe-based materials, the
number of coordinative sites in arsenic species is depended on
the amounts of the hydroxyl groups in their molecules. In general,
As(V) have three hydroxyl groups that can offer four possible edge
sites to form monodentate mononuclear complex and six possible
sites to form bidentate binuclear complex with MIL-101(Fe); while
ROX and p-ASA have two hydroxyl groups because of the substi-
tuted benzene ring that can offer three possible edge sites to from
monodentate mononuclear complex and three possible sites to
form bidentate binuclear complex with MIL-101(Fe) [56]. For
DMA, one hydroxyl group is present in its molecular due to the
substituted two methyl groups, thus it only has two possible sites
to form monodentate mononuclear complex and one site to form
bidentate complex with MIL-101(Fe) [57]. For this reason, higher
amounts of coordinatively sites in As(V) will make it more easier
to form any surface complexes, which results in adsorption rate
higher than ROX, p-ASA and much higher than that of DMA. Con-
sidering the same coordination condition of ROX and p-ASA, the
slightly higher adsorption rate of ROX than p-ASA might attribute
to the difference of their functional groups in the aromatic rings.
Previous study suggested that other interaction mechanism such
as hydrogen bonding may occur between the organic linker in
MOFs and the functional groups in organoarsenicals [27].
Therefore, the adsorption mechanisms of organoarsenicals onto
MIL-101(Fe) are more complex than As(V), which will be detailed
discussed in Section 3.5.

3.3. Adsorption isotherms comparison of different arsenicals

The adsorption isotherms experiments were operated to evalu-
ate the uptake capacity of MIL-101(Fe) for different arsenic species.
As shown in Fig. 3, when the adsorbent reaches saturation, the
amount of the equilibrium adsorption capacity (Qe) of different
arsenic species decreases in the following order ROX > p-ASA > As
(V) > DMA. Meanwhile, it is noteworthy that the Qe of As(V)
exceed the Qe of ROX at relatively low initial concentration
(C0 <100 mg L�1), which is similar to the results of kinetic analysis,
indicating that substitution groups simultaneously affect the
adsorption affinity and capacity of arsenate onto MIL-101(Fe).

This situation could be explained by the steric chemical struc-
ture diversity of different arsenic species. Previous results based
on EXAFS suggest that the substituted benzene ring and dimethyl
group in organoarsenicals result in larger molecular volume than
that of As(V) [58,59]. Comparing the adsorption behaviors of As
(V), ROX and p-ASA, when active sites in MIL-101(Fe) were suffi-
cient for adsorption, the steric hindrance of organoarsenicals may
affected their affinity with MIL-101(Fe) and led to lower adsorption
capacity than that of As(V). When the adsorption sites of MIL-101
(Fe) gradually became saturated with the increase of initial arsenic
concentrations, ROX and p-ASA may form extra bonding with
MIL-101(Fe) comparing with As(V), and subsequently synergisti-
cally increased the saturated adsorption capacity. Previous study
suggested that p-ASA can interact with UIO-67 and NH2-MIL-68
(In) through p-p stacking due to the presence of benzene ring in
arsenic molecules and ligands on the MOFs [31,60]. Substituted
AOH on the benzene ring of ROX and ANH2 on p-ASA also enhance
the adsorption via protonation reactions and forming hydrogen
bond with the hydroxy group in the Fe-Mn binary oxide, respec-
tively [61]. Thus, we speculate that the enhanced adsorption
capacity of ROX and p-ASA at the high initial concentration
(>100 mg L�1) might be attributed to the extra adsorption mecha-
nism including hydrogen bonding and p-p stacking. Aforemen-
tioned explanation can also be reflected in the previous study
about adsorption of different arsenic species onto MOFs detailed
in Table 2, the adsorption capacities of ROX and p-ASA reached
730.2 mg g�1 which are much higher than that of As(V) which gen-
erally less than 300 mg g�1. It is noteworthy that when the initial
As concentration below 1 mg L�1 (Fig. S1), although the Ce value
of As(V), ROX and p-ASA were too low to compare their adsorption
behavior, all of them were less than the permissive threshold value
(10 lg L�1) in drinking water limited by WHO, confirming the
potential application of MIL-101(Fe) in the purification of
arsenic-contaminated water.



