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Luminescence of Eu3* and Tbs* intercalated in
K, _«HxTi,Os5 layered oxides is observed by exciting the
layered titanate host indicating that the energy transfer via
electron-hole trapping from the layered host to the guest in
the interlayers occurred.

Energy- and el ectron-transfer processes have been studied using
various types of organic and inorganic host—guest materials.
This phenomenon is especialy important for rare-earth phos-
phors doped in inorganic bulk materials.® lon-exchangeable
layered oxides with structural regularity are one of the
interesting host materials. Applications of the layered oxides to
photochemistry, materials chemistry etc. have been extensively
investigated.2 The photochemical interaction in energy- and
electron-transfer processes between oxide layers (hosts) and
substances in interlayers (guests) is of particular interest from
the viewpoint of the development of new host—guest systems.
Recently, the host—guest interaction in the luminescent proper-
ties of [Ru(bpy)s]2* intercalated in layered titanates and
niobates has been reported.® Here, the photochemical host—
guest interaction induced by the excitation of layered oxide
hosts is revealed by the photoluminescence properties of
K2 _ xHxTi20s layered oxides exchanged with rare-earth metal
ions.

K,TioOs was synthesized by melting a mixture of TiO,
(Kanto Chemicals, 99.0%) and K,COs (Kanto Chemicals) at
1270K for 1 hinair using a platinum crucible.45 H*- and Ln3*-
exchanged derivatives were prepared in aqueous LnCl 3 (0.02 m,
40 ml) containing 1 g of K,Ti-Os powder. About 50% of K+ in
K,Ti,Os can easily be exchanged with H* even in distilled
water.5 Therefore, the H+-exchange should partly take place
during the ion-exchange reactions in agueous LnCl3 solutions;
the trivalent rare-earth metal ion-exchanged derivatives are
denoted K, _x_ 3H,Ln,Ti>Os. The compositions of the ion-
exchanged derivatives were determined by EDX (Kevex,
DeltaPlus). Photoluminescence was measured for powdered
samples at room- and liquid-nitrogen-temperatures using a
quartz cell and a fluorometer (Spex, Fluoromax™).

Fig. 1 shows the emission spectra of H+-, Eu3+- and Th3*-
exchanged K, _ yH4Ti,05 obtained by excitation at 320 nm at
77 K. The compositions of obtained materids were
Ko.7H1.3Ti20s, Ko.g0H1.2EU0.04Ti20s and Ko gsH1 0Thg 05Ti20s,
respectively. A broad emission band was observed at 520 nm for
Ko.7H1.3Ti20s athough an emission band was observed at 420
nm by excitation a 270 nm for K,Ti,Os.6 Such a shift by
H+-exchange in emission spectra has also been observed for
layered potassium niobates.” It is noteworthy that the emission
comes from the host of two-dimensional titanate sheets. For
K0_60H1_2EUO_04Ti205 and K0_85H1_0Tb0.05Ti205, the host emis-
sion was partly quenched and emission of the rare-earth metal
ions was observed (Eus*, 5Dg— 7F15; Th3*, 5D4— "Fu56).
Moreover, the ratios of luminescence intensities of Eu3+ and
Th3* to those of the hosts were increased by increasing the
degree of ion exchange.

Fig. 2 shows the excitation spectra of the ion-exchanged
derivativesat 77 K. A broad excitation band with an onset at 350
nm was observed for K0'7H1_3Ti205. For K0_60H1_2EU0.04Ti205

and Ko gsH1 0Tbo.0sTi20s, broad excitation bands with onsets at
350 nm were observed in addition to the peaks due to direct
excitation of the rare-earth metal ions (360, 376 and 393 nm for
Eust, 367 and 377 nm for Tb3*). Especidly for
K0‘85H1_0Tb0_05Ti205, thei ntenS|ty of the broad band was |al’ger
than that of the direct excitation of Th3+. These broad bands
were similar to that for Kg;H13TioOs. Luminescence of
Ko.7H1.3Ti-Os was not observed at 300 K because non-radiative
transitions in titanate layers and/or electron transfer quenching
by H* in interlayers occurred. At 300 K, only the peaks due to
the direct excitation of Eu3* and Th3* were observed for the
Ko.60H1.2EU0.04Ti20s5 and Ko gsH10TboosTi-Os powder but
broad bands were not obtained. Moreover, such a band was not
obtained in the excitation spectrum of an agueous Th3+ solution.
From these results, it was concluded that the broad band was
due to the excitation of titanate layers. Accordingly, the
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Fig. 2 Excitation spectra of (a) Ko7H1.3Ti>Os (monitored at 520 nm), (b)
Ko.soH 1.2EUQ.04Ti205 (monitored at591.5 nm) and (C) Ko.gsH 140Tb0,05Ti205
(monitored at 541.5 nm) at 77 K
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emission spectra in Fig. 1 which had been obtained by
excitation at 320 nm were due to the host excitation.

The absorption spectra of Pr3+, Sm3+, Eu3+, Tb3+, Dy3* and
Er3*+ ions more or less overlap with the host emission spectra.8
Therefore, the resonant energy transfer would have been
possible energetically for al the rare-earth metal ion-exchanged
derivatives. Unexpectedly, however, only Eu3* and Thb3*+
showed luminescence by the host excitation even though the
amounts of rare-earth metal ions exchanged were similar in all
samples (K0_.60H1.2EU0.04Ti205, K_o.58H1.4Pro.02Ti205,
KogsH10TBo0s5Ti20s,  Ki2HoesSMo0aTizOs,  KoszHia-
Dyo_ozTi205 and Ko.eaH 1_3Ero'o3Ti205). Only the host emission
was observed for the Ko.s8H1.4Pr0.02Ti20s,
K12H0.68SM0.04Ti205, Kos7H1.4DY0.02Ti205 and Ko esH1a-
Ero.03Ti.Os powders indicating the lack of the energy transfer
from the host layer to the guest ion. Eu3* and Th3* can easily
assume other oxidation numbers such as Eu2* and Th#*.
Therefore, the present result can be explained as follows;
electrons and holes produced by host excitation in titanate
layers can be trapped by Eu3* and Th3* located in interlayers,
respectively, and holes and electrons successively can re-
combine at their ions resulting in the luminescence, i.e.
electrons and holes act as carriers of the excitation energy.
Photocatalytic  reactions proceed a interlayers of
K2 _ xHxTi2Os? indicating that the electrons and holes can
actualy be transferred to substances in the interlayers. The
energy levelsof the conduction and val ence bands of thetitanate
layers would satisfy the redox reactions of Eus* and Ths+
judging from the band structures of various titanates.10.11

In conclusion, in the Ky _ 4 3H,LNnTi>Os layered oxide
system, Eu3+ and Th3+* in interlayers showed luminescence upon
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excitation of the titanate layers. This observation indicates
energy-transfer processes via electron-hole trapping from
layered titanate hosts to guestsin interlayers. The present study
demonstratesthe energy transfer in two-dimensional systemsby
probing luminescence of guests of rare-earth metal ions. This
will be of particular interest as the novel photochemical host—
guest system in which the direct excitation of stable layered
oxide hosts plays an important role.
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