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A second-generation hydrogen bond donor (HBD) anion receptor

with an inner amide cavity and an outer urea cavity can selectively

and efficiently extract arsenate (AsO4
3−) from water in the pres-

ence of competitive oxoanions and halides. The X-ray structure

showed encapsulation of AsO4
3− in a π-stacked dimeric capsular

assembly of the receptor, the first crystallography-based example

of pentavalent AsO4
3− trianion recognition by a HBD receptor.

Introduction

Ground water aquifers have long been the primary source of
drinking water to mankind. However, many of these aquifers
are contaminated with naturally occurring toxic ions leaching
out from the underlying rocks and soil that surround the aqui-
fers. Arsenic contamination of ground water is a global
problem arising from naturally occurring arsenic oxide
(As2O3), which reacts with water to form hydrogenarsenite
(H2AsO3

− ⇄ HAsO3
2−) and eventually gets oxidized to hydroge-

narsenate (H2AsO4
− ⇄ HAsO4

2−).1 Millions of people in India,
Bangladesh, South-East Asia and South America, are consum-
ing arsenic-contaminated water every day.2 Furthermore,
arsenic has also entered the human food chain due to exces-
sive ground water irrigation in arsenic-contaminated regions

and the extensive use of arsenical pesticides in agriculture.
Prolonged exposure to inorganic arsenic from drinking water
and food increases the risks of developing cancer and other
health issues including skin lesions and abdominal ailments
among others.3 In spite of the significant advancement made
in water-purification technologies, people from many
countries struggle to have safe drinking water, mainly due to
poverty and partly due to a lack of awareness and government
initiatives.4 We believe that, while water purification remains
the first line of defense to counter arsenic poisoning (arsenico-
sis), efforts should also be made to develop highly effective
chelation therapeutic agents for arsenicosis with fewer or no
side-effects, similar to iron chelation therapy by synthetic
siderophores.5

HBD anion receptors have been widely studied for the selec-
tive recognition of anions (halides and oxoanions), largely in
the past two decades.6 However, there are very few examples of
HBD anion receptors which can selectively bind an arsenate
species (H2AsO4

−, HAsO4
2−, AsO4

3−) in solution.7 In contrast,
phosphate and sulfate selective HBD anion receptors are
numerous in the literature.8 Due to the presence of several
competitive anions (F−, Cl−, NO3

−, CO3
2−, SO4

2− and HPO4
2−)

in the natural water sources and the high hydration enthalpies
of arsenates, selective arsenate recognition and extraction by
synthetic receptors is a highly challenging task that it would
be exciting to achieve.

Thus, the development of HBD anion receptors having
higher binding affinity for arsenate in comparison with
halides and other competitive oxoanions present in water is of
significant importance. Urea-based N-bridged tripodal
scaffolds are generally considered as ideal receptors for the
encapsulation of oxoanions, and some of these receptors are
known for the selective recognition of sulfate and
phosphate.8,9

Herein, we report the selective recognition and extraction of
arsenate (AsO4

3−) from water by a urea-functionalized tripodal
receptor L (Scheme 1) in the presence of competitive anions
(OH−, F−, Cl−, CH3COO

−, NO3
−, CO3

2−, SO4
2− and HPO4

2−).
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Single crystal X-ray structural analysis showed the encapsula-
tion of an arsenate in a π-stacked rigidified dimeric capsular
assembly of the receptor by multiple charge-assisted hydrogen
bonds. Density functional theory (DFT)-based binding energy
calculations showed the highest binding affinity of L for
AsO4

3− followed by PO4
3− and CO3

2− in the energy-optimized
receptor–oxoanion complexes.