Table 2
Comparing the adsorption capacities of arsenic species with other MOFs.

Arsenic adsorption capacity (mg g�1)

Adsorbent Central ions As(V) ROX p-ASA DMA Reference

NH2-MIL-68(In) In – – 503.2 – [60]
ZIF-8 Zn – – 730.2 – [64]
ZIF-8 Zn 60.2 – – – [26]
Zn-MOF-74 Zn 325 – – – [65]
MIL-101(Cr) Cr – – 67.6 – [27]
MIL-101(Cr)-(OH)3 Cr – – 238.8 – [27]
UiO-66 Zr 303.1 – – – [66]
UiO-66 Zr – 197.1 – – [67]
UIO-66-defect Zr – 729.8 – – [67]
UIO-67 Zr – – 455.3 – [31]
UIO-67-NH2(2) Zr – – 179.5 – [31]
MIL-53(Fe) Fe 21.3 – – – [28]
MIL-88A(Fe) Fe 145.5 – – – [29]
NH2-MIL-88B(Fe) Fe 125.2 – – – [68]
MIL-100(Fe) Fe 110 – – – [34]
MIL-100(Fe) Fe – 387.3 366.0 [24]
Fe/Mg-MIL-88B Fe/Mg 303.6 – – – [69]
a-Fe2O3 derived from MIL-100(Fe) Fe 182.7 – – – [70]
MIL-101(Fe) Fe 233.0 508.0 379.7 159.0 This study

Z. Li et al. / Journal of Colloid and Interface Science 554 (2019) 692–704 697
The Qe values of DMA in all the initial concentration ranges are
much lower than that of other arsenic species, which is similar
with the previous results for DMA adsorption on ferrihydrite,
goethite [58] and aluminum oxide [62]. The cause of lower adsorp-
tion capacity for DMA is probably attributed to the presence of the
substituted two methyl groups. Previous study suggested that the
additional two methyl groups not only resulted in lower possible
coordinative sites, but also may affected the molecular geometry
of DMA, and consequently reduced its spatial compatibility with
the surface adsorption sites of MIL-101(Fe) [57].

To obtain the maximum adsorption capacity, Langmuir (3) and
Freundlich (4) isotherm models were used to analyze the adsorp-
tion equilibriums data [63], which can be expressed as follows:

Qe ¼
QmkLCe

1þ kLCe
ð3Þ

Qe ¼ kFCe
1=n ð4Þ

where Ce (mg L�1) and Qe (mg g�1) are the amount of the equilib-
rium concentration and equilibrium adsorption quantities, Qm (mg
g�1) is the maximum adsorption quantities; kL (L mg�1) and kF
(mg g�1) are constants of Langmuir and Freundlich model; n is
the heterogeneity factor.

As shown in Table 3, the Qe obtained from Langmuir model fol-
low the order of ROX (507.97 mg g�1) > p-ASA (379.65 mg g�1)
> As(V) (232.98 mg g�1) > DMA (158.94 mg g�1), which is corre-
sponded to the experimental data and outperformed most of other
reported MOFs (Table 2). Moreover, the loading dependent trends
are well described by Freundlich the model for As(V), while fitted
better by Langmuir model for ROX and p-ASA. In general, Langmuir
isotherm model was used to describe the monolayer adsorption
behavior that adsorbates homogeneously interact with the surface
of adsorbents, while Freundlich isotherm model was based on the
Table 3
Values of Freundlich and Langmuir Parameters.

