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Organic arsenic compounds in the environment are a global threat to human

health. This threat has created the urgency to develop highly efficient adsor-

bents with both high adsorption capacity and versatile removal of different

arsenic compounds. A novel 1D zinc(II) coordination polymer, formulated as

Zn2(datrz)2(bpy)Cl2 (BUC-70) (datrz = guanazole, bpy = 4,40-bipyridine), was
successfully synthesized through slow evaporation at room temperature. BUC-

70 exhibited an excellent adsorption capacity toward p-arsanilic acid (p-ASA)

and roxarsone (ROX) in water, which could be ascribed to As–O–Zn bonding

interactions and strong hydrogen-bonding interactions between the organic

arsenics and BUC-70. The maximum adsorption capacities toward p-ASA and

ROX were 738 and 937 mg�g−1, respectively. BUC-70 was effective in the

removal of p-ASA and ROX at low concentrations (<5 mg�l−1) from the simu-

lated p-ASA and ROX wastewater. Furthermore, the as-synthesized BUC-70

exhibited good adsorption property toward p-ASA and ROX in wastewater sim-

ulated by lake water and tap water. After adsorptive treatment using BUC-70,

the concentrations of both p-ASA and ROX were lower than the required con-

centrations of the drinking water standard of the World Health Organization

and the surface water standard of China. Continuous-flow, fixed-bed column

experiments were performed using BUC-70 loaded on cotton as packing mate-

rial to explore the potential large-scale application.
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1 | INTRODUCTION

Arsenic is one of the most toxic contaminants, which
might lead to many human diseases such as cancers,
DNA hypomethylation, and arsenicosis.[1] Arsenic pol-
lution mainly results from the discharge of industrial

production, agricultural production, natural volcanic
eruption, and some natural phenomena.[2] In most
arsenic-contaminated groundwater, arsenic concentra-
tions range from 0.5 to 2.5 mg�l−1.[3, 4] In some indus-
trial wastewater, it can reach more than 100 mg�l−1.[3]
Till now, the inorganic trivalent arsenic (As(III)) and
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pentavalent arsenic (As(V)) pollutants have been
widely studied.[5–7] However, increasing attention
should be paid to the organic arsenic pollutants. p-
Arsanilic acid (p-ASA) and roxarsone (ROX) are com-
mon organic arsenic compounds widely used as feed
additives to control the intestinal parasites in domestic
animals.[4, 8, 9] However, p-ASA and ROX are often
discharged into the environment along with animal
faeces.[10, 11] Generally, p-ASA and ROX are deemed
as low-toxic compounds.[10, 11] However, they can be
biologically transformed into virulent As(III) and
As(V) in the environment,[10, 11] implying their poten-
tial threat to the ecological environment and human
health. Traditional purification methods and technolo-
gies of organic arsenics mainly include coagulation/
precipitation, adsorption, ion exchange, membrane sep-
aration, and chemical precipitation.[11, 12] Among these
methods, adsorption is one of the most promising
methods because of its high efficiency, low cost, and
simple operation.[12, 13] However, traditional adsorbents
such as activated carbons, goethite, carbon nanotubes,
and iron and aluminum oxides[2, 7, 11, 12] did not pos-
sess the adequate adsorption capacity. Therefore, it is
of great significance to synthesize new adsorbents with
high efficiency and high adsorption capacity for remov-
ing organic arsenics from the environment.

Coordination polymers (CPs) and metal–organic
frameworks (MOFs), new classes of crystalline porous
materials, have been widely used in adsorption,[14, 15]

separation,[16] drug delivery[17, 18] and catalysis,[19–21] gas
storage,[22] and fluorescent sensors.[23–25] CPs as adsor-
bents had attracted great interest because of their advan-
tages, exceeding traditional zeolite materials, such as
huge surface area, high specificity, and adsorption capac-
ity as well as the ease of fabrication.[22, 26] So far, many
attempts have been made to use CPs as efficient adsor-
bents to eliminate As(III) and As(V) from the environ-
ment.[12, 13, 27, 28] However, less attention has been paid
to the adsorptive removal of p-ASA and ROX.[12, 29]

Therefore, it is essential to study CPs as adsorbents to
remove p-ASA and ROX from the environment.