Results and discussion

In our effort to achieve the selective recognition of an oxoanion
by encapsulation within a HBD organic scaffold, we have syn-
thesized a second-generation tripodal receptor L (Scheme 1)
having an inner amide cavity and an outer urea cavity. The
solution-state anion binding properties of L were investigated
using 1H-NMR spectroscopy in DMSO-D6 (99.9% D atom) at
298 K. In a typical qualitative 1H-NMR experiment, 15 mg of L
was dissolved in DMSO-D6 (0.6 mL) and 1–2 equivalents of a
quaternary ammonium (Et4N

+ or n-Bu4N
+) salt were added to

the solution.
The 1H-NMR spectrum of L (DMSO-D6) showed the amide

–NH signal at 8.2 ppm and the urea –NH protons appeared at
9.0 and 9.2 ppm for –NHα and –NHβ respectively (Fig. 1a).
1H-NMR studies revealed the participation of the urea –NHα,β

protons of L in strong hydrogen bonding with F−, Cl−, H2PO4
−

and HSO4
−. The addition of (n-Bu4N

+)H2PO4
− and (n-Bu4N

+)
HSO4

− to individual solutions of L (DMSO-D6) resulted in a
significant downfield shift of the urea –NHα,β signals (Δδ =
1.10–1.25 ppm) with concomitant peak broadening (Fig. 1b
and c), suggesting strong hydrogen bonding between the
receptor and the tetrahedral oxoanion. The addition of
(n-Bu4N

+)CH3COO
− also showed a downfield shift of the urea

–NHα,β signals (Δδ = 0.50–0.55 ppm) but without any concomi-
tant broadening, and no notable changes were observed in the
amide –NH and aromatic –CH signals (Fig. 1d). However, the
addition of (n-Bu4N

+)NO3
− and (n-Bu4N

+)ClO4
− did not induce

any observable spectral changes with respect to L, indicating
negligible interaction of the urea –NHα,β protons with nitrate
and perchlorate ions (Fig. 1e and S22, ESI†). Among halides,
the addition of (Et4N

+)F− showed the complete disappearance
of the urea –NHα,β signals, indicating hydrogen bond-induced
rapid dynamic effects which lead to significant broadening so

that the signals disappear in the base line (Fig. 1f). In contrast,
the addition of (Et4N

+)Cl− showed a downfield shift of the urea
–NHα,β signals (Δδ = 0.95–1.10 ppm), but without any observa-
ble change in the aromatic –CH signals (Fig. 1g). Similar to
(n-Bu4N

+)NO3
− and (n-Bu4N

+)ClO4
−, the addition of (Et4N

+)Br−

did not show any observable spectral changes of L (Fig. S21,
ESI†).

Based on the receptor–anion interactions observed in the
1H-NMR experiments, we have carried out liquid–liquid extrac-
tion of three tetrahedral oxoanions (phosphate, sulfate and
arsenate) by L in the presence of (n-Bu4N

+)OH− to obtain the
hydrogen-bonded receptor–oxoanion complexes from the
organic phase. In a typical liquid–liquid extraction experiment,
L (200 mg) was dissolved in dichloromethane (DCM, 20 mL) in
the presence of three equivalents of (n-Bu4N

+)OH− and an
aqueous solution of an oxoanion (1 equiv. of Na2HPO4,
Na2HAsO4 or Na2SO4, dissolved in 20 mL of water) was added
to the DCM solution and stirred for half an hour. The hydro-
gen-bonded receptor–oxoanion complex was obtained from
the separated organic phase as a yellow crystalline powder and
characterized using NMR (DMSO-D6) and HR-MS (CH3CN) in
each case. Extraction experiments have also been performed

Scheme 1 Synthesis of hydrogen bond donor tripodal receptor L (yield
62%).

Fig. 1 Aromatic region of the 1H-NMR spectra of (a) receptor L, and in
the presence of quaternary ammonium salts of (b) dihydrogenpho-
sphate, (c) hydrogensulfate, (d) acetate, (e) nitrate, (f ) fluoride and (g)
chloride in DMSO-D6 (full spectra are provided in the ESI,† Fig. S1 and
S15–S22).
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separately in the presence of (n-Bu4N
+)F− to obtain the respect-

ive receptor–oxoanion complexes of phosphate, sulfate and
arsenate, indicating that receptor L has a higher binding
affinity for these oxoanions as compared to basic fluoride and
hydroxide.

