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Andrey A. Knyazev,[a,b,c] Yury G. Galyametdinov,*[b,c] Bart Goderis,[a] Kris Driesen,[a]

Karel Goossens,[a] Christiane Görller-Walrand,[a] Koen Binnemans,[a] and
Thomas Cardinaels*[a]

Keywords: Lanthanides / Lanthanidomesogens / Liquid crystals / Metallomesogens / Rare earths

The thermal behavior of the metallomesogens [Ln-
(C12C16dbm)3(phen)] (Ln = La, Nd, Eu, Gd, Tb, Dy, Er, Yb;
C12C16dbm = 1-(4-dodecyloxyphenyl)-3-(4-hexadecyloxy-
phenyl)propane-1,3-dionate; phen = 1,10-phenanthroline)
was investigated. The complexes of the light lanthanides (Ln
= La, Nd) are not mesomorphic, whereas the complexes of
the heavy lanthanides (Ln = Eu, Gd, Tb, Dy, Er, Yb) exhibit

Introduction

Most metal ions can form metal-containing liquid crys-
tals (metallomesogens) after complex formation with suit-
able mesogenic ligands.[1–8] By incorporating a metal center
into a liquid crystal, it is possible to obtain materials that
combine the properties of liquid crystals with those of
metal ions. It is very useful to choose d-block or f-block
elements as the metallic centers in metallomesogens, be-
cause these metal ions often exhibit interesting properties
like redox activity, paramagnetism, or photoluminescence.
In the last decade, there has been considerable activity in
the research field of lanthanide-containing liquid crystals
(which are also called lanthanidomesogens).[2,9–11] Different
types of ligands were used to design new classes of lanthan-
idomesogens: Schiff bases,[12–22] β-enamino ketones,[23]

alkanoates,[24,25] 4-alkoxybenzoates,[26–28] phthalocyan-
ines,[29,29–33] porphyrins,[34,35] imidazo[4,5-f][1,10]phenan-
throlines,[36] β-diketonates,[37] crown ethers,[38–40] 2,6-bis-
(benzimidazol-2�-yl)pyridines,[11,41,42] and polyoxometalate-
surfactant complexes.[43] Most examples of lanthanido-
mesogens are thermotropic liquid crystals, although some
examples of lyotropic lanthanidomesogens have also been
reported.[43–46] The rationale for the research interest in
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a monotropic smectic A phase (SmA). A model for the
molecular organization of the molecules in the smectic A
phase is proposed. The luminescence properties of the com-
plexes [Eu(C12C16dbm)3(phen)], [Er(C12C16dbm)3(phen)],
and [Yb(C12C16dbm)3(phen)] were investigated.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

lanthanidomesogens is that, by incorporation of rare-earth
ions in liquid crystals, it is possible to obtain mag-
netic[13,47,48] or luminescent liquid crystals.[49,50]

Although in some classes of lanthanidomesogens
(like phthalocyanines[29] and imidazo[4,5-f][1,10]phenan-
throlines[36]) the size of the lanthanide(III) ion has only lim-
ited or no effect on the transition temperatures, in many
cases the lanthanide contraction has a very strong influence
on the mesophase behavior. This was first illustrated by
mesomorphic Schiff base complexes, where the temperature
range over which the mesophase exists strongly decreases
when going from lanthanum(III) to lutetium(III).[51] An
even more dramatic temperature dependence is observed for
the lanthanide(III) alkanoates, where a mesophase is often
present for only the light lanthanides.[24] In all these exam-
ples, the lanthanide contraction results in a reduction of
the mesophase stability over the lanthanide series. However,
Piguet and co-workers have shown that the lanthanide con-
traction can also cause changes in the mesophase type.[41,42]

Figure 1. Structure of the lanthanide(III) β-diketonate complexes
[Ln(C12C16dbm)3(phen)], where Ln = La, Nd, Eu, Gd, Tb, Dy, Er,
Yb, and phen = 1,10-phenanthroline.
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In this paper, we present the mesophase behavior of new
lanthanidomesogens of the type [Ln(C12C16dbm)3(phen)],
where Ln = La, Nd, Eu, Gd, Tb, Dy, Er, Yb; C12C16dbm
= 1-(4-dodecyloxyphenyl)-3-(4-hexadecyloxyphenyl)pro-
pane-1,3-dionate; phen = 1,10-phenanthroline (Figure 1).