As previously reported, the adsorption capacities of
organic arsenics by CPs mainly depended on electrostatic
interactions, coordination bonding interactions, π–π*
stacking, and hydrogen-bonding interactions.[12, 13, 30]

The amine group in p-ASA can be an important factor in
enhancing the adsorptive affinity through strengthening
the coordination bonds, π–π* stacking, and forming new
adsorption sites through hydrogen-bonding synergistic
adsorption effect.[29] Therefore, designing an MOF con-
taining amine groups may be an ideal strategy for the
efficient removal of organic arsenic pollutants at low con-
centrations.[31] As the content of organic arsenics in real

organic arsenic wastewater is relatively low
(<5 mg�l−1),[29] it is important to synthesize a new adsor-
bent for removing organic arsenic at low concentrations.
Guanazole, namely 3,5-diamino-1,2,4-triazole (Hdatrz),
exhibits five potential coordination sites, which can
bridge metal ions in different coordination modes. To
date, some CPs (or MOFs) synthesized using guanazole
with different topological structures have been reported,
such as [Zn2(btc)(datrz)]n,

[32] [Zn2(btec)(Hdatrz)]n,
[32]

and [Cd3(datrz)6(H2O)2].
[33] In this work, guanazole was

used as an organic ligand to synthesize a new 1D zinc
CP, Zn2(datrz)2(bpy)Cl2 (BUC-70), for the efficient
removal of p-ASA and ROX. BUC-70 not only exhibited
excellent adsorption capacity for p-ASA and ROX but
also presented the efficient removal of trace p-ASA and
ROX (0.5 mg�l−1).

2 | EXPERIMENTAL

2.1 | Synthesis

Zn(NO3)2�6H2O (1.0 mmol, 0.2975 g), Hdatrz (1.0 mmol,
0.0991 g), and 4,40-bipyridine (bpy, 1.0 mmol, 0.1562 g)
were dissolved in deionized water (500.0 ml), which was
slowly vaporized at room temperature for 30 days. The
yellow crystals of BUC-70 were obtained (yield 60%)
using Zn(NO3)2�6H2O and then washed with deionized
water and ethanol. BUC-70 was quickly synthesized by
mixing Zn(NO3)2�6H2O (10 mmol, 2.9750 g), Hdatrz
(10 mmol, 0.9910 g), bpy (1 mmol, 1.5620 g), and
deionized water (400 ml); then the solution was stirred in
a 500-ml glass beaker for 40 min. Anal. calc. for BUC-70
(C14H16Cl2N12Zn2): C, 30.32%; H, 2.89%; N, 30.32%.
Found: C, 30.36%; H, 2.98%; N, 30.20%. IR (KBr) cm−1:
3432, 3347, 3193, 3090, 1622, 1606, 1560, 1531, 1490,
1414, 1394, 1321, 1284, 1220, 1140, 1108, 1067, 1011,
972, 843, 816, 768, 728, 677, 639, 625, 612, 557, 483.

2.2 | Synthesis of BUC-70@cotton

BUC-70@cotton was fabricated using the fast synthesis
method except for the addition of 2.0 g of cotton fibers.
BUC-70@cotton was washed with deionized water to
remove the loose-bound BUC-70 and dried in a vacuum
oven at 333 K for 12 h. The BUC-70 content of BUC-
70@cotton was calculated as 0.2 g�g−1 using the mass
increase of the cotton after the load process.