The 1H-NMR spectra of arsenate and phosphate complexes
were observed to be similar where the urea –NH signals appeared
to be downfield shifted at 11.8 (Δδ = 2.75 ppm) and 12.9 (Δδ =
3.65 ppm) ppm for –NHα and –NHβ respectively (Fig. S4 and S7,
ESI†). Due to strong hydrogen bonding interactions of the urea
–NHα,β groups with the arsenate/phosphate, the electronic
environment of the adjacent aromatic rings was affected and
therefore broadening and changes in peak positions were also
observed for the aromatic –CH signals (Fig. 2a–c). Integration of
the 1H-NMR signals suggested that there are three tetrabutyl-
ammonium (n-Bu4N

+) cations present in the arsenate and phos-
phate complexes, and AsO4

3−/PO4
3− is coordinated to two recep-

tor molecules (Fig. S4 and S7, ESI†). The formation of the 2 : 1
receptor–oxoanion complex was further confirmed by single
crystal X-ray diffraction analysis of [(n-Bu4N)3(2L·AsO4)] and
HR-MS (Fig. S6 and S10, ESI†). The 31P-NMR spectrum of the
phosphate complex showed a signal at 8.1 ppm for the hydrogen-
bonded PO4

3− ion (Fig. S8, ESI†). The 1H-NMR spectrum of the
sulfate complex also showed a downfield shift of the urea –NHα

and –NHβ signals appearing at 10.0 (Δδ = 1.0 ppm) and 10.5 (Δδ
= 1.25 ppm) ppm respectively, with observable changes in the
aromatic –CH signals (Fig. 2d and S11, ESI†).

Single crystals of the arsenate complex suitable for X-ray
diffraction analysis were obtained from a dimethyl sulfoxide
(DMSO) solution of the extracted compound under ambient
conditions. The crystal structure of the hydrogen-bonded
arsenate complex showed the encapsulation of the tetrahedral
oxoanion in a π-stacked dimeric capsular assembly of receptor

L, [(n-Bu4N)3(2L·AsO4)] (Fig. 3a and S61, ESI†). Structural eluci-
dation revealed that the complex [(n-Bu4N)3(2L·AsO4)]‡ crystal-
lized in the triclinic P1̄ space group (Z = 2), where the encapsu-
lated AsO4

3− is hydrogen bonded to the six urea groups of two
symmetry-independent receptor molecules by at least eleven
N–H⋯O hydrogen bonds (Fig. 3). Three arsenate oxygen atoms
(O2, O3 and O4) accept three hydrogen bonds each and
another arsenate oxygen (O1) accepts two hydrogen bonds
from the urea groups of two receptor molecules assembled by
the π–π interactions of the nitrophenyl rings (Fig. 3b). The N–
H⋯O hydrogen bond donor–acceptor distances range between
2.70 and 2.88 Å (Table S2, ESI†), and the distances between
the centroids of the peripheral aromatic rings involved in π–π
interactions are 3.75–4.12 Å.

The powder X-ray diffraction (PXRD) patterns of the crystals
of the arsenate complex obtained from a DMSO solution
closely resemble the simulated PXRD patterns of the single
crystal X-ray structure of [(n-Bu4N)3(2L·AsO4)], suggesting the
exclusive crystallization of one type of host–guest complex
(Fig. S38 and S39, ESI†). Single crystals of the phosphate
complex could also be obtained from a DMSO solution of the
extracted compound under ambient conditions. However, the
crystal structure could not be solved due to the poor diffraction
data quality. The 1H-NMR and UV-vis spectra of the crystals of
the phosphate complex were observed to be similar to those of
the arsenate complex (Fig. 2 and S41, ESI†). However, the
PXRD patterns of the crystals of the phosphate complex were
observed to be different from the simulated PXRD patterns of
[(n-Bu4N)3(2L·AsO4)], suggesting solid-state structural dissimi-
larities to the arsenate complex (Fig. S40, ESI†). 2D-NOESY
NMR experiments (DMSO-D6) have also been performed to
validate the encapsulation of AsO4