Results and Discussion

The β-diketone ligand 1-(4-dodecyloxyphenyl)-3-(4-hexa-
decyloxyphenyl)propane-1,3-dione is not liquid-crystalline
and melts directly to give an isotropic liquid at 86 °C. The
thermal behavior of the lanthanide(III) complexes is sum-
marized in Table 1 and in the phase diagram shown in Fig-
ure 2. The melting point of the lanthanide(III) complexes
does not depend much on the size of the lanthanide(III)
ion, but a slight decrease of the melting point over the lan-
thanide series was observed. The lanthanum(III) and the
neodymium(III) complexes are not liquid-crystalline. The
europium(III), gadolinium(III), terbium(III), dysprosi-
um(III), erbium(III), and ytterbium(III) complexes also
melt directly to give isotropic liquids, but a monotropic me-
sophase can be observed upon cooling. On further cooling,
the lanthanide(III) complexes do not crystallize but form a
glass. The mesophase was identified as a smectic A phase
by hot-stage polarizing optical microscopy. Upon cooling
from the isotropic melt, typical bâtonnets are formed (Fig-
ure 3). These bâtonnets coalesce to give rise to a focal
conic-like texture in which large pseudo-isotropic domains
occur due to homeotropic alignment of the molecules in
these domains (Figure 4). The clearing points of the lantha-
nide(III) complexes (Table 1, determined by reheating the
monotropic smectic A phase) are virtually not dependent
on the size of the lanthanide(III) ion. However, crystalli-
zation of the monotropic mesophase occurs much faster for
the light lanthanides. Therefore, the mesophases of the eu-
ropium(III) and gadolinium(III) complexes can only be ob-
served by polarizing optical microscopy on fast cooling of
the sample. For the same reason, it is impossible to deter-
mine accurately the clearing points of the europium(III)
and gadolinium(III) complexes. The melting points and
corresponding enthalpy and entropy changes for all the lan-
thanide(III) complexes could be determined by differential
scanning calorimetry (DSC). Only for the erbium(III) and
ytterbium(III) complexes also the clearing temperatures
and corresponding enthalpy and entropy values could be
obtained by DSC. The SmA phase of the lanthanide(III)
complexes is metastable and can only be observed by super-
cooling the isotropic liquid to a temperature below the
melting point of the crystal phase (i.e. the mesophase is
monotropic).[52] The temperature difference between the
melting point of the crystal phase and the clearing point of
the monotropic mesophase decreases over the lanthanide
series. Therefore, it is easier to obtain the mesophases of
the heavy lanthanide(III) complexes and fast cooling rates
are required to obtain the mesophases of the light lantha-
nide(III) complexes. The larger the temperature difference
between the melting point of the crystal phase and the

Eur. J. Inorg. Chem. 2008, 756–761 © 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjic.org 757

clearing point of the monotropic mesophase, the stronger
is the crystallization tendency. This is also evident from the
larger melting enthalpy values observed for the light lantha-
nide(III) complexes.

Table 1. Phase behavior, transition temperatures, transition en-
thalpies and melting entropies of the [Ln(C12C16dbm)3(phen)] com-
plexes.

Ln Transition[a] Temp. [°C] ∆H [kJ mol–1] ∆S [J mol–1 K–1]

La Cr � I 145 28.7 67.9
Nd Cr � I 146 37.8 90.3
Eu Cr � I[b] 135 30.6 75.0
Gd Cr � I[b] 136 26.0 63.5
Tb Cr � I 129 16.4 40.1

I � SmA 110 –[c] –[c]

Dy Cr � I 130 14.8 36.8
I � SmA 114 –[c] –[c]

Er Cr � I 128 17.0 42.4
I � SmA 114 1.1 2.9

Yb Cr � I 121 14.9 37.8
I � SmA 116 1.6 4.2

[a] Cr = crystalline phase; SmA = smectic A phase; I = isotropic
liquid. [b] For the europium(III) and the gadolinium(III) complex,
a metastable monotropic smectic A phase could be observed upon
very fast cooling of the isotropic liquid. However, accurate transi-
tion temperatures could not be determined. [c] The ∆H and ∆S
values of the I � SmA transition of the terbium(III) and dysprosi-
um(III) complexes could not be detected by DSC.

