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Confinement of inorganic and organic species into microporous

materials such as zeolites and layered compounds is an importan

and growing field of researck Introduction of guest species into

host structures can be done by intercalation or ion-exchange

reactions. The resulting nanocomposite systems may have
physical and chemical properties drastically different from those
of the original components! Recent developments of interesting

systems are the fabrication of a new class of solid-state microlasers

based on zeolite-dye crystaland the synthesis of a selective
and highly active biomimetic catalyst based on tungstate-
exchanged layered double hydroxides which have been used fo
oxidative bromination reactiorfs.

Polycrystalline microporous materials are widely used for
adsorption, separation processes, and catdl@isthe other hand,
thin films are the desirable form of molecular sieves for use in
electronic, magnetic, optical, or molecular recognition studies and
applications’® However, the preparation of multiple samples
having the same host structure and different guest species is ofte
a long and difficult process.lon-exchangeable thin films of
microporous materials can allow production of a large number
of organic and inorganic intercalates in a simple manner. Such

films!® have been used in ion-exchange reactions that occur over

a period of a few minutes to several days. In this work we report
the preparation of lamellar manganese oxide thin films that can
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undergo fast ion-exchange reactions in solution with inorganic
and organic cations.

Thin films (~1 um thick by SEM) supported on glass or quartz
substrates were prepared from a solution of tetraethylammonium
manganese oxide (TEAMnPcolloids!* The preparation, char-
acterization, and self-assembly processes on flat surfaces of these
novel manganese oxide sols have been previously described in
detail’>'* TEM and small-angle neutron scattering data show
that the TEAMNQ colloidal particles are on the order of 280
A in diameteri2 X-ray absorption spectroscopy indicates that the
particles have a layered structure consisting of edge-share¢ MnO
octahedra with an average oxidation state of'8¥RD data for
TEAMNO; films show structures consistent with Gdype layers
of MnOx negatively charged with TEAcountercations and water
molecules between these anionic layére.

Cation exchange of the film was carried out in aqueous
solutions of Cd(N@), and Methylene Blue [3,7-bis(dimethyl-
amine)phenothiazonium, MB]. To achieve ion-exchange, the films
were immersed in the desired solution ¥1102 M) for 3 s
bnd immediately were taken out from the dipping solution and
rinsed twice with deionized water and then dried at room
temperature. The ion-exchange of the film was confirmed by depth
profiling measurements using X-ray photoelectron spectrostopy,
UV —visible spectroscopyf, XRD,'® and chemical analyses (vide
infra).

The XPS depth profile for the film ion-exchanged with®Cd
(Cd—MnO film) coated on glass is shown in Figure 1. The XPS
data show a surface containing oxygen, manganese, cadmium,
and carbon. During the first 5 min of sputtering, the oxygen,
cadmium, and carbon signals rapidly decrease while the manga-
nese signals increase. As the surface is further penetrated, a steady
state is reached with a uniform concentration over 50 min of
sputtering. The etching process was continued until an increase
of the silicon signal (Si 2p) was obtainédThe concentration of
cadmium from the data is approximately 9% near the surface and

% in the steady-state region (bulk). Nitrogen from TE@r

NOs;~ was not detected in the film, which indicates that*Cd
guantitatively replaced the TEAcation and that most of the
carbon present in the film is due to contamination. The O/Mn
atomic ratio gradually decreases from its initial value of 2.2 at
the surface to about 1.3 in the bulk. This effect is due to chemical
reduction and loss of oxygen via ion sputteririgyThe XRD
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—¥— time vs [N]
— - time vs [C]
_—;j :?me vs (8] strongly suggests that the MB cations penetrated the whole film.
me vs [Si Elemental analyses are also consistent with exchange of Meth-
Figure 1. XPS depth profile of C&MnO; film. ylene Blue throughout the bulk material.
The UV-visible spectra for the MBMnO films exhibit two
70 main broad absorption bands at 366 and 584 nm. The broad
absorption at 366 nm tailing out to 600 nm is assigned to charge-
60 o transfer transitions of the manganese oxide laj&Ethis absorp-
= Pog... . O o I Sm— tion band appears at a lower wavelength than that observed for
3 50 4 © AR S o bulk manganese oxide (400 nAf)Such observations are con-
5 sistent with small particle sizes~(00 A) since the film is
< 40 prepared from a colloidal solution. The other absorption band at
5 584 nm with a shoulder around 700 nm is attributed to intercalated
= 30 MB because it appears after the ion-exchange reaction, as shown
= . in Figure 3. This band is due to—x* transitions of the MB
§ 20 aromatic system, which is blue-shifted with respect to the value
8 o g (Amax 664 nm) of the aqueous dye solution (metachromsyhe
10 Ygy o XRD data for the MB-MnOy film show three broad reflections
_"—_'“__'__"‘;5/ S consistent with a layered structure with an interlayer spadigg
omem— = —® — w8 —- —"a around 9.7 A due to MBincorporation. These data indicate that
0 20 40 60 80 the MB' ion (1.70 nmx 0.76 nmx 0.32 nm§° should be oriented
Sputter Time ( Min ) with the plane of the aromatic rings approximately parallel to
—&— time vs [Mn] the manganese oxide layers (slab thickness of 43 #is type
0 imevs {831] of interaction should be responsible for most of the metachromasy
—o-- time vs [C] of the dye since the value of the interlayer spacing is not big
—=— time vs [Si] enough to allow significant aggregation of the dye between the

MnOy layers?!

In conclusion, lamellar inorganic films of manganese oxide
pattern for the CeMnOx film consists of three broad reflections ~ can undergo fast and quantitative ion-exchange reactions with
at 7.4 (001), 3.7 (002), and 2.5 A (100). This indicates that the retention of the layered structure. Film quality can be excellent
layered structure is compressed after replacement of the largeif drying, agitation, thickness, and time of exchange are optimized.
TEA' cations with Cd" ions. Elemental analyses suggest that The low charge density of TEAand its large hydration sphere
the cadmium-exchanged material only contains trace levels of make it easy to be displaced by cations of higher charge density.
carbon after exchange. This in addition to the small size of the particles forming the

The film ion-exchanged with MB(MB—MnO, film) was also ~ films may explain their excellent ion-exchange properties. The
Sputtered until the g|ass surface was reached, Figure 2. The timé)resent results indicate that extensive modifications of these films
required for this operation was similar to that of the-@dnO, can be made with different types of cations, which could be
film. The XPS data reveal a surface rich in carbon and oxygen important for sensors.
with manganese, nitrogen, sulfur, and silicon present in concentra- )
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this sample exhibit complicated variations within the surface °f Basic Energy Sciences, Division of Chemical Sciences for support of

- A d tic ch in th trati f b d this research. O.G. acknowledges the support of Colciencias, Colombia.
region. ramatic change in the concentration of carbon and g = "2 cinowledges the ACS and the PRF.
manganese is observed after 5 min of sputtering. The carbon
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Figure 2. XPS depth profile of MB-MnOx film.