Langmuir

Qmax (mg g�1) KL (L mg�1) R2

As(V) 232.98 0.4258 0.8
ROX 507.97 0.0292 0.9
p-ASA 379.65 0.0337 0.9
DMA 158.94 0.0074 0.9
multilayer adsorption that involve the interaction between adsor-
bates each other. Previous studies suggested that the adsorption of
As(V) onto MOFs involves two step. One is the direct binding of As
(V) to the coordinatively unsaturated sites (CUSs) on the metal
nodes, which is the dominated adsorption mechanism with fast
adsorption kinetic. With the initial concentration of As(V) exceed
the CUSs in MOFs, the free arsenate may interact with the adsorbed
arsenate and form AsAOAAs coordination oligomers [23]. In case
of DMA adsorption which is controlled by intraparticle diffusion
due to the high steric hindrance, so DMA adsorption on MIL-101
(Fe) follows either Langmuir or Freundlich isotherm model. In
comparison, the adsorption isotherms of ROX and p-ASA fit well
with Langmuir isotherm model indicates that the adsorption sites
are homogenous due to the hydrogen-bonding and p-p bonding
adsorption interactions. Overall, MIL-101(Fe) is an efficient adsor-
bent for arsenate with high adsorption affinity and capacity. The
substituted aromatic units in ROX and p-ASA enhance the adsorp-
tion capacity via the extra adsorption interaction, but inhibit the
adsorption affinity due to the steric hindrance. The substituted
two methyl groups in DMA significantly decrease both the adsorp-
tion capacity and affinity.
3.4. Effect of competing ions on different arsenicals on MIL-101(Fe)

As there are various anions which may compete with arsenic
species during adsorption in aqueous environment. The effect of
co-existing anionic ions (Cl�, NO3

�, SO4
2�, CO3

2�, SiO3
2�, PO4

3�) on dif-
ferent arsenic species adsorption are showed in Fig. 4. For all the
arsenic species, inert electrolytes (Cl�, NO3

�, SO4
2�) have slight effect

on the adsorption capacities. Previous studies suggested that if the
adsorbed ions forming outer-sphere with adsorbents locate at the
same plane with electrolyte ions, the presence of electrolyte ions
will inhibit the adsorption. In contrast, the inner-sphere complex
Freundlich

KF (mg g�1) n R2

595 89.23 5.0735 0.9636
119 58.14 2.6903 0.7979
538 48.79 2.7226 0.8318
454 4.82 1.7825 0.9684
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adsorption mechanism is hardly affected by electrolyte ions
because the adsorbed ions directly coordinate to the surface metal
atoms [40]. The point of zero charge (PZC) of MIL-101(Fe) before
and after adsorption were also measured to identify the inner- or
outer-sphere complexes, as specific adsorption (inner-sphere com-
plexation) may change the PZC [59]. As shown in Fig. 5(a), the PZC
of MIL-101(Fe) are shifted from 6.01 to 5.48, 3.60, 5.01 and 5.81
after loaded with As(V), ROX, p-ASA and DMA, respectively, indi-
cating that inner-sphere complexes are formed between arsenic
species and the adsorbent, which is consistent with results of
MnFe2O4 and CoFe2O4 [71]. CO3

2� and SiO3
2� have no effect for the

adsorption of As(V), implying that competitive adsorption is less
likely to happen between arsenate and these two anions. However,
the presence of CO3

2� and SiO3
2� slightly inhibit the adsorption of

ROX and p-ASA, but obviously enhance the adsorption of DMA.
Considering that both CO3

2� and SiO3
2� are strong weak acid salts,

we speculate that the change of the amount of adsorbed ROX, p-
ASA and DMA may due to the increasing basicity of the solution
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Fig. 5. (a) Zeta potentials of MIL-101(Fe) before and after arsenic species adsor
with the hydrolysis of these ions. Besides, the adsorption of all
arsenic species is obviously inhibited by PO4

3�. Arsenic and phos-
phorus are in the same main group, the highly similar atomic
structures and chemical properties would make arsenate and
phosphate easy to form inner-sphere complexes with the same
active site of the adsorbents [72,73], thus the competitive adsorp-
tion between arsenic and phosphate may be attributed to the sim-
ilar adsorption mechanism.

