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Lanthanide-containing liquid crystals exhibiting a mesophase close to room temperature were obtained
by adduct formation between a long-chain salicylaldimine Schiff base and tris(2-thenoyltrifluoroacetonato)-
lanthanide(lll) complexes or tris(benzoyltrifluoroacetonato)lanthanide(lll) complexes. The mesophase
was identified as a smectic A phase. The temperature range of the mesophase was found to decrease
over the lanthanide series, and no mesophase was observed for the complexes of the smallest lanthanide
ions. The photoluminescence of the europium(lll), samarium(lll), neodymium(lil), and erbium(lll)
complexes was studied. It is shown that the clearing point can be detected by monitoring the luminescence
decay time as a function of the temperature.

Introduction of relying on external polarizers. From this point of view,
luminescent films prepared by cross-linking of liquid crystals
with polymerizable groups are very interestifig'® Although
most studies on light-emitting liquid crystals have been
focusing on fluorescent organic compouritis? research is
now also more and more being directed to luminescent

metallomesogen¥: 4 Many authors are exploring the typical

Liquid-crystalline metal complexesmitallomesogens
combine the unique properties of both liquid crystals and
d-block or f-block metal complexés® However, the study
of the physicochemical properties of metallomesogens is
often hampered by their high transition temperatures and/or
low thermal stability. Many researchers are therefore suspi-
cious about the usefulness of these compounds for applica-
tions and metallomesogens still remain an academic curiosity.(12) Bauman, D.; Skibinski, A.; Stolarski, Rlol. Cryst. Lig. Cryst1986

The availability of metallomesogens that are liquid-crystalline (13)
at room temperature, that have a high thermal stability, and

that have useful properties (magnetism, luminescence, and4
redox behavior) could change this situation. There is pres-

ently a strong research interest in light-emitting liquid crystals
(photoluminescent or electroluminescent liquid crystal8).

These materials can be obtained either by incorporating a
t (18) Gimenez, R.; Oriol, L.; Pinol, M.; Serrano, J. L.; Vinuales, A. |.; Fisher,

luminophore in a mesogenic unit or by doping luminescen
compounds into a liquid-crystalline host matrho§t-guest

systemp!'~14 Aligned luminescent liquid crystals can be used
for the design of a polarized light source without the need
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line emission of trivalent lanthanide ions in the visible and
near-infared spectral region for the design of luminescent
materials?*#6 so it is not surprising that lanthanide-contain-
ing liquid crystals are considered as a promising class of
light-emitting liquid crystalg:*7#8 Although several studies
were performed on liquid-crystalline lanthanide complexes,
only few of them are luminescent and most of these
compounds have transition temperatures well above room
temperaturé? % Some researchers approached this problem
by doping luminescent lanthanide complexes into a nematic
liguid-crystal host matri¥/~72 Bunzli and co-workers de-
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Figure 1. Structure of the lanthanide complexes [Ln(@#ta)] and [Ln-
(btakL 7]. Here, Ln represent a trivalent lanthanide ion, tta is 2-thenoyltri-
fluoroacetonate, bta is benzoyltrifluoroacetonate, lard the Schiff base.

tected luminescence of europium(lll) and terbium(lll) in the
mesophase of a neat metallomesogen, albeit at elevated
temperature$}’#These authors also studied the luminescence
properties of lanthanide(lll) salts in room-temperature ionic
liguid crystals’>7¢ Corkery and Martin studied the lumines-
cence of glassy samples of mesomorphic europium-doped
lanthanum(lll) dodecanoatéA related study focuses on the
europium(lll) alkanoate&

