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Conformation-Controlled Luminescent Properties of Lanthanide Clusters
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Dinuclear and cubane-shaped lanthanide cluster complexes
containing Eu" and Tb" were synthesized by step-by-step
construction using p-tert-butylsulfonylcalix[4]arene as a cluster-
forming ligand. The sulfonylcalixarene adopts a pinched-cone
conformation in the dinuclear complexes and a cone conformation
in the cubane complexes. Because the calixarene has a large
sr-conjugate system expanding over the entire molecule, it behaves
as a good antenna chromophore for UV and near-UV light, and a
slight conformational change of the calixarene (from cone to
pinched-cone and vice versa) has an effect on the energy levels
of excited S; and T states. As a result, selectivity is observed in
the luminescent properties of dinuclear and cubane-shaped systems
of Eu" and Th'.

Chart 1. p-tert-Butylsulfonylcalix[4]arene, kL

sized complexes constructed with thiacalixarene derivatives
including p-tert-butylsulfonylcalix[4]arene (kL ; Chart 1)¢
several types of nanoarchitectures have been constructed
using rational synthetic procedur&sit has been shown that
ligands of this series exhibit a high potential as templates
for metal-cluster formation. Moreover, they may act as a
superior antenna chromophore for UV and near-UV excita-
tion compared to the original methylene-bridged calixarénes
because the thiacalixarene derivatives possess fagm-

Nanosized metal complexes are highly advantageous forjugate systems that expand over the entire molecule. Here
generating functionalized nanomaterials, owing to their easewe report two types of nanoclusters of "Etand TH'

of structure design, synthesis, and tuning of propetfidsese
advantages are attained by bottom-up construétitime

supported byL*", which exhibit peculiar luminescent
properties controlled by slight conformational changes in the

combining of a variety of metal ions and well-organized ligand.

organic ligands results in the accomplishment of synergetic
effects®4 We are investigating novel functionality in nano-

Dinuclear aBusN)2[Lna(L )2(H20)4] [(NBusN)2-17 with Ln
= Eu; (hBusN).:2 with Ln = Th] were obtained using a
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Figure 1. Crystal structure ofl?~. (a) Side view of the molecule. (b)
Mononuclear core involving one calixarene ligand and oné' Eon.
Hydrogen atoms antBu groups are omitted. Each atom is depicted as
follows: Eu, green; S, orange; O, red; C, gray. (¢) ORTEP drawing of the
Euw, core with thermal ellipsoids at 50% probability. Symmetry transforma-
tion: *, —x, =y, —z+ 2.

Figure 3. Frontier MOs of idealized models for half of the dinuclear
system with a pinched-cone conformation (A) and the cubane system with
a cone conformation (B). The;State is practically a HOMG~ LUMO
excitation in the former and a HOMO-* LUMO excitation in the latter.

In the T; state, the main coefficients occur for the same orbital couples as
those in $. A similar situation applies for the,Sand T, pairs of states,
which are due to HOMO-2~ LUMO excitations in both cases.

Figure 2. Crystal structure oB*". (a) Side view of the molecule. (0) ~ 43-hydroxo ligands (O7) and four bridging acetate ligands
Dinuclear core involving one ligand and two'EEions. (c) ORTEP drawing (08 and 09).

of the ueore. syn;metry trl?nsmrmatiol?s; XAy 2 X, L4 involves a large, flexibler-conjugate system expand-
—y+ YUy, =2+ YUy ¥, —x+ Yoy, =2+ Yo _ A i k )
Y : 2y : ing over the entire ligand, and its optical properties are very

procedure similar to the published procedure for synthesizing Sensitive to ﬁma” changes in conformation. In dinuclear
Gd" dinuclear complexe®. These complexes are isostruc- cOMplexesL*" adopts a pinched-cone conformation with a

tural (Figure 1) and may be regarded as a dimer of distance ratiodcis-caydes-czs of 0.71, while in cubane
mononuclear unit§Ln(L)} ", in which pinched-conid 4" systems, it takes a cone conformation with a rdge-c13+/

behaves as a tetradentate ligand via four phenoxo oxygen?“*c?* Ofl ?1-83- Onlth:a paSiSf of tim?-depender:t density
atoms (Figure 1b), and assembly of two units results in the unctional theory calculations for idealized models (Figure

8 e . .
formation of a dinuclear cluster core sharing two phenoxo Is"), 'td's. trtlﬁughtbthat the teffectg/e. h|gr;|er tsy(;n'm(:';]ry of the”
oxygen atoms from two units. Reaction ofBusN)z[Ln,- igand in the cubane system (B) is reflected in the overal

(L)o(H:0)d, LN(ACO)snH,0, andnBuNOH in a 1:2:4 molar delocalization _of occupied mp!ecular orbitals (MOs) a_nd,
ratio afforded isostructural cubane-type complexesBiN).- consequently, in a lower transition energy to the delocalized