As dissolved organic matter (DOM) is considered as an impor-
tant part in groundwater, fulvic acid (FA) was selected to investi-
gate the effect of DOM on the adsorption. As shown in Fig. 4, the
FA hardly affects the adsorption of As(V) and DMA, but moderately
decreases the adsorption efficiency of ROX and p-ASA. Previous
study demonstrated that DOM could be adsorbed onto the surface
of MOFs via electrostatic interaction and p-p stacking interaction
[74]. Thus, the decreasing adsorption capacities of ROX
and p-ASA in the presence of FA might be attributed to the compet-
itive sorption.
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3.5. Adsorption mechanism study

The results of adsorption behavior investigation suggest that
the adsorption behaviors of different arsenic species are signifi-
cantly affected by their chemical structure due to the variation of
their adsorption mechanism. While chemisorption was proved
the dominant adsorption for the adsorption of all arsenic species
by the results of pseudo-second-order model fitting, in order to
clarify how the chemical structure affect the adsorption process,
possible mechanisms including electrostatic interaction, hydrogen
bonding, coordination and p-p interaction will be discussed as fol-
low [26,27].

3.5.1. Electrostatic interaction
To understand the contribution of electrostatic interaction more

clearly, the amounts (Qe) of arsenic species adsorbed over MIL-101
(Fe) were evaluated at pH range of 3 to 11 and the results are illus-
trated in Fig. 5(b). MIL-101(Fe) shows similar adsorption capacity
of As(V) in the whole pH range. On the contrary, the adsorption
of ROX, p-ASA and DMA are pH-dependent. The adsorption of
ROX monotonically decreases with the increasing pH, the adsorp-
tion of p-ASA slightly enhances when pH increases from 3 to 4,
and gradually declines till pH increases to 11. Adsorption of DMA
increases with the increasing pH.

During the adsorption, both the surface charge of MIL-101(Fe)
and the degree of ionization of arsenic species are affected by solu-
tion pH. The results of PZC shown in Fig. 5(a) show that the point of
zero charge (PZC) of pristine MIL-101(Fe) approximately at pH of 6,
implying that its surface charge should be positive below pH 6 or
negative above pH 6, respectively. In Fig. S2, the aqueous dissocia-
tion constants (pKa) of arsenic species suggest that As(V), ROX, p-
ASA and DMA can form anionic species above pH of 2.2, 3.4, 4.1
and 6.1, respectively. If electrostatic interaction plays an important
role in adsorption, the Qt of all the arsenic species should be high-
est at pH of 6 and decline with the increasing pH because of the
electrostatic repulsion between negatively charged MIL-101(Fe)
and anionic arsenic species. However, the results shown in Fig. 5
are inconsistent with the expectation, indicating that electrostatic
interaction is not the main mechanism for the adsorption of
arsenic species onto MIL-101(Fe).

Previous studies reported that the adsorption capacities of As
(V) onto MIL-53(Fe) and MIL-88A(Fe) are strongly pH-dependent
because electrostatic interaction is involved in the adsorption as
well as their relatively low stability [28,29]. The uptakes of As(V)
onto ZIF-8 decreased sharply at acidic condition with the high
releasing of Zn2+, meanwhile the adsorption performance was dis-
satisfied under basic condition due to the anion repulsion [26].
Thus, the constant adsorption performance for As(V) in wide range
of pH (3 � 11) reveal that the strong interaction between MIL-101
(Fe) and arsenate, indicating MIL-101(Fe) a promising adsorbent
for arsenate removal. By comparison, the uptakes of ROX and p-
ASA are slightly inhibited by the increasing pH, which means that
the interaction is not strong enough to overcome the electrostatic
repulsion. Considering the same adsorption mechanism of As(V)
and DMA, the enhancement of DMA adsorption capacity with
increasing pH may be attributed to that the free BDC occupying
the pores dissolved in alkaline condition, thus the steric hindrance
between DMA molecules and the adsorption sites should be
relieved.