Our research group synthesized a few years ago lan-
thanide-containing liquid crystals, based on salicylaldimine
Schiff base ligands to tris(dibenzoylmethanato)lanthanide-
(1) complexes’®8 The compounds showed a monotropic
smectic A phase. To optimize the luminescence properties
of these compounds, we replaced the dibenzoylmethanate
ligand by 2-thenoyltrifluoroacetonate or benzoyltrifluoroac-
etonate (Figure 1). It is well-known that europium(lll)
complexes of this ligand exhibit a very intense red photo-
luminescence upon irradiation by UV light.#° Surprisingly,
we found that the complexes of the 2-thenoyltrifluoroaceto-
nate and the benzoyltrifluoroacetonate ligand form more
stable mesophases than the corresponding one of the diben-
zoylmethanate ligand (the new complexes exhibit an enan-
tiotropic mesophase) and have lower transition temperatures.
The melting points of these mesogenic compounds are close
to room temperature. This stimulated us to study the
mesogenic, structural, and spectroscopic properties of these
complexes in detail, and the present paper reports on this
work. Throughout the paper, the Schiff base 2-[(E)-(octa-
decylimino)methyl]-5-(tetradecyloxy)-phenol (broctade-
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cyl-2-hydroxy-4-tetradecyloxybenzaldimine) is represented
by L and the Schiff base 2-[(E)-(butylimino)methyl]-5-
(methoxy)-phenol (orN-butyl-2-hydroxy-4-methoxyben-
zaldimine) byL'. 2-Thenoyltrifluoroacetonate is abbreviated
by tta and benzoyltrifluoroacetonate Inga.

Results and Dissussion

The [Ln(tta}L ] and [Ln(bta}L,] complexes were pre-
pared for all the trivalent rare-earth ions, except for scan- '
dium(lll), cerium(lll), and promethium(lll). Scandium(lil) y
has been omitted because this ion prefers six-coordination
so that as a rule the triidiketonato scandium(lll) complexes
do not form adducts with Lewis bas&Cerium(lll) tends
to be oxidized to cerium(lV), and promethium is a radioactive Figure 2. Molecular structure of [La(tta).'s], where L' is N-butyl-2-
element without long-living isotopes. The synthetic method hydroxy-4-methoxybenzaldimine and tta is 2-thenoyltrifluoroacetonate.
consisted of addition of a solution of 1 equiv of the [Ln-
(tta)(H-0),] or [Ln(bta)(H,0),] complexes dissolved in dry
toluene to a solution of 2 equiv of the Schiff bdsen dry
toluene, followed by stirring of the solutionf@ h at 50
°C. The complexes were obtained in pure form after removal
of the solvent under reduced pressure, and the compounds
were characterized by CHN analysis and by FTIR spectros-
copy. For the diamagnetic lanthanum(lll) complexes, a well-
resolved*H NMR spectrum could be recorded. The stoichi-
ometry of the complexes is similar to that observed for the
dibenzoylmethanate complexes: two Schiff bases add to a
tris(5-diketonate)lanthanide(lll) complex.

The molecular structures of the analogous compounds [La-
(tta)sL'z] and [Nd(btajL',], where L' is the Schiff base
N-bgtyl-z-hydroxy-4-methoxyb_enza|d|m|ne, were determined Figure 3. Molecular structure of [La(btal > (tfa)], whereL' is N-butyl-
by single-crystal X-ray diffraction. The structures show very 2-hydroxy-4-methoxybenzaldimine, bta is benzoyltrifluoroacetonate, and tfa
clearly that thregs-diketonate ligands and two Schiff base is trifluoroacetate.
ligands are bonded to the lanthanide ions. The coordination
number of the lanthanide ion is eight, for both structures. In
the [La(ttajL',] structure, the lanthanum(lll) ion is sur-
rounded by three bidentate 2-thenoyltrifluoroacetonate ligands

and two monodentate neutral Schiff base ligands (Figure 2)'complex are oriented in the same manner with respect to

The oxygen atoms of the Schiff base’s OH group are each other. This is in contrast to the structure of the

deprotonated and the hydrogen atoms are transferred to the . . . .
) o corresponding complex with the dibenzoylmethanate ligands,
nitrogen atoms. As a consequence, a zwitterionic structure.