3−/PO4
3− by L. The free

receptor molecule showed intense NOESY signals (contours) in
the aromatic region of the 2D spectrum, indicating strong
interactions between the urea protons (–NHα and –NHβ) and

Fig. 2 Aromatic region of the 1H-NMR spectra of (a) receptor L, (b)
crystals of the arsenate complex [(n-Bu4N)3(2L·AsO4)], (c) crystals of the
phosphate complex [(n-Bu4N)3(2L·PO4)], and (d) crystals of the sulfate
complex [(n-Bu4N)2(2L·SO4)] in DMSO-D6 (full spectra are provided in
the ESI,† Fig. S1, S4, S7 and S11).

Fig. 3 X-ray crystal structure of the arsenate complex [(n-
Bu4N)3(2L·AsO4)] showing (a) encapsulation of AsO4

3− by two sym-
metry-independent receptor molecules (shown in different colours) via
eleven N–H⋯O hydrogen bonds (counter cations are not shown), and
(b) hydrogen bond interactions of the encapsulated AsO4

3− with the six
urea groups of the dimeric assembly of L engaged in π–π interactions
between the nitrophenyl rings.
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among the aromatic –CH protons (Fig. S32 and S33, ESI†).
However, the crystals of the AsO4

3− and PO4
3− complexes

showed considerably weak NOESY signals in the aromatic
region, possibly due to the strong interactions of the urea
groups with the encapsulated oxoanion (Fig. S34–S37, ESI†).10

In an attempt to evaluate the association constants of recep-
tor–oxoanion binding, we have carried out 1H-NMR titration
experiments of receptor L in the presence of Na2HAsO4 and
Na2HPO4 in DMSO-D6/D2O (9 : 1, v/v) solution.11 The 1H-NMR
spectrum of L in DMSO-D6/D2O (9 : 1, v/v) showed the dis-
appearance of the urea –NHα,β signals (Fig. S42, ESI†), unlike
the 1H-NMR spectrum of L in neat DMSO-D6 (Fig. S1, ESI†).
Thus, the gradual downfield shift of the urea –NHα,β signals
could not be followed upon addition of aliquots of Na2HAsO4

or Na2HPO4 (in DMSO-D6/D2O) to determine the association
constants of these oxoanions with L (Fig. S43–S46, ESI†).

However, the 31P NMR signals of both the phosphate
complex (crystals) and 1 : 1 receptor–Na2HPO4 solution in
DMSO-D6/D2O (9 : 1, v/v) appeared at 8.2 ppm, suggesting the
presence of the same phosphate species in both the solutions
(Fig. S47 and S48, ESI†). In contrast, the 31P NMR signal of
(n-Bu4N

+)H2PO4
− was observed at 0.08 ppm in DMSO-D6/D2O

(Fig. S49, ESI†).12 Thus, a large downfield shift of 8.1 ppm was
observed for the hydrogen-bonded phosphate in [(n-
Bu4N)3(2L·PO4)] with respect to the 31P NMR of the free dihy-
drogenphosphate anion (Fig. S50, ESI†).13

Unlike the 1H-NMR spectrum of L in DMSO-D6/D2O (9 : 1,
v/v), the spectrum of L in DMSO-D6/H2O (9 : 1, v/v) solution
showed the appearance of urea –NHα,β signals (Fig. S51, ESI†).
Incremental addition of an aqueous solution of Na2HAsO4 to a
DMSO-D6/H2O (9 : 1, v/v) solution of L showed the appearance
of more than two urea –NH signals (broad), indicating the
presence of multiple hydrogen-bonded species (the possible
coexistence of [2L·HAsO4]

2− and [2L·AsO4]
3− complexes) in the

solution, and thus the association constant could not be deter-
mined from the 1H-NMR titration experiment (Fig. S52–S54,
ESI†).8d However, the receptor–arsenate complex obtained
from the extraction experiment was observed to be of type [(n-
Bu4N)3(2L·AsO4)] only, as proved by 1H-NMR, HR-MS, single-
crystal XRD and powder XRD analyses of the crystals.