3.5.2. Coordination
Coordination is an important mechanism used to explain the

adsorption of arsenic species over Fe-based materials because the
bidentate binuclear, bidentate mononuclear and monodentate
mononuclear complexes can occur between FeAOH groups and
AsAO [52]. In the structure of MIL-101(Fe) with framework
formula Fe3OCl(H2O)2(BDC)3 [75], each node is connected to three
BDC linkers with terminal Cl� or H2O occupying the remaining
three coordination sites. In theory, each cluster of MIL-101(Fe)
has three coordinatively unsaturated sites (CUSs) that can act as
Lewis acid sites and result in the formation of FeAOH by deproto-
nation in aqueous solution [76]. Therefore, arsenic species would
form FeAOAAs coordination by exchange the hydroxyl groups in
Fe clusters of MIL-101(Fe). To demonstrate the role of coordination
in the adsorption, XPS study was conducted to investigate the
interaction between MIL-101(Fe) and arsenic species. As the XPS
wide-scan spectra of MIL-101(Fe) shown in Fig. 6(a), the peaks
located at 711.00, 531.00, 285.00 and 198.00 eV are assigned to
the characteristic peaks of Fe2p, O 1s, C 1s and Cl 2p, respectively.
After arsenic species adsorption, the peaks of As 3d, As 3p and As
2 s are detected, indicating the retention of arsenic species on
MIL-101(Fe). In the high-resolution O 1s spectrum of pristine
MIL-101(Fe) shown in Fig. 6(b), three peaks located at 530.41,
531.8 and 533.33 eV are related to O in iron oxide (FeAOAFe), iron
bonded to hydroxyl/organic ligands (FeAOH/FeAOAC) and
unbonded carboxyl (OAC@O), respectively [28,38]. After adsorp-
tion of As(V) and p-ASA, the area ratio of peak of OAC@O
(533.33 eV) increases from 7.00% to 13.00% and 10.60%, respec-
tively, indicating that the bonds between the FeAO nodes and car-
boxylate in ligands may be partly broken during the adsorption,
and resulting in the formation of free carboxylate groups. After
adsorption of ROX, the proportion of peak at 533.33 eV increased
to 37.70% in contrast to the pristine material, it may due to the
presence of oxygen-containing groups in the benzene ring of ROX
(CAOH/CAN@O) [67,77]. Considering this explanation, the area
ratios of peak at 531.8 eV decrease from 84.00% to 26.45%,
23.70% and 24.20% after the adsorption of As(V), ROX and p-ASA,
respectively, could be attributed to the decrease of amounts of
FeAOH during the adsorption. Combined with the completely dis-
appearance of the peak at 530.41 eV, it is clearly to elucidate that
the FeAOAFe and FeAOH groups are involved in the adsorption
process. Meanwhile, a strong new peak of FeAOAAs located at
530 ± 0.2 eV after adsorption [68], suggesting the significantly con-
tribution of FeAOAAs coordination in the adsorption of arsenic
species. Besides, not obvious difference in the O1s spectra are
observed after the adsorption of DMA, the increase of the propor-
tion of peak at 530.37 eV (from 9.00% to 19.70%) could be
explained by the weak formation of FeAOAAs bond.

The FTIR spectra and of MIL-101(Fe) before and after adsorption
are deconvoluted to further analyze the contribution of FeAOAAs
coordination in the adsorption. As shown in Fig. 7, the broad peaks
centered at 3366 cm�1 is corresponded to the stretching vibration
of adsorbed water molecules. The broad band around 3100–
3700 cm�1 is attributed to the H2O and AOH groups in the mate-
rial. The asymmetric and symmetric stretching vibration of
OAC@O in carboxyl groups from BDC are showed at the peak about
1590 cm�1 and 1394 cm�1, respectively, and the peak at 746 cm�1