. lowest unoccupied MO (LUMO). In the dinuclear system,
.37 .
g‘g%gﬁ?ﬁégg;‘ggiﬁﬁ\l 2\433p::2(-jygll?g\ij():%Itr\ggth§stals the occupied MOs are less delocalized (A), so that the cost

with a relatively high yield (Figure 2). This type of step- of transition toward the delocalized LUMO is higher for both
y high yield (F19 c). 1TIS typ sStep singlet and triplet promotions. This was confirmed by
by-step cluster formation is beneficial in the design of

. . spectroscopic studies in the solid state; the calixarene unit
heteronuclear clusters. The highly symmetrical complexes X
functions as a good antenna chromophore for UV and near-

— 4_ H
iitzn?in ?Lr(;}?ga'i?l rsvgh?éf‘e(;asoﬁiirﬂblzgg S ;);tv;ot;r:-alleruv light, with absorption at 340 nm fot?~ and 22~ and
o Z b 356 nm for3* and 4%, with the latter pair exhibiting a
tridentate ligand (via two phenoxo oxygens and one sulfonyl bathochromic shift compared to the former and showing a

oxygen) for each lanthanide ion, and the two units are tailing absorption reaching to the visible region, up to 430
assembled to form a cubane cluster further supported by fournrn (Figure S4 in the Supporting Information). The energy

levels of the ligand-based excited states were also estimated
from exited, fluorescence, and phosphorescence spectra,

532 parameters. Crystal data foBUsN)4-3-6DMF: tetragonal P4,/
n,a= 17.6531(13) Ac = 31.496(3) AU = 9815.1(15) R, Z = 2,
T =100 K, wR2=0.102 (8512 unique reflections), R10.057 [2660
reflections withl > 20(1)] using 790 parameters. (8) The calculations were performed wi@aussian03
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Scheme 1. Energy Diagram for Complexe¥— and2?— (Top) and  the Ln'"* levels, which prevents back-transfer processes from
g‘al—taand4 — (Bottom), Respectively, Estimated from the Spectroscopic Ln" to the ligand; efficient energy-transfer processes take
place from the ligand Tlevel to the’D,4 level of Th" in 22~
and the’D; level of EU" in 3*". In the case ofl?>~ and4*",
a smaller energy difference betweenahd®D, (1%7) or °D,
(4%7) accelerates th@; — T, back-transfer proce§syhich
results in very weak luminescence, or none, at room
temperature.

In conclusion, we have investigated the luminescent
behavior of di- and tetranuclear lanthanide clusters containing
p-tert-butylsulfonylcalix[4]arene, which functions as a good
antenna chromophore for UV and near-UV light. Because
the ligand contains a large-conjugate system expanding
over the entire molecule, the functionality of the antenna is
very sensitive to molecular symmetry; hence, it may be
controlled via conformational changes, without any chemical
modifications.
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causes significant differences in the luminescent propertiesniip://pubs.acs.org.
of complexes1?> —4%". The Tb dimer2?~ shows strong
luminescence in the solid staté.{ = 365 nm), while the
related Eu dimer?- does not show any luminescence at - - -

. (9) At 77 K, precise luminescence was observed for Wéthand 4%~.
room temperature (Scheme 1). Meanwhile, the cubane For the case ofi*~ at room temperature, ligand-based luminescence
complexes exhibit an opposing trend; the Eu cubathes was observed together with the "fibased luminescence. The band

; ; shape and position are similar to those of the corresponding Gd cubane

Strongly Igmlnescent, while the Tb CUbanfé_ shows VerY complex (Figure S6 in the Supporting Information), and this suggests
weak luminescence under the same experimental condttions. the presence of @; — T1 (or S;) back-transfer process. The intensity
Because the ligand absorptions appear near the visible region,  ©f this luminescence decreased as the temperature was lowered.

. . I stat | ted Ligand-based luminescence 4f~ was not observed at ambient
the ligand T state and the excited L'rf sta ¢ are locale temperature, with a similar manner for the corresponding Gd dinuclear
close together, and therefore the exact point at which the(lo) ?O)mglex (see 'I-':IguTre dS5 a'?_dgs lfﬂgend Irﬂthg Sudpporglng lnil;ormatlo?e)-

. . f . a utierrez, F.; Tedeschi, C.; Maron, L.; Daudey, J.-P.; Poteau, R.;

energies of these states_ match is the determinant of lumi- Azema, J.; Tisi®, P.. Picard, CDalton Trans.2004 1334. (b) Sao,
nescencé? The T; levels in22~ and3*" are located above S.; Wada, M.Bull. Chem. Soc. Jpril97Q 43, 1955.
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