2.3 | Adsorption experiments

For the adsorption kinetics and thermodynamics experi-
ment, 200.0 ml of organic arsenic solutions with different
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concentrations ranging from 10 to 300 mg�l−1 (pH = 7 for
p-ASA and pH = 5 for ROX) and 40 mg of BUC-70 were
mixed in a conical flask and constantly shaken (170 rpm)
for 48 h. Then the solutions were filtered through a
0.20-μm filter, and the residual organic arsenic concen-
trations of the filtrates were determined using an ICP-500
inductively coupled plasma optical emission spectrometer
(Focused Photonics Inc., Hangzhou, China). To investi-
gate the influence of coexisting inorganic ions, the
adsorption experiments were performed using simulated
wastewater containing organic arsenics (p-ASA and
ROX) with an initial concentration of 30 mg�l−1. The
three-dimension excitation emission matrix (3D EEM)
fluorescence spectra of lake water and tap water were
recorded using a Hitachi F-7000 and Techcomp FL970
spectrophotometer at room temperature.

2.4 | Breakthrough experiments

Breakthrough experiments were conducted using a glass
column, in which a desired amount of BUC-70@cotton
sample (2 g, containing about 0.2 g of BUC-70) was
packed into the column. Then, the p-ASA or ROX

solution (1 mg�l−1) was pumped through the column top-
down at a flow rate of 2 ml�min−1.

3 | RESULTS AND DISCUSSIONS

3.1 | Crystal structure description

The asymmetric unit of 1D BUC-70 was formed using
two cationic Zn2+ ions, two bpy ligands, two datrz
ligands, and two chloridions. As shown in Figure 1a, the
datrz ligand adopted the bidentate-bridging mode to link
two zinc atoms. The Zn2+ atoms were tetrahedrally coor-
dinated by two nitrogen atoms from one datrz ligand,
one nitrogen atom from bpy ligand, and one chloridion.
The Zn–N distance was in the range of 1.966(3)–2.081
(3) Å, and Zn–Cl distance was 2.2242(12) Å, which were
comparable to previous reports.[34, 35] In BUC-70, the Zn2
+ centers were coordinated by datrz ligands through the
bidentate mode into a 1D zig-zag chain (Figure 1b) paral-
lel to the ab plane. In addition, in BUC-70, the consecu-
tive dimers were connected by an elaborate network of
hydrogen bonds (N4-H4B���N3 and N5-H5B���N3). The
1D chains of BUC-70 were perpendicular to each other

FIGURE 1 (a) Highlight of the coordination polyhedron of the Zn(II) atoms; (b) the 1D chains of BUC-70; and (c) the packing view of

the 3D supramolecular structure of BUC-70 with the aid of hydrogen-bonding interactions
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in the ab plane, extending toward the c-axis to form a 3D
supramolecular structure (Figure 1c). In the structure of
BUC-70, the carbon atoms (C3, C4, C6, and C7) and their
corresponding hydrogen atoms in bpy ligands are disor-
dered in two positions, with a site-occupancy factor ratio
of 0.58/0.42.

3.2 | Characterization

The experimental powder X-ray diffraction (PXRD) pat-
terns of BUC-70 (Figure S1) matched well with the simu-
lated one, implying the high water stability and phase
purity of the sample.[36] The Fourier-transform infrared
(FT-IR) spectra of BUC-70 are shown in Figure S2; the
broad absorption peak at 3193 cm−1 can be assigned to
υs(N–H)NH,NH2, the absorption peak at 3347 cm−1 was asso-
ciated with υas(N–H)NH,NH2 of the guanazole ligand, and
the absorption peak at 3432 cm−1 was associated with
υ(N–H)NH,NH2 and υ(O–H)H2O. Besides these, a medium-to-
strong band in the range of 1615–1680 cm−1 and a
medium band in the range of 1400–1490 cm−1 were
observed; both of them were associated with υ (ZnN) or
ring stretching vibrations and δ(N–H)NH,NH2 of the
guanazole ligand.[37] The strong bands at 1011, 1067,
1108, and 1145 cm−1 were attributed to the bending
vibration of the hydroxyl group bound to zinc atoms (Zn–
OH).[38] The thermal stability of BUC-70 was tested using
thermogravimetric analysis from 323 K to 1073 K under
air flow. As shown in Figure S3 and Table S4, the thermal
decomposition process of the as-synthesized BUC-70 can
be divided into three stages. The initial weight loss of
27.43% (calculated 28.16%) at ~630 K can be attributed to
the removal of 4,40-bipyridine. The second weight loss of
34.72% (calculated 35.37%) in the range began at 712 K,
corresponding to the removal of two L ligands. The third
decomposition process began at 823 K, in which the
weight loss of 10.00% can be associated with the removal