is corresponded to the out-of-plane bending vibration of CAH in
the aromatic ring of BDC [78]. The peak at 540 cm�1 is related to
the stretching vibration of FeAO [79]. After adsorption of As(V),
ROX and p-ASA, the significant appearance of broad bands at
832 cm�1 assigned to the vibration of FeAOAAs proves the forming
of strong inner-sphere surface complexes on MIL-101(Fe) surfaces
[80], peaks intensities of ROX and p-ASA are weaker than As(V)
though the adsorption quantities of these three arsenic species
are roughly the same, suggesting that another mechanism may
control the adsorption. Otherwise, the number and position of
peaks among 1481 cm�1 to 1645 cm�1 which corresponded to
the C@C stretching vibration of benzene ring are altered due to
the difference of substituent group at ROX and p-ASA after adsorp-
tion [81]. It is notably that after adsorption of As(V), ROX and
p-ASA, two new bands appear at 1280 cm�1 and 1686 cm�1, which
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might be attributed to the stretching vibration of C@O and CAOH
of carboxyl groups, also confirming the slightly broken of FeAOAC
bond and the forming of unbonded carboxyl, which agrees with the
results of XPS. Comparing with the other three arsenics, only one
peak at 832 cm�1 enhance after the adsorption of DMA, suggesting
that DMA bond to MIL-101(Fe) through forming FeAOAAs com-
plexes without fracture the FeAOAC connection. Above-
mentioned results confirm the significant role of coordination in
the adsorption.

3.5.3. Hydrogen bonding and p-p stacking interaction
According to the results of isotherm experiments, MIL-101(Fe)

show higher adsorption capacities for ROX and p-ASA than As(V)
although one of the hydroxy group has been replaced by aromatic
unit, suggesting that another adsorption mechanism may occur
between MIL-101(Fe) and the substitutional aromatic units. For
the adsorption of aromatic organoarsenicals in MOFs according
to previous study, hydrogen bonding is considered as an important
adsorption mechanism because introducing ANH2 in the ligand of
MOFs can significantly enhance the adsorption capacity [31,60]. In
order to confirm the existence of hydrogen bonding, the FTIR anal-
ysis of ROX and p-ASA were operated. As shown in Fig.S3, obvious
peaks located at 3263 cm�1 in ROX and 3419 cm�1 in p-ASA are
assigned to the AOH and ANH2 groups, respectively. After adsorp-
tion (Fig. 7), no peak presented in 3263 cm�1 in the ROX loaded
adsorbent, meanwhile the peak belonged to ANH2 shifted to
3362 cm�1 in the p-ASA loaded adsorbent, indicating that the
AOH and ANH2 groups are involved in the adsorption. The FTIR
results show that the strong FeAOAAs coordination leads to the
generation of free ACOOH through the ligand exchange. These car-
bonyl groups may form hydrogen bonds with the ANH2

(C@O� � �HAN) in p-ASA and the AOH (C@O� � �HAO) in ROX, the
hydroxyl groups also interact with ANH2 in p-ASA by forming
hydrogen bonds (OAH� � �N and O� � �HAN) [60]. Considering by this,



Fig. 7. FT-IR spectra of (a) pristine MIL-101(Fe) and after adsorption of (b) As(V), (c)
ROX, (d) p-ASA and (e) DMA.
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the decreasing adsorption capacity of p-ASA when pH less than 3
(Fig. 5(b)) could be interpreted as the situation whereANH2 groups
are gradually protonated at very low pH to form ANH3

+ groups,
according to the pKa value of p-ASA (Fig. S2), which make p-ASA
harder to form hydrogen bond with MIL-101(Fe) [27]. Moreover,
the ANO2 groups in p-ASA may enhance the hydrogen bonding.
Xie et al. found that the high adsorption capacity of nitrobenzene
in MIL-68-Al is attributed to the bonding between lAOH in MOFs
and the ANO2 in nitrobenzene [82]. Another case about hydrogen-
bonding based adsorption suggests that the much higher adsorp-
tion capacity of 4-nitrophenol (82.22 mg g�1) than that of phenol
(8.79 mg g�1) is attributed to the strong electron withdrawing abil-
ity of ANO2 groups that can reduce the overall electron density of
aromatic units, and made 4-nitrophenol easier to form donor–ac-
ceptor complex with the ethylenediamine rosin-based resin than
other phenol [83]. Such synergistic effect of ANO2 and AOH in
ROX may results in stronger hydrogen bond formation ability,
which leads to relatively higher adsorption affinity and capacity
of ROX onto MIL-101(Fe) than p-ASA.