(negative charge on the phenolic oxygen atom, positive in which the Schiff bases are directed oppositely to each

79 ' imi i
charge on the imine nitrogen atom) is generated. The other’® In the [Nd(bta)L';] structure, a similar distorted

coordination polyhedron of lanthanum(lll) can be described square antiprismatic coordination is observed for the neody-

as a distorted square antiprism. IntramoleculatHN--O mium(IIl) ion, surrounded by three bidentate benzoyltri-

hydrogen bonds appear between the protonated nitrogen antz

/

4

the deprotonated oxygen atoms (average-®l distance:
1.99 A). The asymmetric unit contains two crystallographi-
cally independent molecules with different conformations of
the butyl chains of the Schiff bases. The Schiff bases of each

uoroacetonate ligands and two monodentate neutral Schiff
ase ligands (intramolecular average-iN---O distance:

2.02 A). The asymmetric unit contains only one molecule.
(81) Zhong, G. L.; Kim, K.; Jin, J. ISynth. Met2002 129 193.
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(83) Sano, T.; Fuijita, M.; Fuijii, T.; Hamada, Y.; Shibata, K.; Kuroki, K. ~complexes of the benzoyltrifluoroacetonate ligands, the

Jpn. J. Appl. Phys1995 34, 1883. _ structure of a single crystal obtained from an ethanol solution
(84) Li, H. H.; Inoue, S.; Machida, K.; Adachi, GChem. Mater 1999 . .

11, 3171. turned out to have a quite unexpected structure: [Lafbta)
(85) Kido, J.; Okamoto, YChem. Re. 2002 102, 2357. (tfa)] (Figure 3). Instead of threg-diketonate ligands, only

(86) g'r?e”rf]";%%z 54 "189”1""6”5' P.; Driesen, K.yi&o-Walrand, C.J. Mater. two coordinate to the lanthanum(lll) ion. Additionally, a

(87) Lenaerts, P.; Driesen, K.; Van Deun, R.; Binnemans;em. Mater. trifluoroacetate anion (tfa) coordinates to the lanthanum(lil)

2005 17, 2148. ion, as well as two Schiff base ligands. This is a rare example
(88) Lenaerts, P.; Storms, A.; Mullens, J.; D'Haen, J.rl@oWalrand, ' . . . 9 N P
C.: Binnemans, K.: Driesen, KChem. Mater2005 17, 2194. of a lanthanide big-diketonate comple® The coordination

(89) Binnemans, K. Rare-earth Beta-diketonates.Hendbook on the polyhedron of the |anthanum(|||) jonin [La(b'@_)’z(tfa)] can

Physics and Chemistry of Rare Earti@&schneidner, K. A., Jr., Buzli, - . . . . .
J-C. G., Pecharsky, V. K., Eds.; Elsevier: Amsterdam, 2005 Vol. be described as a distorted bicapped trigonal prism, built up