Figure 2. Phase diagram of the lanthanide(III) β-diketonate com-
plexes [Ln(C12C16dbm)3(phen)], where Ln = La, Nd, Eu, Gd, Tb,
Dy, Er, Yb, and phen = 1,10-phenanthroline. Abbreviations: Cr =
crystalline phase; (SmA) = monotropic smectic A phase; I = iso-
tropic liquid.

The mesophase of [Yb(C12C16dbm)3(phen)] was further
investigated by small-angle X-ray scattering (SAXS). The
sample was first heated to the isotropic liquid (150 °C) for
5 min, after which it was cooled to 120 °C for the first mea-
surement. Then, the sample was cooled further to the smec-
tic A phase (100 °C) for the second measurement. The
pattern at 120 °C exhibits a single broad peak with a maxi-
mum at s = 0.033 Å–1 (Figure 5). There are no higher-order
maxima, pointing at a highly disordered morphology, which
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Figure 3. Formation of bâtonnets on cooling the isotropic melt of
[Yb(C12C16dbm)3(phen)] at 113 °C (200�magnification).

Figure 4. Focal conic-like texture of the monotropic smectic A
phase of [Yb(C12C16dbm)3(phen)] at 108 °C, obtained upon cooling
(500� magnification).

is typical for the isotropic liquid. On cooling from the iso-
tropic liquid, the pattern at 100 °C displays a clear sharp
maximum at s = 0.03 Å–1 and a weak corresponding sec-
ond-order reflection at s = 0.06 Å–1 (Figure 5), characteris-
tic of a layer-like (lamellar) structure with a periodicity of
33.3 Å (= d001). The molecular organization within the
smectic A layers can be described using the measured peri-
odicities and the calculated molecular volume. The molecu-
lar volume can be estimated using the relation VM =
(M/0.6022) f = 4028 Å3, where M is the molecular mass
(2297.21 gmol–1) and f a temperature-correction factor (f =
0.9813 + 7.474·10–4 T = 1.056 at 100 °C).[53] The density in
the virtual mesophase is assumed to be close to 1 gcm–3

at 25 °C. Using the molecular volume and the first-order
reflection, the molecular area was calculated as AM =
VM/d001 = 121 Å2. We propose a microsegregation of the
compatible parts in such a way that two types of sublayers
are formed: a sublayer of the molten aliphatic chains and a
sublayer of the coordinated ytterbium(III) ions (Figure 6).
If we assume that three of the six chains are pointing in
one direction and the other three chains are pointing in the
opposite direction (which is much more likely than six
chains pointing in the same direction), a cross-sectional
area per aliphatic chain Ach = AM/3 ≈ 40 Å2 is deduced.
This value is much larger than the cross-sectional area of a
stretched molten aliphatic chain (Ach ≈ 22.5 Å2 at 100 °C)
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[54] and suggests that the molten aliphatic chains are interdi-
gitating. In addition, the layer thickness d001 (33.3 Å) is
much smaller than the calculated length of the molecule
(L ≈ 48 Å) and is in good agreement with a lamellar struc-
ture with interdigitation of the molten aliphatic chains.

Figure 5. Desmeared SAXS intensities (on a logarithmic scale):
sample at 120 °C (dashed line) and sample at 100 °C (full line). The
pattern at 100 °C was shifted upwards for clarity.

Figure 6. Model for the molecular organization of [Yb(C12C16dbm)3-
(phen)] in the smectic A layers. The shaded ellipses represent the
alkoxy-substituted β-diketonates, the dashed ellipses represent the
1,10-phenanthroline heterocycles and the spheres represent the yt-
terbium(III) ions.