In addition, previous results suggested that p-p stacking inter-
action play an important role in the adsorption of pollutants con-
taining aromatic rings in MOFs [84–86]. Therefore, p-p stacking
interaction, including face-to-face of face-to-edge orientations
[87], is considered as another possible adsorption mechanism
resulting in the higher adsorption capacities of aromatic
organoarsenicals than As(V) due to the presence of benzene ring
in the structure of aromatic organoarsenicals and the organic
ligands of MIL-101(Fe). The p-p stacking interaction was evidenced
with the high-resolution C 1 s XPS spectra shown in Fig. 6(c). For
the pristine MIL-101(Fe), four peaks observed at 284.61, 285.31,
288.58 and 290.63 eV are assigned to the CAC/H, CAO, C@O and
OAC@O groups in the organic ligands. After adsorption of ROX
and p-ASA, the peak of MIL-101(Fe) located at 290.63 eV blue shift
to 291.48 eV and 291.68 eV, respectively, which could be attribu-
ted to the generation of p-p component that appeared at
291.2 eV [88].

Based on aforementioned results and discussion, the main
adsorption mechanism for arsenic species onto MIL-101(Fe)
involves the following aspects and detailed in Scheme 1: (1)
FeAOAAs coordination occurred between the hydroxyl groups in
arsenic and coordinatively unsaturated sites in MIL-101(Fe), which
is the predominant adsorption mechanism for As(V), ROX, p-ASA
and DMA; (2) Hydrogen bonding interaction between the free
ACOOH and the substituent groups in benzene ring in ROX as well
as p-ASA; (3) p-p stacking interaction between the aromatic units
in ROX or ASA with BDC ligands in MIL-101(Fe).
In summary, MIL-101(Fe) presents excellent adsorption perfor-
mance for arsenate benefiting by the strong FeAOAAs coordina-
tion, demonstrating the key role of central metal irons of MOFs
in arsenic adsorption, which should be taken into consideration
when apply MOFs for arsenic removal. Coordination, hydrogen
bonding and p-p stacking interaction synergistically endow MIL-
101(Fe) excellent adsorption capacities for ROX and p-ASA. How-
ever, the adsorption affinities for organoarsenicals are inhibited
due to the steric hindrance from substituent groups, resulting in
insufficient rate of adsorption comparing with As(V).

3.6. Stability and reusability of MIL-101(Fe)

As MIL-101(Fe) presents best adsorption performance for As(V),
the stability and reusability of As(V) loaded adsorbent was investi-
gated to evaluate the possible sustainable application of MIL-101
(Fe). The SEM image after adsorption of As(V) is shown in Fig. 8(a).
MIL-101(Fe) remains the uniform octahedral structure morphology
after adsorption, some arsenate species occupied the edges on
MIL-101(Fe) and formed iron arsenate precipitation on the surface
of MIL-101(Fe), resulting in the rough surface. Comparing with the
pristineMIL-101(Fe), the structure was not changemuch, confirming
the stability of MIL-101(Fe) after arsenic adsorption. However, the
XRD pattern of MIL-101(Fe) after adsorption of As(V) shown in
Fig. 8(b), almost all diffraction peaks disappear except the major
peak at 2h = 9�, indicating the reduced crystalline of MIL-101(Fe)
during the adsorption. Previous study suggested that the strong
diffraction peaks at low angles belong to the long-range order of uni-
form channels in the frameworks of MOFs. In this case, when arsen-
ate diffuse into the channels, the strong FeAOAAs coordination may
affect the inherent coordination between Fe clusters and BDC linkers,
which may result in the partly broken of the long-range order of the
framework and the reduced crystalline of MIL-101(Fe).