35, Chapter 225, p 107. of eight oxygen atoms (four oxygens of the two benzoyltri-
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Table 1. Mesomorphic Behavior of the [Ln(tta)L 2] Complexes Table 2. Mesomorphic Behavior of the [Ln(btajL,] Complexes
compound transition temperaturé€p AH (kJ mol1)b compound transition temperaturé€f AH (kJ mot1)b
[Y(tta)sL 2] g23SmA 491 15.7 [Y(bta)sL 2] g18SmA31lI 8.58
[La(tta)L 2] g23SmA68I 15.2 [La(bta)L 2] g19SmAS50I 8.70
[Pr(tta)L o] g20 SmA 67 | 15.8 [Pr(btayL 5] g18SmA 441 8.41
[Nd(tta)L 2] g22SmA®65I 15.4 [Nd(btakL 2] g19SmA 431 8.62
[Sm(tta)Ll 2] g22SmA641 16.0 [Sm(bta}L 2] g18SmA 411 8.40
[Eu(tta)L 2] g22SmAG62I 15.3 [Eu(bta}L 7] g18SmA 401 8.75
[Gd(tta)L 7] g23SmA61I 16.1 [Gd(bta)L 7] g19SmA 391 8.59
[Th(tta)L 2] g23SmAS57I 15.4 [Th(bta)kL 2] g 18 SmA 371 8.54
[Dy(tta)sL 2] g23SmA541 16.7 [Dy(bta)L 2] g18SmA 351 8.71
[Ho(tta)L 2] g22SmA521 16.1 [Ho(btakL 2] g 18 SmA 331 8.72
[Er(tta)L 2] g24SmA 481 16.4 [Er(bta)L ] g18SmA 291 8.53
[Tm(tta)sL o] Cr66 | 76.2 [Tm(bta)L 5] Cré41 59.4
[Yb(tta)sL 2] Cr641 80.3 [Yb(bta)L 2] Cre60| 59.1
[Lu(tta)sl o] Cr59 1 82.4 [Lu(bta)sL 2] Cr58| 59.9
ag = glass transition; Ce= crystalline solid; SmA= smectic A phase; ag = glass transition; C crystalline solid; SmA= smectic A phase;
| = isotropic liquid. The error on the transition temperatures is estimated | = isotropic liquid. The error on the transition temperatures is estimated
to be +0.5 °C. ® The enthalpy changesH corresponds to the enthalpy  to be +0.5 °C. P The enthalpy changeAH correspond to the enthalpy
change at the clearing point for the complexes=trn.a—Er, Y, while it change at the clearing point for the complexes=r,a—Er, Y, while it
corresponds to the melting enthalpy for the complexes=Lfim, Yb, Lu. corresponds to the melting enthalpy for the complexes=Lfim, Yb, Lu.
The error on theAH values is estimated to hel kJ mof?. The error on theAH values is estimated to hel kJ mol ™.

fluoroacetonate ligands, two oxygens of the two Schiff bases,
and two oxygens of the trifluoroacetate group). The asym-
metric unit contains two crystallographically independent

molecules. For both molecules, the Schiff bases are coor-
dinated approximately in a plane, opposite to each other. The

f-diketonate ligands also coordinate oppositely, approxi- % % %
mately in a plane perpendicular to the plane formed by the

Schiff base coordination. The trifluoroacetate anion is very

likely formed by decomposition of benzoyltrifluoroacetonate

in ethanol by a reverse Claisen condensation reaction. By

this reaction benzoyltrifluoracetonate ligands can decompose

after protonation into acetophenone and ethyl trifluoroacetate.

Ethyl trifluoroacetate can hydrolyze into trifluoroacetic acid

and ethanol. Although there are reports in the older literature

on the low stability of rare-eartf-diketonate complexes in

alcoholic solvent§? the decomposition of lanthanigkedike-

tonates has not been studied in detail yet. Recently, Werigyre 4. Schematic representation of the lanthanide complexes in the
reported on the enhanced photostability of lanthafiidigke- smectic A phase.

tonates in an ionic-liquid solveft.

The thermal behavior of the lanthanide complexes is ("€ Smectic A phase, the molecules are situated in layers
summarized in Tables 1 and 2. As mentioned in the and the long molegular axis is on average perpendicular to
Introduction, the complexes with dibenzoylmethanato ligands the 1ayer planes (Figure 4).
formed a monotropic mesophase. Unexpectedly, we observed The transition temperatures of the benzoyltrifluoroaceto-
for the [Ln(ttayL o] and [Ln(bta}L,] complexes not only a  nate complexes are lower than those of the 2-thenoyltri-
stabilization of the mesophase (formation of an enantiotropic fluoroacetonate complexes. For the two series of compounds,
mesophase) but also lower transition temperatures (liquid the mesophase stability range decreases over the lanthanide
crystallinity at room temperature or at temperatures slightly series from the lanthanum(lil) complex to the erbium(lll)
above room temperature). For instance, compound [Eu-complex. The thulium(lll), ytterbium(lil), and lutetium(lil)
(tta)l o] is obtained in the liquid-crystalline state after complexes are not mesomorphic and melt directly to the
synthesis. Upon cooling the compound solidifies at’@2  jsotropic state. The transition temperatures of the yttrium-
No crystalllganon was observed. The clearlng_ pomt_ of this (1) are very comparable with those of the dysprosium(ill)
compound is 62C. All the compounds exhibit a similar - 4 holmium(lil) complexes. This indicates that the size of