of two chlorine atoms (calculated 12.80%). The final resi-
due of 28.03% (calculated 29.37%) after 1073 K was attrib-
uted to the formation of ZnO, in which Zn was 23.59%,
which was in good agreement with the Zn content in
Zn2(datrz)(bpy)Cl2 (calculated 23.60%). Furthermore,
PXRD of the residue of BUC-70 is shown in Figure S4,
confirming that the final residue was ZnO
(PDF#04-001-7297). Based on the scanning electron
microscope (SEM) observations (Figure S5), the pure
BUC-70 exhibited stacked cube morphology with the
lamellar laminated structures, and the lamellar shape
crystal size was ~2.1 μm × 2.3 μm with a thickness
~0.5 μm. The specific surface areas and porosity of BUC-
70 were analyzed using N2 gas adsorption/desorption iso-
therms (Figure S6). The Brunauer–Emmett–Teller sur-
face areas of the prepared BUC-70 were 8.76 m2�g−1, and
the mesopore volume was 0.02 cm3�g−1 (BJH, Barrett-
Joyner-Halenda).[39]

3.3 | Effect of pH

It is well known that the pH value of the solution is one
of the key operating factors in practical water treat-
ment.[40] The crystallinity of BUC-70 was stable in aque-
ous solution with a wide pH range from 5 to 11, which
can be affirmed by PXRD results (Figure S1). To evaluate
the effects of pH on the adsorptive removal of p-ASA and
ROX over BUC-70, a series of experiments were per-
formed at pH range from 5.0 to 11.0 (Figure 2). It was
found that the adsorption performances of p-ASA
increased with the increase in pH up to 7.0 and then
decreased significantly, whereas the adsorption capacities
of ROX decreased rapidly with pH (Figure 2a), which can
be ascribed to the negative zeta potentials of BUC-70 in
the pH range of 5.0–11.0. As shown in Figure 2b, the sur-
face charge of BUC-70 was negative at pH range from 5.0
to 11.0, and the pKa of p-ASA and ROX was 1.9, 4.1, 9.2
and 3.43, 6.38, 9.67, respectively (Figure S7).[29, 41]

FIGURE 2 (a) Effect of pH on p-ASA and ROX adsorption by BUC-70 and (b) zeta potential of BUC-70 at different pH
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Meanwhile, the maximum adsorption capacity was still
at a high level in a wide pH range (Figure 2). Therefore,
electrostatic interactions are not responsible for its
adsorption activities.[41]

3.4 | Kinetic study

The time-dependent adsorption profiles of p-ASA and
ROX onto BUC-70 are shown in Figure 3. It could be
found that the adsorption equilibrium time of p-ASA and

ROX onto BUC-70 was ~5 h and ~3 h, respectively,
which were similar to other MOF-based adsorbents such
as MIL-68(In) (~6 h)[42] and MIL-101-(OH)3 (6~12 h).[30]

The corresponding experiments were performed for 48 h
to ensure that equilibrium was reached.