The [Ln(C12C16dbm)3(phen)] complexes reported in this
paper are among the rare examples of tris(β-diketonato)
complexes that exhibit smectic mesomorphism. In 1982,
Giroud-Godquin and Rassat investigated the tris[1,3-bis(4-
dodecylphenyl)propane-1,3-dionato]iron(III) complex.[55,56]

They observed a highly viscous mesophase, which was not
further characterized. Swager and co-workers prepared re-
lated compounds,[57] including the dodecyloxy analog of the
iron(III) complex reported by Giroud-Godquin and Rassat.
X-ray diffraction showed that this compound with six alk-
oxy chains exhibited an unidentified smectic phase (SmX
phase). An increase of the number of alkoxy chains on the
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β-diketonate ligands leads to columnar phases.[57,58] Also
for tetrakis(β-diketonato) complexes, columnar mesophases
were observed.[59] The thermal behavior of [Eu(C12C16dbm)3-
(phen)] and [Tb(C12C16dbm)3(phen)] is comparable with the
thermal behavior of the previously reported complexes
[Eu(C14C14dbm)3(phen)] and [Tb(C14C14dbm)3(phen)],
which have symmetrically substituted dibenzoylmethanate
ligands.[37] In both cases, the complexes show a monotropic
smectic A phase. However, the transition temperatures of
the unsymmetrically substituted complexes presented in this
paper are lower.

The luminescence spectra of the europium(III), er-
bium(III), and ytterbium(III) complexes were recorded in
the solid state. The europium(III) ion is known for its
strong red photoluminescence, whereas erbium(III) and yt-
terbium(III) are good infrared emitters. The emission spec-
trum of [Eu(C12C16dbm)3(phen)] is shown in Figure 7. The
europium(III) compound showed a strong red photolumi-
nescence upon irradiation with ultraviolet light. The lumi-
nescence spectra were measured upon excitation at 380 nm.
The narrow peaks observed in the luminescence spectrum
are transitions between the excited 5D0 level and the dif-
ferent J-levels of the ground term 7F (7FJ, J = 0–4 in the
spectrum shown in Figure 7). No transitions starting from
the 5D1 level could be seen. In the high-resolution lumines-
cence spectra, crystal-field fine structure could be observed.
The fine structure reveals that the site symmetry of the Eu3+

ion is low (C2v or lower). This is evident from the observa-
tion of three crystal-field components for the 7F1 level at
588, 592, and 598 nm. The sharp 5D0 � 7F0 line (579.5 nm)
consists of one peak only, which gives a strong indication
that all the Eu3+ ions occupy a site of the same symmetry
and/or crystal-field strength.[60–63] The most intense line is
the hypersensitive transition 5D0 � 7F2 around 611 nm.
The intensity ratio I(5D0 � 7F2)/I(5D0 � 7F1) is 12.2 (inte-
gration calculated in nm or in cm–1 with λ2 correction). Val-
ues larger than 10 are typical for europium(III) β-diketon-
ate complexes.[64] The observed luminescence lifetime was
determined from measurement of the luminescence decay
curve and was found to be 0.53 ms at room temperature.

Figure 7. Room-temperature luminescence spectrum of
[Eu(C12C16dbm)3(phen)] in the solid state (the excitation wave-
length was 380 nm). All transitions originate from the 5D0 level.
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This value is comparable with that of other europium(III)
β-diketonate complexes.[64] For instance, a value of 0.46 ms
was reported for [Eu(dbm)3(phen)] by Bünzli and co-
workers.[65] The decay curve was a single exponential curve.
This supports the fact that only one type of europium(III)
site is present. Only one line could be observed in the
luminescence spectrum of the erbium(III) compound
[Er(C12C16dbm)3(phen)]: the 4I13/2 � 4I15/2 line at 1530 nm
in the near-infrared part of the spectrum (Figure 8). The
emission spectrum of [Yb(C12C16dbm)3(phen)] consists of
several intense lines at 970 nm, corresponding to the
2F5/2 � 2F7/2 transition (Figure 9). The luminescence decay
time of the 2F5/2 level was found to be 10 µs.

Figure 8. Room-temperature luminescence spectrum of
[Er(C12C16dbm)3(phen)] in the solid state (the excitation wave-
length was 380 nm), showing the 4I13/2 � 4I15/2 line.