Since the association constants of receptor–oxoanion
binding could not be evaluated from 1H-NMR titration experi-
ments, we carried out binding energy (BE) calculations based
on density functional theory (DFT). BE calculations were per-
formed to understand the binding affinity of L for various oxoa-
nions (X = AsO4

3−, PO4
3−, SO4

2−, CO3
2− and NO3

−), BE = (EL +
EX) − ELX in Hartree (1 Hartree = 2625.5 kJ mol−1). Energy
optimization of the receptor–oxoanion complexes was carried
out using hybrid-DFT at the B97D/6-31G** level of theory
(Fig. S55–S59, ESI†).14 DFT calculations revealed that the
binding affinity of L for AsO4

3− is the highest followed by PO4
3−,

CO3
2−, SO4

2− and NO3
−. The BE of L for AsO4

3− (−3583.9 kJ
mol−1) is higher than the BE for PO4

3− (−3515.1 kJ mol−1), and
they are more than double the BE for SO4

2− (−1419.9 kJ mol−1)
and CO3

2− (−1662.2 kJ mol−1), and more than four times the BE
for NO3

− (−781.5 kJ mol−1) (Table S1, ESI†).

The highest binding affinity of L for AsO4
3− encouraged us

to perform liquid–liquid extraction of AsO4
3− from water in the

presence of competitive anions (F−, Cl−, CH3COO
−, CO3

2−,
SO4

2−, and NO3
−). In a typical competitive extraction experi-

ment, L (200 mg) was dissolved in dichloromethane (20 mL
DCM) in the presence of three equivalents of (n-Bu4N

+)OH−

and an aqueous solution mixture of hydrogenarsenate and two
competitive anions (1 equivalent of sodium salts of (i)
HAsO4

2−, F− and Cl− (pH 8.8), (ii) HAsO4
2−, CH3COO

− and
CO3

2− (pH 10.6), and (iii) HAsO4
2−, SO4

2− and NO3
− (pH 8.9),

dissolved in 20 mL of water) was added to the DCM solution
and stirred for half an hour. The yellow crystalline solid
obtained from the DCM solution was characterized by NMR
and HR-MS analyses. The 1H-NMR spectra of the extracted
compounds closely resemble the spectrum of the [(n-
Bu4N)3(2L·AsO4)] crystals in each case, suggesting the selective
extraction of arsenate in competitive media (Fig. 4 and
Fig. S23–S25, ESI†). Notably, the chemical shift of the urea
–NH signals (–NHα at 11.80 and –NHβ at 12.90 ppm), and the
integral values of the aromatic –CH peaks and tetrabutyl-
ammonium peaks are all observed to be similar in the spectra
obtained. It has to be noted that the yield of the arsenate com-
plexes was calculated to be 90–92% (relative to L) in all three
cases of the competitive extraction experiments. It is remark-
able to note that AsO4

3− extraction from water occurs so
efficiently by the exchange of OH− ions with deprotonated
HAsO4

2− between the two immiscible phases, representing the
very high affinity of the urea-based receptor L for AsO4

3−.
Furthermore, extraction experiments were also carried out

with aqueous solutions of Na2HAsO4 adjusted to different pH

Fig. 4 Aromatic region of the 1H-NMR spectra of (a) receptor L, (b)
crystals of arsenate complex [(n-Bu4N)3(2L·AsO4)], (c) arsenate complex
extracted in the presence of fluoride and chloride, (d) arsenate complex
extracted in the presence of carbonate and acetate, and (e) arsenate
complex extracted in the presence of sulfate and nitrate (full spectra are
provided in the ESI,† Fig. S1, S4 and S23–S25).
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values (5.5, 7.4, 9.5 and 11) with Na2CO3 and CH3COOH. The
pH of the aqueous solution affects the speciation of the
species distribution of arsenate given by the equilibria H3AsO4