As shown in Figure 4, adsorption kinetics data were
obtained using pseudo-first-order and pseudo-second-
order models (equations S2 and S3). Kinetic parameters
and correlation coefficients are shown in Tables S5 and
S6. The high correlation coefficient R2 values (≥0.99) of
the pseudo-second-order kinetic model indicated that

FIGURE 3 Effects of contact time on the adsorption capacity of (a) p-ASA and (b) ROX by BUC-70

F IGURE 4 Adsorption kinetics of BUC-70 for (a) p-ASA and (b) ROX
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adsorption behaviors of p-ASA and ROX onto BUC-70
were more appropriately described by the pseudo-second-
order model.[43] In addition, the calculated qe values
(734.73 and 843.20 mg�g−1, respectively) of p-ASA and
ROX were consistent with the experimental values
(728.02 and 841.72 mg�g−1, respectively) and confirmed
that p-ASA and ROX adsorption over BUC-70 followed
the pseudo-second-order kinetic model,[44] indicating
that the adsorption process may be a chemisorption
process.[45]

3.5 | Adsorption isotherms

The maximum adsorption capacity (qm) was one of the
most vital parameters to assess the adsorption perfor-
mance of an adsorbent.[44] To obtain the qm values of
BUC-70 for p-ASA and ROX, the adsorption isotherms
procedures over BUC-70 were carried out using a series
of concentrations of p-ASA or ROX ranging from 10 to
300 mg�l−1 for 48 h. The adsorption isotherms of BUC-70
for p-ASA and ROX (288 K, 298 K, and 308 K) are shown
in Figure 5.

To understand the interactive behavior between
BUC-70 and organic arsenic compounds (p-ASA and
ROX), Langmuir and Freundlich models (equations S4
and S5, ESI) were used to analyze the obtained adsorp-
tion isotherms (Figure 6). All the R2 values of the Lang-
muir model were >0.99, being much better than those of
the Freundlich model. These results indicated that
adsorption of p-ASA and ROX onto BUC-70 was consis-
tent with the Langmuir model.[43, 44] The maximum
adsorption capacities (qm) calculated using Langmuir
plots are shown in Tables S7 and S8. The maximum
adsorption capacities of p-ASA and ROX by BUC-70 were
738 and 937 mg�g−1, respectively, which were substan-
tially larger than most of the reported MOF-based
adsorbents (Table 1). As far as we know, the qm value of

BUC-70 for ROX is the highest among the previously
reported values.[12, 44] Therefore, BUC-70 may be com-
petitive adsorbents for the practical removal of p-ASA
and ROX.

To calculate the standard free energy change (ΔG�,
kJ�mol−1), enthalpy change (ΔH, kJ�mol−1), and entropy
change (ΔS, J�mol−1�K−1), the adsorption was further
determined to obtain isotherms at 288 K, 298 K, and
308 K. The thermodynamic parameters are shown in
Tables S9 and S10. The negative values for ΔG� (from
−26 to −32 kJ�mol−1) indicated that the adsorption pro-
cess may be controlled by both physical and chemical
sorption.[34] The positive values of ΔH� (17.74 and
81.73 kJ�mol−1 for p-ASA and ROX, respectively) con-
firmed that the adsorption process was endothermic
under ambient conditions.[15] The positive values of ΔS�

(18.56 and 128.53 J�mol−1�K−1 for p-ASA and ROX,
respectively) indicated the increased randomness at the
solid solution and the affinity of p-ASA and ROX onto
BUC-70.[48]

3.6 | Adsorption behavior of BUC-70
toward low concentration of simulated
organic arsenic wastewater samples

The adsorption capacity of BUC-70 at low organic arsenic
concentration is crucial for the practical treatment of
drinking water[4]; 0.5 mg�l−1 (p-ASA and ROX) was
selected as the experimental concentration. As shown in
Figure 7a,b, the organic arsenic concentration decreased
to 1.10 μg�l−1 (p-ASA) and 4.76 μg�l−1 (ROX) just in 5 min
(0.2 g�l−1 of BUC-70), which was much lower than the
World Health Organization standard for drinking water
(10 μg�l−1).[29] To investigate the effect of the coexisting
ions on the adsorption capacities of BUC-70 for p-ASA
and ROX, F−, NO3

