
Removal of Perchlorate and Tetrafluoroborate Anions from Aqueous Solutions
by a Self-assembled Cu(II) Molecular Capsule System Using Water-insoluble Cu(II) Source

Maiko Yamaguchi,1 Takeshi Hirakawa,1 Naoko Nishina,1 Mitsuru Kondo,*2 Hiromi Aoki,3 Emi Okuda,3 and Liang Zhang3
1Department of Chemistry, Faculty of Science, Shizuoka University, 836 Ohya, Suruga-ku, Shizuoka 422-8529

2Center for Instrumental Analysis, Shizuoka University, 836 Ohya, Suruga-ku, Shizuoka 422-8529
3Research and Development Department, Central Laboratory, Maezawa Industries, Inc.,

5-11, Naka-cho, Kawaguchi, Saitama 332-8556

(Received September 14, 2010; CL-100787; E-mail: scmkond@ipc.shizuoka.ac.jp)

A self-assembled Cubitb molecular capsule system using
basic copper(II) carbonate as a Cu2+ source removed perchlorate
and tetrafluoroborate anions from aqueous solutions without
contamination by Cu(II) ion.

Perchlorate (ClO4
¹) and tetrafluoroborate (BF4¹) anions are

known to interfere with the thyroid’s uptake of iodide, which is
an essential component of hormones made in the thyroid gland.1

It is widely perceived that consumption of excess of these anions
raises the possibility of serious effects on human health,
particularly on growth of newborns and children. Although
they are toxic, these anions are difficult to remove from aqueous
solutions because of their high solubility in water and organic
solvents.2 At this point however, there are no metal ions that
effectively precipitate these anions from water. Therefore, the
development of new separation methods from aqueous solutions
is an important and challenging subject in material science.

We have recently reported that 1,4-bis(imidazol-1-yl-meth-
yl)-2,3,5,6-tetramethylbenzene (bitb) produces a self-assem-
bled molecular capsule [ClO4 · Cu2(bitb)4(ClO4)2]ClO4 (1)
(Scheme 1) on contact with ClO4

¹ in aqueous media.3 Due to
insolubility in water, ClO4

¹ is removed from aqueous solutions.
Although the ClO4

¹ separation by encapsulations in Cu
bitb molecular cages might be useful as a new perchlorate
separation method, this system still has a serious problem in that
the resulting solution is contaminated by unreacted Cu2+ ion.
That is, our previous method, which uses CuSO4¢5H2O and bitb,
seriously contaminates the resulting solution by Cu2+ ions that
remain unreacted (Scheme 2).

Continuing work on this issue, we have tried to use
Cu(CO3)0.5(OH), i.e., basic copper(II) carbonate, and Cu(OH)2
instead of CuSO4¢5H2O as Cu2+ source to construct the Cubitb
molecular capsule for anion separation. Because these Cu2+

sources and bitb are insoluble in water, the treated solution
would not be contaminated by Cu(II) ion. We have found that
the combination of Cu(CO3)0.5(OH) and bitb is useful for

selective removal of BF4¹ as well as ClO4
¹ from aqueous

solutions. Here, we report the new removal method for these
anions from aqueous solutions without contamination by Cu(II)
ion.

The molecular capsule [BF4 · Cu2(bitb)4(BF4)2]BF4 (2),
which was obtained by treatment of CuSO4¢5H2O, bitb, and
NaBF4, is isomorphous to 1.4 The components of the added
powder prepared for the experiments are represented by
brackets, { }, in this paper. For example, when Cu(CO3)0.5(OH)
and two equivalents of bitb were added in an aqueous solution,
the added materials are represented as {Cu(CO3)0.5(OH) + 2
bitb}.

The two combinations {Cu(CO3)0.5(OH) + 2 bitb} and
{Cu(OH)2 + 2 bitb} were examined, and the former showed
useful activities for ClO4

¹ and BF4¹ separations. Figure 1a
shows the changes of concentration of ClO4

¹ after addition of
{Cu(CO3)0.5(OH) + 2 bitb} or {Cu(OH)2 + 2 bitb} in NaClO4

aqueous solution (1.0mM) depending on time. The changes of
the concentrations of anions were determined by using ion
chromatography. When Cu(CO3)0.5(OH) was used as a metal
source, ClO4

¹ anion was effectively reduced to about 0.3mM
within 2 h. On the other hand, addition of {Cu(OH)2 + 2 bitb}
hardly reduced ClO4

¹ anion, indicating that the counter anion
of the Cu2+ sources remarkably affect the ClO4

¹ separation
activities.

