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Layered double hydroxides (LDH) are natural 2-D nanostructures composed of the
parallel sheets of mixed metal hydroxides, [M*",M*(OH).]* whose positive charge is
compensated by anions (A”) intercalated into the interlayer gallery and screened from each
other by water molecules [1] (hereinafter, M**,M*"-A¥", where n = (1-x)/x is the atomic ratio of
cations M* and M*" in the layer). One of the most prominent features of LDH is their anion-
exchange ability. This feature is widely explored in respect of the application of layered
hydroxides in water treatment, corrosion protection and in vivo delivery of drugs, genes and
markers in biology and medicine [2]. The typical triggers used in a controllable anion
exchange are temperature, pH, and the presence of particular anion species. We have
recently shown that Co*'-containing LDH are magnetically anisotropic and flake-like
crystallites of these LDH can be arranged in external magnetic field [3]. One may suggest
that a magnetic field can act as a trigger in an anion exchange in such LDH.

In this work, an effect of magnetic field on the NO; — CQO,* anion exchange in
Co,Al-NO; LDH was studied using a spectrophotometric approach. Co,Al-NO; LDH was
synthesized using the co-precipitation procedure described in our previous work [4]. The
obtained suspension was centrifuged, and the resulting product was obtained in the form of a
slurry containing about 80 wt.% of water. The phase content of the obtained product was
controlled using X-ray diffraction at room temperature. The XRD study was performed on the
powder obtained from the slurry dried at 60°C. Time-dependent variations in the anion
content of the exchange solution were monitored using a Scan Sci UV-vis spectrophotometer
equipped with a quartz cuvette with an optical path length of 1 cm. The absorption spectra of
the solution were measured after certain periods of time after the beginning of the exchange
reaction. The measurements were repeated three times to ensure the reproducibility of the
results. Anion exchange from nitrate to carbonate was carried out in a 0.1 M solution of
Na,CO; in deaerated water. The solution was put into a plastic tube placed between the
magnet poles. Then 0.3 g of the Co,Al-NO; LDH slurry was added and continuously
dispersed using a mechanical stirrer.

The anion exchange was carried out in a zero magnetic field and in a field of 0.5 T.
The typical procedure was the following: after the certain periods of time upon the addition of
the slurry, about 2 ml of the suspension was removed from the tube using a syringe and then
squeezed out through a 0.45 um filter into the measuring cuvette (the procedure took about
2 s). The periods of the anion exchange time in the case of a zero magnetic field were 30,
60, 150, 180, 270, 300, 600 seconds and at 24, 48 and 120 hours. When the magnetic field
was applied during the exchange reaction, the measurements were conducted after 30, 60,
150, 180, 270, 300, 900, 1800 and 3600 seconds after the beginning of the process. The
absorption spectra of the exchange solution were collected versus the exchange reaction
time at room temperature. The absorption curves of the exchange solution recorded in the
range of 180-300 nm were compared with the peaks of CO;* (225.65 nm) and NOj
(234.58 nm) measured in the reference NaCO; and NaNQO; solutions, respectively.

The nitrate-to-carbonate exchange results in an increase of NO3 in a COs% containing
solution. Therefore, one can expect a regular shift in the position of the absorbance peak
with the progress of the anion exchange.
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It has been revealed that the anion-exchange processes with or without application of
the magnetic field start imnmediately, and after 60 s, the presence of nitrate in the solution is
already detectable. In a zero field, after a fast increase in the nitrate content in the initial 60 s,
the peak value and the peak position remained near the same for about 5 min. The further
changes of these spectra characteristics with time were small, demonstrating a slow anion-
exchange process, which was still incomplete after 120 h. It was rather expectable since the
complete nitrate-to-carbonate exchange in M222M3+ LDHs at room temperature takes about
one week [4].

When the magnetic field was applied, an increase of the nitrate concentration in the
exchange solution was gradual for 1 h. After this period, the exchange was still incomplete;
however, the exchange rate was undoubtedly higher than that after the 120-h exchange in a
zero field. Figure 1 shows the absorbance peak position and the maximum value of the
relative absorbance as a function of time for the anion-exchange experiments carried out
with and without applicationof an external magnetic field of 0.5 T.

The simple characteristicsof the obtained absorption spectra, namely the peak position and
the maximum relative absorbance,

233 : — allows us to estimate and compare

the exchange kinetics. One can see
from Figure 1 that anion-exchange
in the magnetic field for 1 h resulted
in a significant shift of the peak
(from 225 to 232 nm). Taking into
account that the pure nitrate-
containing solution gives a peak at
234.58 nm, it suggests an about
80% increment of NO3' in the
exchange solution.

In the case of a zero magnetic
field, the change in the peak
position even after 120 h-process
was as small as about 1 nm,
indicating about 38% increment of
NOs-, with is even smaller than that
after a 60 s exchange in the
magnetic field.

It is also seen from Figure 1
that the maximum relative
absorbance as a function of the
anion exchange time demonstrates
the behaviour, which is very similar
to that of the peak position versus

Figure 1 - The time variations of the absorbance peak time.
position (top panel) and the maximum value of the The obtained results indicate

relative absorbance (bottom panel) measured in the that an application of magnetic field
solution, in which the nitrate-to-carbonate anion exchange in the course of anion exchange

reaction was carried either in a zero magnetic field or in a . .
g from nitrate to carbonate in Co-Al-

field of 0.5 T . .

NO: LDH results in a considerable
acceleration of the process. This effect certainly deserves a detailed study. Extended
experiments, in which the anion exchange will be carried out at various values and directions
of magnetic field as well as with different combinations of the intercalated and substituting
anions are in progress and will be reported elsewhere.
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