⇄ H2AsO4
− + H+ (pKa1 = 2.3), H2AsO4

− ⇄ HAsO4
2− + H+ (pKa2

= 6.8), and HAsO4
2− ⇄ AsO4

3− + H+ (pKa3 = 11.6).7c,d An
aqueous solution of Na2HAsO4 (18.5 mg in 20 mL water, ∼1%
solution) has a pH value of 8.8 (Fig. S65, ESI†), and it has
already been discussed that arsenate can be efficiently
extracted by L in DCM solution in the presence of three equiva-
lents of (n-Bu4N

+)OH− by anion exchange between the two
immiscible phases. Similarly, the efficient extraction of
arsenate by L was also achieved from the aqueous solutions of
Na2HAsO4 at basic pH values of 7.4, 9.5 and 11 with a 90%
yield of the arsenate complex [(n-Bu4N)3(2L·AsO4)] (Fig. S60–
S62, ESI†). However, arsenate extraction by L could not be
achieved from an aqueous solution of Na2HAsO4 at acidic pH
5.5. The HR-MS and 1H-NMR spectra of the extracted com-
pound obtained under acidic conditions (Fig. S63 and S64,
ESI†) do not match the spectra of the arsenate complexes
obtained under basic conditions (pH 7.4, 8.8, 9.5 and 11) in
liquid–liquid extraction experiments.

Finally, in order to validate the selective extraction of
arsenate over phosphate, an extraction experiment was per-
formed using an aqueous solution mixture of one equiv. of
Na2HAsO4 and Na2HPO4 (pH 8.8). 31P-NMR spectroscopy con-
firmed the absence of phosphate in the extracted complex
(signal at 8.1 ppm not observed), and HR-MS analysis validated
the selective extraction of arsenate in the presence of phos-
phate (Fig. S26 and S27, ESI†). However, phosphate could
easily be extracted by L in the presence of halides (F− and Cl−)
and oxoanions (SO4

2− and NO3
−) from aqueous media

(Fig. S28–S31, ESI†). AsO4
3− and PO4

3− are tetrahedral oxoa-
nions of the same group and thus have close similarities in
terms of their ionic charge, thermodynamic radii, pKa values
and hydration energy.15 Therefore, the liquid–liquid extraction
of arsenate in the presence of highly competitive phosphate
and other anions by L is a significant accomplishment.

Since all the arsenate extraction experiments were carried out
in the presence of three equivalents of (n-Bu4N

+)OH− or
(n-Bu4N

+)F−, it is necessary to assess the interaction of receptor
L with hydroxide and fluoride ions. In a control 1H-NMR experi-
ment, the addition of one equivalent of (n-Bu4N

+)OH− to a solu-
tion of L (DMSO-D6) showed the broadening and disappearance
of the urea –NHα,β signals, similar to the spectrum of L
(DMSO-D6) added to one equivalent of (n-Bu4N

+)F− (Fig. S66 and
S67, ESI†). The disappearance of the urea –NHα,β signals upon
addition of (n-Bu4N

+)OH− and (n-Bu4N
+)F− might suggest the

deprotonation of the urea –NH proton or hydrogen bond-
induced rapid dynamic effects which lead to significant –NH
peak broadening. In order to validate this, the UV-vis spectra of
L were analysed in the presence of three equivalents of (n-Bu4N