mesophase. The mesophase was identified as & SMeCtic Ang |anthanide ion has a strong influence on the transition
phase on the basis of the very typical defect texture that C°“|dtemperatures of the mesogenic lanthanide complexes, a

be observed by polarizing optical microscopy when the phenomenon that was also observed for other liquid-

Isotropic Ilqqu was cooled into the mesophasg. Firsoia crystalline lanthanide complexés! Although the thulium-
nets were visible, and they coalesced to a fanlike texture. In : .
(1, ytterbium(lll), and lutetium(lll) complexes have the

— same stoichiometry as the other lanthanide complexes, they
gg% EgékZmHéhrT e \é\guF:é]r' Eh-e&aei';%ﬁ;?ﬁs‘viﬁ’ SZS,% R Van Hecke @€ also different in the sense that they were obtained in
K.; Van Meervelt, L.; Binnemans, KChem. Commur2005 4354. crystalline form instead as a vitreous solid (glass).
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Figure 5. Luminescence spectra of [Eu(#k)] (blue curve) and [Eu-
(btajL 2] (red curve) as a thin film in the mesophase at@5The excitation
wavelength was 370 nm. All transitions start from # level and end at
the differentJ levels of the’F term § = 0—4 in this spectrum).
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Figure 6. Luminescence decay time of tAB level of [Eu(ttajL ] as a
function of the temperature. The luminescence was monitored at 613 nm
(®Do — 7F, line) and the excitation wavelength was 370 nm. The
measurements were made during cooling of the sample.

guantum yield. Because of the high viscosity of the me-
sophase, the europium(lll) complex could not be aligned in
the mesophase. Therefore, no polarized luminescence mea-
surements were possible. T2, — ’F; line is a magnetic
dipole transition, whereas all the other transitions are induced
electric dipole transitions. All the other induced electric

The luminescence behavior of the europium(lll) and dipole transitions are much weaker than thg — 7F; line.

samarium(lll) complexes were studied in the vitrified me-

The observed luminescence lifetime was determined from

sophase at room temperature. The europium(lll) compoundsmeasurement of the luminescence decay curve. The decay

[Eu(tta)lL > ] and [Eu(btajL, ] show a strong red photolu-

minescence upon irradiation with ultraviolet light (Figure 5).

curve is a single exponential. The luminescence lifetime of
the Dy level was measured as a function of the temperature

The fine structure and intensity ratios for the two compounds upon cooling from 70°C (isotropic) to 10°C (vitrified

are very similar. The luminescence spectra were measurednesophase). The luminescence lifetime increased from 103
with 370 nm as the excitation wavelength. The narrow peaks us at 70°C to 495us at 10°C (Figure 6). At the isotropic
observed in the luminescence spectrum are transitionsto smectic A transition (= SmA transition) at 60°C, a

between the excitetDg level and the differend-levels of
the ground terniF (F;, J = 0—4 in the spectrum shown in
Figure 5). No transitions starting from tikB; level could

marked increase of the lifetime is observed. This increase
can be attributed to a less efficient quenching of the excited
states in the mesophase due to a reduction of the molecular

be seen. In the high-resolution luminescence spectra, crystalmohility. It was shown earlier by Bazli and co-workers that
field fine structure could be observed. The fine structure the melting point can be detected by luminescence lifetime

reveals that the site symmetry of the®Eiion is low, Cy, or

even lower. This is evident from the observation of three

crystal-field components for thé; level at 595 nm. The
Do — "Fo line (580 nm) consists of one peak only, which
gives a strong indication that all the Euons occupy a site
of the same symmetry and/or crystal-field strer§ti¥> The
most intense line is the hypersensitive transitibg — 'F»
around 613 nm. The intensity rati¢®Do — "F2)/I(°Dy —
Fy) is 12.3 for [Eu(ttajLs]. This is a typical value for
europium(lll) B-diketonate complex€8.The quantum yield
of a solution of the europium complex for [Eu(#B)]