Similar tendency was confirmed for BF4¹ separation as
exhibited in Figure 1b. Addition of {Cu(CO3)0.5(OH) + 2 bitb}
in an aqueous solution of NaBF4 (1.0mM) reduced theScheme 1.
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concentration of BF4¹ anion to about 0.4mM within 2 h, while
addition of {Cu(OH)2 + 2 bitb} hardly reduced the BF4¹

concentration under the same reaction conditions. These results
demonstrate that {Cu(CO3)0.5(OH) + 2 bitb} has higher activity
for removal of ClO4

¹ and BF4¹ from aqueous solutions than
{Cu(OH)2 + 2 bitb}.

When {CuSO4¢5H2O + 2 bitb} was added to an aqueous
solution containing equimolar NaClO4 and NaBF4, ClO4

¹ was
preferentially removed (Figure S1).5 Because the molecular
capsule is obtained by anion-templated self-assembly, this
means that the molecular capsule [Cu2(bitb)4]4+ has higher
encapsulation selectivity to ClO4

¹ than to BF4¹. Similar
tendency was observed for {Cu(CO3)0.5(OH) + 2 bitb}.

The light-purple powder obtained by treatment of {Cu-
(CO3)0.5(OH) + 2 bitb} with excess NaBF4 in an aqueous
solution contains an absorption for 2 at around 530 nm in the
reflectance spectrum (Figure S2).5 This apparently demonstrates
that the removal of BF4¹ anion from the aqueous solution is due
to the formation of insoluble molecular capsule including BF4¹

within it.
We have shown that {CuSO4¢5H2O + 2 bitb} removes

ClO4
¹ anion selectively from aqueous solutions.3 This previous

result prompted us to study whether addition of {Cu(CO3)0.5-
(OH) + 2 bitb} can remove BF4¹ anions selectively or not. We
chose BF4¹ as a target anion instead of ClO4

¹, because BF4¹ is
more difficult to remove from aqueous solutions as mentioned
above as well as removal of BF4¹ from aqueous solution by
encapsulation in molecular capsule is unprecedented. Figure 2
summarizes the changes of concentrations of anions after 24 h
from addition of {Cu(CO3)0.5(OH) + 2 bitb} in an aqueous
solution, containing 7 different salts (NaF, NaCl, NaNO2, NaBr,
NaNO3, NaBF4, and Na2SO4) all at the same concentration
(1mM). This shows the selective reduction of BF4¹ concen-
tration, demonstrating that {Cu(CO3)0.5(OH) + 2 bitb} selec-
tively removes BF4¹ in the presence of the other anions.

One of the purposes of this study is the development of a new
ClO4

¹ and BF4¹ separation method without contamination of
the resulting solutions by Cu(II) ion. Although the solutions
remained colorless during the separation experiments, we have
examined the concentration of Cu(II) ion in the resulting solution
by inductively coupled plasma optical emission spectrometry.

The detected concentrations of Cu(II) ion in the resulting solution
after ClO4

¹ and BF4¹ removal were 0.05mgL¹1 and less than
0.01mgL¹1 respectively. These values are smaller than the
critical value set by Japanese law in waste water (3mgL¹1) and
even drinking water (1mgL¹1), demonstrating that {Cu(CO3)0.5-
(OH) + 2 bitb} can remove ClO4

¹ and BF4¹ anions from aque-
ous solutions without significant contaminations by Cu(II) ion.

In summary, we have shown that BF4¹ as well as ClO4
¹

are removed from aqueous solutions by addition of {Cu-
(CO3)0.5(OH) + 2 bitb}. The separation method based on the
self-assembled formation of molecular capsules is interesting in
that removal is not prevented by other general anions such as
Cl¹ and SO4

2¹, and that the resulting solution is not contami-
nated by Cu2+ ions.
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Figure 2. Changes of concentrations of anions before and after
24 h of additions of Cu(CO3)0.5(OH) (24mg, 0.20mmol) and bitb
(117mg, 0.048mmol) in an aqueous solution (30mL) containing
1.0mM of every sodium salt listed in the chart.

Figure 1. Changes of concentrations of ClO4
¹ (a) and BF4¹ (b)

anions in an aqueous solution of NaClO4 or NaBF4 (1.0mM, 30mL)
after additions of mixed powder of Cu(CO3)0.5(OH) (7.0mg,
0.06mmol) and bitb (35.4mg, 0.12mmol) ( ) for each solution at
30 °C. Similar treatment was carried out by addition of Cu(OH)2
(5.8mg, 0.06mmol) and bitb (35.4mg, 0.12mmol) ( ).
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