+)
OH− and (n-Bu4N

+)F− in DMSO (Fig. 5). The UV-vis spectrum of
L (1 × 105 mol L−1) showed two absorption bands (282 nm and
355 nm); both experienced a blue shift (12 nm and 22 nm,
respectively), with substantial attenuation and enhancement of
the respective absorption bands, upon addition of three equiva-

lents of (n-Bu4N
+)OH−. Furthermore, the emergence of a new

band at 465 nm was also observed with a concomitant change in
the color of the solution from light yellow to orange. The new
band observed at 465 nm can be attributed to the deprotonation
of the urea –NH proton(s), and a similar hydroxide-induced
deprotonation of the urea group attached to an electron-with-
drawing aromatic moiety is well documented in the literature.16

However, the successive addition of water (up to 1 mL) to the
DMSO solution mixture of L and (n-Bu4N

+)OH− showed gradual
attenuation of the absorption band at 465 nm (Fig. 5 inset) and
the color of the solution reverted back to yellow. Thus, the
control experiments proved that in a typical extraction experi-
ment, the addition of three equivalents of (n-Bu4N

+)OH− to a
suspension of L in DCM leads to solubilization with concomi-
tant deprotonation of the receptor, and the addition of an
aqueous solution of Na2HAsO4 resulted in the protonation of
the deprotonated receptor with concomitant extraction of the
oxoanion in the organic phase upon continuous stirring for half
an hour. The changes in the color of the organic phase observed
during the entire process of arsenate extraction are also in agree-
ment with the UV-vis spectrophotometric results (Fig. S69, ESI†).

Unlike the spectral changes observed in the presence of
(n-Bu4N

+)OH−, the addition of three equivalents of (n-Bu4N
+)F−

to a solution of L (1 × 105 mol L−1) did not show any signifi-
cant spectral changes, suggesting hydrogen bond-induced
–NHα,β peak broadening in the 1H-NMR spectrum of L with
(n-Bu4N

+)F−. The absorption band of L at 355 nm experienced
a red shift of 15 nm in the presence of three equivalents of
(n-Bu4N

+)F− (Fig. S70, ESI†), which could possibly be the con-
sequence of strong hydrogen bonds. However, similar shifts
have not been observed in the UV-vis spectra of the arsenate
and phosphate complexes in DMSO (Fig. S71, ESI†). Thus,

Fig. 5 UV-vis spectra of L and arsenate complex [(n-Bu4N)3(2L·AsO4)]
in DMSO (1 × 105 mol L−1) and changes in the UV-vis spectrum of L (1 ×
105 mol L−1) upon addition of three equivalents of (n-Bu4N

+)F− and
(n-Bu4N

+)OH− in DMSO, and the inset shows the gradual attenuation of
the absorption band at 465 nm of a DMSO solution mixture of L and
(n-Bu4N

+)OH− upon incremental addition of water up to 1 mL.
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receptor–oxoanion complementarity plays an important role in
the selective recognition of arsenate in the presence of com-
petitive anions (hydroxides/halides/oxoanions).

Conclusion

In conclusion, we have synthesized a N-bridged HBD tripodal
receptor for the selective extraction of arsenate from highly
competitive aqueous media by encapsulation of the tetrahedral
oxoanion in a π-stacked rigidified capsular assembly of the
receptor by eleven strong hydrogen bonds. This is the first crys-
tallographic evidence of the selective recognition of a penta-
valent arsenate trianion (AsO4

3−) by a HBD anion receptor, to
the best of our knowledge. The selectivity of the receptor for
AsO4

3− was established by performing liquid–liquid extraction
experiments, where AsO4

3− can easily be extracted into the di-
chloromethane layer by L from an aqueous solution of
Na2HAsO4 in the presence of competitive anions. DFT calcu-
lations also confirmed that the receptor has the highest
binding affinity for AsO4

3− when compared to other competi-
tive oxoanions such as, PO4

3−, SO4
2−, CO3

2− and NO3
−.

It is important to note that the arsenate extraction experi-
ments were carried out in the presence of a stoichiometric
amount of competitive anions (halides and oxoanions), and the
arsenate selectivity of the receptor may be compromised in real
samples where the concentration of other anions (particularly
phosphate) will be significantly higher than that of arsenate.17
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