−, SO4
2−, and PO4

3− with
Cinitial = 0.02 M were selected as foreign ions.[41, 43] As

FIGURE 5 Adsorption isotherms of BUC-70 for (a) p-ASA and (b) ROX
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TABLE 1 Comparison of p-ASA and ROX elimination from simulated wastewater using different metal–organic framework

(MOF)-based adsorbents

Arsenic
species

MOF-based
materials

Adsorption capacity
(mg�g−1) Removal mechanisms References

p-ASA Mesoporous ZIF-8 791.1 Complexation 46

p-ASA MOF-808(F) 621.1 Electrostatic, hydrogen bonding, π–π*
stacking

44

p-ASA UiO-67 484 Complexation, hydrogen bonding, π–π*
stacking

29

p-ASA NH2-MIL-68(In) 401.6 π–π* stacking, hydrogen bonding 42

p-ASA MIL-100(Fe) 366.0 Complexation 47

p-ASA MIL-101(OH)3 238.0 Hydrogen bonding, electrostatic interaction 30

p-ASA UiO-67-NH2 178 Complexation, hydrogen bonding, π–π*
stacking

29

p-ASA MIL-101(OH) 163.0 Hydrogen bonding, electrostatic interaction 30

p-ASA BUC-70 738 Complexation (coordination), hydrogen
bonding

This work

ROX UiO-66-20 730.0 Complexation 43

ROX MOF-808(F) 709.2 – 44

ROX MIL-100(Fe) 387.0 Complexation 47

ROX BUC-70 937 Complexation, hydrogen bonding This work

FIGURE 6 (a) Langmuir and (b) Freundlich models of p-ASA onto BUC-70, (c) Langmuir and (d) Freundlich models of ROX onto

BUC-70
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shown in Figure 7c,d, F−, NO3
−, and SO4

2− exerted a neg-
ligible effect on the adsorption capacity of BUC-70 for p-
ASA and ROX, whereas PO4

3− strongly inhibited the
adsorption behavior of BUC-70. As reported previously,
phosphate and arsenate are chemically similar, which
can form inner-sphere complexes with the hydroxyl
groups on the surface of the adsorbent.[49–51] The pres-
ence of PO4

3− greatly weakened the adsorption capacity

of BUC-70for p-ASA and ROX, which might be attributed
to the competition between PO4

3− and organoarsenic.[41]

To further investigate the influence of the coexisting inor-
ganic ions and dissolved organic matter (DOM), a series
of aqueous p-ASA and ROX solutions prepared using tap
water and lake water were tested.[29, 41] The parameters
of water quality and the 3D EEM fluorescence spectrum
are shown in Table S12 and Figure 8, respectively.

FIGURE 7 (a) The relationship between the concentration of p-ASA and adsorption time (0.5 mg�l−1, 298 K); (b) the relationship
between the concentration of ROX and adsorption time (0.5 mg�l−1, 298 K); (c) effect of coexisting ions on p-ASA adsorption; and (d) effect

of coexisting ions on ROX adsorption

FIGURE 8 The three-dimension excitation emission matrix fluorescence spectrum of (a) tap water samples and (b) lake water samples
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According to the 3D EEM fluorescence spectrum of real
water samples, DOM in tap water and lake water shows
peaks at A, C, and T, respectively, indicating that the
major fluorescent components of DOM in tap water and
lake water are UV humic-like, Visible humic-like, and
protein-like tryptophan, respectively.[52, 53] The results
revealed that the adsorption capacity of BUC-70 for p-
ASA and ROX was slightly inhibited in the simulated
wastewater (Figure 7a,b), which may be attributed to the
influences from the coexisting inorganic ions and
DOM.[41] However, the elimination efficiency was still
94% within 60 min, indicating the great prospects for the
application of BUC-70 for p-ASA and ROX adsorption in
natural water.