measurement@.”*However, our work indicates that also the
clearing temperature can be detected by this method. Notice
that no change in the luminescence lifetime is observed upon
vitrification of the mesophase. Monitoring of the lumines-
cence lifetime is more accurate than monitoring of the
luminescence intensity because the luminescence intensity
can change upon flow or deformation of the liquid-crystalline
sample.

In Figure 7, the luminescence spectrum of the compound
[Sm(bta}L . ] is shown. The narrow peaks observed in the
emission spectra are transitions between the exdéizgd

dissolved in dry dichloromethane was measured using anjevel and the differeni-levels of the’H term%:97 The most

integrating sphere. A value of (28 2)% was found for the

(92) Binnemans, K.; Gtler-Walrand, C.J. Rare Earthsl996 14, 173.
(93) Binnemans, KBull. Soc. Chim. Belgl996 105 793.
(94) Galler-Walrand, C.; Binnemans, K. Rationalization of crystal-field

parametrization. ItHandbook on the Physics and Chemistry of Rare
Earths Gschneidner, K. A., Jr., Eyring, L., Eds.; Elsevier: Amsterdam,

1996; Vol. 23, Chapter 155, pp 12283.

(95) Binzli, J.-C. G. Luminescent probes. lranthanide Probes in Life,
Chemical and Earth Sciences: Theory and PractBénzli, J.-C. G.,
Choppin, G. R., Eds.; Elsevier: Amsterdam, 1989; Chapter 7, pp 219
294.

intense transition is th#s;, — 6Hg; line at 648 nm. Just as

in the case of the europium(lll), it was found that the
monitoring of the luminescence lifetime can be used to detect
the clearing point of a samarium(lil)-containing liquid crystal.

(96) Carnall, W. T.; Crosswhite, H.; Crosswhite, H. Mnergy Leel
Structure and Transition Probabilities of the 7Falent Lanthanides
in LaFs; Technical Report; Argonne National Laboratory: Argonne,
IL, 1977.

(97) Binnemans, K.; Van Deun, R.; @ler-Walrand, C.; Adam, J. LJ.
Non-Cryst. Solidd998 238 11.
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Figure 7. Emission spectrum of [Sm(btd);] in the mesophase at 2%&.
The excitation wavelength was 350 nm. All the transitions start from the Wavelength (nm)

Gz level. Figure 9. Luminescence spectra of [Nd(&)] (blue curve) and [Nd-
(btayL 2] (red curve) as a thin film in the mesophase at@5The excitation
354 wavelength was 317 nm. The observed lines belong to*fage — “I;
., multiplet @ = %5, %5, 13/5).
2 34 -
2 e, of the 413, level of ER* than the*F;; level of Nc*t. Only
£ 33 " one line could be observed in the luminescence spectrum of
2 . the erbium(lll) compounds in the mesophadkz,— 415
8 32 . The luminescence lifetime of thél,s, level at room
% . temperature is 660 ns for [Er(tth) ] and 560 ns for [Er-
£ 91 . (bta)l > ].
3 .
30 T Experimental Section
2 General.*H NMR spectra were recorded with a Bruker Avance
0 20 30 40 50 60 300 (300 MHz) using CDGlas solvent. Elemental analyses (CHN)
Temperature (°C) were obtained on a CE Instrument EA-1110 elemental analyzer.