In order to investigate the reusability of MIL-101(Fe), several
elution reagents including NaCl, HCl and NaOH were used to
explore the elution experiment. As shown in Fig. 9(a), 2 M NaCl
presents less than 2% elution efficiency, indicating that the adsorp-
tion of As(V) onto MIL-101(Fe) in neither though simple surface
adsorption nor by forming outer-sphere complexes. When
10 mM HCl was used as elution reagent, only 30.34% elution effi-
ciency can be observed, which is inconsistent with other reported
Fe-based MOFs including MIL-100(Fe) and Fe/Mg-MIL-88(B)
[34,69]. Combining with the result that the adsorption is stable
even at pH = 3, we speculate that the MIL-101(Fe) can be used to
immobilize arsenic. Thus, TCLP extraction procedure was further
operated to predict the release of arsenic from MIL-101(Fe) [40].
As shown in Fig. 9(a), the TCLP leaching concentration of sample
loaded 40 mg g�1 As(V) was only 3.8 mg L�1 (equal to 0.19% of elu-
tion efficiency), which did not exceed the maximum allowable
leaching concentration of arsenic (5 mg g�1) [89], implying the
good immobilization of arsenic in MIL-101(Fe). Reliable elution
efficiency (80.21%) can be observed when using 5 mM NaOH as
elution reagent, the XRD pattern of sample after elution (green
line) match well with the As(V) loaded sample (rad line), indicating
that the loaded AsO4

3� can be partly exchanged by AOH at certain
concentration. Although all of the adsorbed As(V) can be eluted
when the concentration of used NaOH was increased to 10 mM,
the diffraction peaks of eluted sample (Fig. 6, blue line) completely
disappear, it may due to the dissolve of acid organic linker and the
subsequently decomposing framework structure [28].

As shown in Fig. 9(b), the samples eluted by 5 mM NaOH can
only give 60% adsorption efficiency for As(V) after repeating for
three times, implying that the reusability of MIL-101(Fe) are signif-
icantly affected by its disordered framework structure after arsenic
adsorption. As discussed above, although the strong interaction
between MIL-101(Fe) and arsenic results in the excellent adsorp-



Scheme 1. Adsorption mechanisms of arsenic species on MIL-101(Fe). Fe3 nodes, carbon, oxygen, arsenic and nitrogen atoms are shown in green, black, rad, gray and blue,
respectively.
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tion performance, the stability and reusability still significant chal-
lenges for designing Fe-based MOFs for arsenic removal.

4. Conclusions

In conclusion, Fe-based metal-organic framework MIL-101
(Fe) synthesized via a facile solvothermal method was firstly
applied for the adsorption of arsenic species, and the effect
of chemical structure of arsenate was emphasized on. Kinetic
and isotherm studies showed that MIL-101(Fe) can adsorb As
(V), ROX, p-ASA and DMA with excellent adsorption rate and
capacities. Adsorption mechanism based on FTIR and XPS
results suggested that the FeAOAAs coordination between arse-
nate and the incomplete-coordinated cationic Fe in the cluster
is the primary adsorption mechanism for all the arsenic spe-
cies. Substituent aromatic units in ROX and p-ASA strengthen
the adsorption on MIL-101(Fe) through hydrogen bonds and
p-p stacking interaction, resulting in higher adsorption capaci-
ties far beyond that of As(V) and DMA. The deep explanation
of the role of arsenic chemical structural on adsorption on
MIL-101(Fe) is still highly desired by X-ray Absorption Fine
Structure analysis. However, the strong FeAOAAs coordination
limits the reusability of MIL-101(Fe). Overall, this study con-
firms the potential value of MIL-101(Fe) as remarkable adsor-
bent to control the aqueous arsenic contamination. Arsenic
speciation has significant impact on adsorption, which should
be taken in consideration when apply adsorbents in arsenic
removal.
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