The SEM (Figure 9a,b) and elemental mapping
(Figures S8 and S9) of cotton and BUC70@cotton indi-
cated that BUC-70 was the successful load on the surface
of cotton, which is similar to the previous reports.[54–56]

After BUC-70 was loaded onto cotton, new peaks
appeared at 1400–1490 and 1615–1680 cm−1 (Figure S10),
which corresponded to υ (ZnN) or ring stretching vibra-
tions and δ(N–H)NH,NH2 of the guanazole ligand.[37] This
confirmed the interaction between BUC-70 and
cotton.[54–56] As shown in Figure S11, pristine cotton
could not remove organic arsenics from water, whereas

with BUC-70 particles embedded onto the cotton matrix,
the adsorption capacity increased dramatically, indicating
the removal of organic arsenics primarily by the sorption
of BUC-70.[55]

The breakthrough curves of p-ASA and ROX over
BUC-70@cotton are shown in Figure 9c,d. The results
indicate that the residual concentration maintained a sat-
isfactory level in the effluent (Ct < 30 μg�l−1) for a long
time (980 min for p-ASA and 2100 min for ROX), indicat-
ing BUC-70@cotton might be a promising adsorption
material for large-scale application.[47] Notably, the
adsorption capacity of BUC-70@cotton was almost
exhausted after 90 h of continuous inflow of ROX
solution.

3.7 | Mechanism of p-ASA and ROX
adsorption on BUC-70

Generally, electrostatic interactions, hydrogen bonding,
π–π* stacking, coordination, and hydrophobic interac-
tions were used to explain the liquid-phase adsorption
mechanism of organic compounds over CPs.[30, 57, 58]

To obtain an insight into adsorption mechanism, PXRD,
FT-IR, SEM, elemental mapping, and X-ray

FIGURE 9 (a) Scanning electron microscope (SEM) image of cotton; (b) SEM image of BUC-70 crystals grown inside cotton fibers;

(c) breakthrough curves of ROX over BUC-70@cotton (Ce is the concentration of p-ASA in the effluent at time); and (d) breakthrough

curves of p-ASA over BUC-70@cotton (Ce is the concentration of ROX in the effluent at time)
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Photoelectron Spectroscopy (XPS) were used to analyze
the composition, morphology, and microstructure of
BUC-70 for p-ASA and ROX adsorption. The PXRD of
BUC-70 before and after adsorption of p-ASA and ROX
are shown in Figure S12; several new peaks appeared
after the adsorption process, implying that some new
phase may come into being.[40] The PXRD pattern
peaks of the final products matched with those of
(Zn3(AsO4)2)3(H2O)4 (PDF#97-005-9279), implying the
formation of (Zn3(AsO4)2)3(H2O)4.

[59] The SEM observa-
tions (Figure S5) also indicated that the morphology of
BUC-70 exhibited a slight change after the adsorption
process, which was consistent with the PXRD results
(Figure S12). The FT-IR spectra of BUC-70 before and
after the test are shown in Figure S2. After the adsorp-
tion test, the intense adsorption peaks of the as-
synthesized BUC-70 at 3432 and 3347 cm−1 (–NH2 and
–OH)[60, 61] became a broad peak (3354 and 3405 cm−1

for p-ASA and ROX, respectively), which might be
attributed to the formation of abundant surface active
sites, such as Zn–OH and N–H, produced by the disso-
ciative adsorption of water.[61] As the previous reports
indicate, the new bands at 897, 850, and 781 cm−1

(BUC-70 after adsorbing p-ASA) and 897, 851, and
781 cm−1 (BUC-70 after adsorbing ROX) might be
attributed to the formation of Zn–O–As bonds.[62–64]

The small peak at 656 cm−1 (after adsorption of p-ASA
and ROX) might be attributed to the asymmetric
stretching of As–OH.[65] The elemental mapping results
(Figure 10) confirmed the presence of arsenic on BUC-
70 after the adsorption test.