Figure 8. Luminescence decay time of th€s, level of [Sm(btta)L ;] as The optical textures .O_f the .mesophase Were obs.erved ,Wlth an
a function of the temperature. The luminescence was monitored at 648 nm Olympus BX60 polarizing microscope equipped with a Linkam
(4Gs2 — ®Hop2 line) and the excitation wavelength was 350 nm. The THMS-600 hot stage and a Linkam TMS-93 programmable

measurements were made during cooling of the sample. temperature controller. DSC traces were recorded with a Mettler-
) - ) Toledo DSC-821e module. The luminescence spectra of the
The luminescence lifetime increased fromya0at 54°C to europium(ll) and samarium(lll) complexes have been recorded on

34.5 us at 10°C (Figure 8). The luminescence lifetime an Edinburgh Instruments FS-900 spectrofluorimeter. Luminescence
increases sharply at 4C, and this temperature corresponds lifetime measurements were made on the same instrument. This
to the clearing temperature as determined by optical micro- instrument is equipped with a xenon arc lamp, a microsecond flash
scopy. Notice that the luminescence lifetime of samarium- /amp, and a red-sensitive photomultiplier (36850 nm). The

(Il1) is much shorter than that of the corresponding europium- spectra were corrected for variations in the output of the excitation
(Ill) compound source and for variations in the detector response. The quantum

yield of the europium(lll) complex was determined using an
To illustrate the possibility to observe near-infrared integrating sphere (150 mm diameter, Ba®6ating) of Edinburgh
emission from trivalent lanthanide ions in the mesophase, Instruments, in combination with an Edinburgh Instruments FS920P
we investigated the luminescence of the neodymium(lll) and spectrofluorimeter. The quantum yield can be defined as the
erbium(lll) complexes. The ytterbium(lll) complexes were following: the integrated intensity of luminescence signal divided
not considered because they are not mesomorphic. The mospy the integrated intensity of the absorption signal. Only the intense
intense near-infrared luminescence was found for the neody-'uminescence of théD, — 'F; transition was measured by the

mium(lll) complex (Figure 12). The observed transitions are integrating sphere, but this intensity value was corrected by taking
the typical 4F-4f transitions of N&": “Fap — 4, (J = 9 into account the relative intensity of the other transitions (as
. 3/2 J - 12

. . determined from the steady-state luminescence spectrum). In this
115, 13,). The luminescence lifetime of tHes, level at room y P )

. way, an intensity value that corresponds to the total luminescence
temperature is 442 ns for [Nd(tth), | and 380 ns for [Nd-  thut was obtained. The absorption intensity was calculated by

(btakL» ]. The luminescence of the erbium(lil) compounds  subtracting the integrated intensity of the light source (with the
is much weaker than that of the corresponding neodymium- sample in the integrating sphere) from the integrated intensity of
(1l compounds, due to stronger radiationless deactivation the light source (with a blank sample in the integrating sphere).
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The blank sample was a quartz measuring cell, filled with the obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving-

solvent (dichloromethane).
Crystallography. Yellow single crystals of [La(tta).';] and [Nd-

.html (or from the Cambridge Crystallographic Data Centre, 12,
Union Road, Cambridge CB2 1EZ, UK; faxt44-1223-336033;

(bta)L',] were obtained by slow evaporation of a solution of the 0r deposit@ccdc.cam.ac.uk).

compounds in chloroform at4C in a refrigerator. Yellow crystals

Synthesis.The Schiff base ligand. and the [Ln(ttay(H.0),]

of [La(tta),L',(tfa)] were obtained by slow evaporation of a solution ~and [Ln(btay(H20),] complexes were synthesized by following a

of the compound in ethanol at’€ in a refrigerator. X-ray intensity

literature proceduré The synthesis of the europium(Ill) complex

data were collected on a SMART 6000 diffractometer equipped [Eu(ttakl ] is described below, and all the other complexes were

with CCD detector using Cu & radiation § = 1.54178 A). The

prepared by the same method. See Supporting Information for the

images were interpreted and integrated with the program SAINT analysis results.

from Bruker?®

[La(tta)gL'z]: C97H93C|3F13L32N402055, M = 2553.35, triclinic,
P1 (No. 2),a= 12.7129(12) Ab = 19.784(3) A,c = 22.611(2)
A, a = 103.268(6), f = 97.491(43, y = 102.145(10), V =
5315.0(11) & T = 100(2) K,Z = 2, pcarc = 1.595 g cm3, x(Cu
Ka) = 8.792 mnt?, F(000)= 2572, crystal size 0.% 0.15x 0.1
mm, 19426 independent reflectionR{ = 0.1302). FinalR =
0.0752 for 12702 reflections with> 20(I) andwR2 = 0.1900 for
all data.

[Nd(btakL's]: CsaHsoFoNoNdOyo, M = 1323.59, triclinic,P1 (No.
2), a = 12.354(3) A,b = 12.972(4) A,c = 19.357(4) A, =
101.524(16), f = 93.225(15), y = 108.121(16), V = 2865.3(13)
A3 T=100(2) K,Z=2, pcaic = 1.534 g cm3, u(Cu Ka)) = 8.960
mm1, F(000) = 1338, crystal size 0.% 0.25 x 0.15 mm, 7663
independent reflection®Rg; = 0.1061). FinaR = 0.0673 for 5460
reflections withl > 20(I) andwR2 = 0.1747 for all data.

[La(tta)L's(tfa)]: CagHagFolLaN,O1o, M = 1096.76, triclinic,P1
(No. 2),a=15.1196(11) Ap = 18.5236(10) Ac = 20.6386(12)
A, a.=70.890(3), 8 = 80.255(4}, y = 66.575(4}, V = 5006.5(6)
A3, T=100(2) K,Z= 4, pcaic = 1.455 g cm3, u(Cu Ka)) = 7.377
mm~1, F(000) = 2216, crystal size 0.4 0.25x 0.1 mm, 14108
independent reflection®(; = 0.1000). FinaR = 0.0627 for 9376
reflections withl > 20(l) andwR2= 0.1684 for all data. Disordered
solvent in voids of 109, 79, and 793/t positions ¥5, 0, 1),

(0.061, 0.327,0.711), ane-0.061, 0.673, 0.289), respectively, were

modeled with SQUEEZE (total contribution of 37 €).

All three structures were solved by direct methods and refined

by full-matrix least-squares oR? using the SHELXTL program

packag€ Non-hydrogen atoms were anisotropically refined and
the hydrogen atoms in the riding mode with isotropic temperature
factors fixed at 1.2 timeb/(eq) of the parent atoms (1.5 times for

methyl groups). CCDC-273180 ([La(tsa),]), CCDC-601963 ([La-
(tta)yL'(tfa)]), and CCDC-601964 ([Nd(btg)';]) contain the

Synthesis of [Eu(ttajL,]. A solution of [Eu(tta}(H2.O),] (0.1
mmol, 0.085 g) in dry toluene was added dropwise to a solution of
2-hydroxyN-octadecyl-4-tetradecyloxybenzaldiming) (0.2 mmol,
0.117 g) in dry toluene. The reaction mixture was stirred atG0
for 3 h. After the solution was allowed to cool to room temperature,
the solvent was removed under reduced pressure and the product
was dried in vacuo. The compound is obtained as a light yellow
sticky solid with a red hue (due to photoluminescence) at room
temperature. Yield: 0.198 g (99%). Elemental analysis: calcd (%)
for C102H15EUN,O1gF9S3 (1987.5): C, 61.64; H, 7.81; N, 1.41.
Found: C, 61.60; H, 7.87; N, 1.29.

Conclusions

We optimized the design of liquid-crystalline Schiff base
adducts lanthanidg-diketonate complexes. By a proper
choice of the3-diketonate ligand (2-thenoyltrifluoroacetonate
or benzoyltrifluoroacetonate instead of dibenzoylmethanate)
the transition temperatures could be reduced and the mes-
ophases could be stabilized. The materials exhibit a smectic
A phase at temperatures close to room temperature. A major
advantage of this type of lanthanide-containing metallome-
sogens is their intense luminescence output, both in the
mesophase and in the vitrified mesophase.
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