XPS was conducted to study the exchange of arsenic
species on the surface of BUC-70 (Figure 11). As shown
in Figure 11a, a new As3d core level peak appeared in
the wide-scan XPS spectra of BUC-70 after p-ASA and

ROX adsorption, indicating the immobilization of p-
ASA and ROX on BUC-70.[7] As shown in Figure 11b,
there were almost no π–π* stacking peaks on the C1s
spectra of BUC-70 before and after adsorption of p-ASA
and ROX, indicating that π–π* stacking was not the
dominant force for the adsorption process.[29] The O1s
spectra (Figure 11c) of pristine BUC-70 consisted of
two peaks at 532.47 and 531.19 eV, which were
assigned to H2O and Zn–OH bonds.[41, 61, 66] Compared
with the spectra of virgin BUC-70, new peaks at
530.66 eV (BUC-70 after adsorbing p-ASA) and
530.96 eV (BUC-70 after adsorbing ROX) verify the for-
mation of the Zn–O–As bond.[61, 67] Therefore, the first
likely adsorption sites on BUC-70 were the Zn–OH
groups, which provided four Zn–OH groups in a unit
Zn2 cluster to attract a maximum of four equivalent
organic arsenic species.55

It is obvious that BUC-70 and organic arsenics (p-
ASA and ROX) had obvious ample H-donor and H-
acceptor moieties, such as –NH2 and –OH.[29, 41] Thus,
hydrogen bonding might be a possible contribution to
adsorption.[30, 44, 61] As shown in Figure 11d, after
adsorption of p-ASA and ROX, hydrogen-bonded –NH2

groups appeared on the N1s spectra of BUC-70, indi-
cating that hydrogen bonding between BUC-70 and
organic arsenics (p-ASA and ROX) also played an
important role in the adsorption process.[29] As shown
in Figure 2, with the increase in pH, the maximum
adsorption capacity gradually decreased, which might
be due to the highly negative charge on the surface of
BUC-70 preventing the interaction (coordination) with
the negative adsorbate.[30] In conclusion, hydrogen-
bonding and coordination interactions (Zn–O–As)
enabled BUC-70 to exhibit superior adsorption abilities
to p-ASA and ROX (Figure 12).

FIGURE 10 Elemental mapping of BUC-70 before and after adsorption of p-ASA and ROX
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In summary, a new water-stable CP (BUC-70) with out-
standing adsorption property was designed, synthesized,

and used for the efficient removal of p-ASA and ROX.
The adsorption kinetics of p-ASA and ROX over BUC-70
satisfied the pseudo-second-order kinetic model, and the
adsorption isotherms followed the Langmuir model.

FIGURE 11 Wide-scan XPS spectra of (a) BUC-70 before and after adsorption of p-ASA and ROX; (b) C1s XPS spectra of BUC-70
before and after adsorption of p-ASA and ROX; (c) O1s XPS spectra of BUC-70 before and after adsorption of p-ASA and ROX; and (d) N1s

XPS spectra of BUC-70 before and after adsorption of p-ASA and ROX

FIGURE 12 Mechanism of p-ASA

and ROX adsorption on BUC-70
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BUC-70 performed well in the adsorption of p-ASA and
ROX in simulated wastewater (arranged by natural
water) with various coexisting ions and DOM. BUC-70
exhibited a high removal capacity for p-ASA and ROX
from the simulated organic arsenic wastewater at
low concentrations (0.5 mg�l−1). Although BUC-70
cannot be recycled, BUC-70@cotton can ensure that the
residue is still attached to cotton after adsorption satura-
tion. Therefore, the arsenics can be extracted by BUC-
70@cotton from treated water without producing any
sludge at the bottom of the water. Finally, CPs and MOFs
might provide potential opportunities to treat polluted
water.
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