Figure 9. Room-temperature luminescence spectrum of
[Yb(C12C16dbm)3(phen)] in the solid state (the excitation wave-
length was 380 nm), showing the 2F5/2 � 2F7/2 line.

Conclusions

In this paper, one of the few examples of liquid-crystal-
line lanthanide(III) β-diketonate complexes are pre-
sented.[37] In most of the earlier examples, the mesomor-
phism was not induced by the β-diketonate ligand, but
rather by a mesogenic Schiff base ligand.[14,22,66] No liquid-
crystal phases are observed for the complexes of the light
lanthanides (Ln = La, Nd), whereas the complexes of the
heavy lanthanides exhibit a monotropic smectic A phase. In
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the smectic A phase, the complexes are arranged in layers
with interdigitation of the molten aliphatic chains. The
modification of the dibenzoylmethanate ligand by addition
of long alkyl chains to obtain liquid-crystal phases has no
influence on the excellent luminescent properties of these
materials. As luminescent materials, these lanthanide(III) β-
diketonate complexes offer an alternative to the luminescent
liquid crystals that are obtained by doping luminescent
non-mesomorphic lanthanide(III) β-diketonate complexes
in a liquid-crystalline host matrix.[67–70]

Experimental Section
General: CHN elemental microanalyses were performed with a CE
Instruments EA-1110 elemental analyzer. 1H NMR spectra were
recorded with a Bruker Avance 300 spectrometer (operating at
300 MHz). Differential scanning calorimetry measurements were
recorded with a Mettler-Toledo DSC 822e module. Optical textures
of the mesophase were observed with an Olympus BX60 polarizing
optical microscope equipped with a Linkam THMS 600 hot-stage
and a Linkam TMS 93 programmable temperature controller. Pho-
toluminescence spectra in the visible region were recorded with an
Edinburgh Instruments FS900 spectrofluorimeter. This instrument
was equipped with a 450 W xenon arc lamp, a microsecond flash
lamp, and a red-sensitive photomultiplier (300–850 nm). The lumi-
nescence spectra in the infrared region were measured with an
Edinburgh Instruments FS920P near-infrared spectrometer. The
excitation source was a 450 W xenon lamp connected to a double-
excitation monochromator. A liquid-nitrogen-cooled near-infrared
photomultiplier tube was used for the detection. All photolumines-
cence spectra were recorded at room temperature and excited at
380 nm. A YAG:Nd laser operating at 355 nm was used to measure
lifetimes. The photoluminescence spectra were corrected for the
sensitivity of the detector at the different wavelengths. Small-angle
X-ray scattering patterns were recorded with a Rigaku Kratky cam-
era on a Rigaku Rotaflex RU-200B rotating Cu anode at a power
of 4 kW. Cu-Kα radiation (λ = 1.54 Å) was obtained by filtering
with nickel foil and data were collected with a Braun linear position
sensitive detector. The scattering angles, 2θ, are expressed as a func-
tion of s, the modulus of the scattering vector, which is defined as
s = 2λ–1 sinθ and scattered intensities were recorded over the s-
range 0.002–0.07 Å–1. The slit smeared scattering patterns were de-
smeared by the Guinier–Dumond procedure[71] as implemented in
“TOPAS” software developed by Dr. N. Stribeck at the University
of Hamburg (Germany). Desmeared intensities will be referred to
as I (s). Samples were measured in 1 mm glass capillaries for 1 h at
respectively 120 °C and 100 °C, thereby allowing 5 min for tem-
perature equilibration prior to each measurement. A home-made
heating device controlled the temperature.

Synthetic Procedures: The β-diketone ligand 1-(4-dodecyloxy-
phenyl)-3-(4-hexadecyloxyphenyl)propane-1,3-dione (abbreviated
to HC12C16dbm) was synthesized according to a modified literature
method by a Claisen condensation reaction between the ethyl ester
of 4-hexadecyloxybenzoic acid and 4-dodecyloxyacetophenone,
with sodium hydride as the base.[72] M.p. 86 °C. MS: m/z = 649
[M+]. C43H68O4 (649.00): calcd. C 79.58, H 10.56; found C 79.39,
H 10.69. 1H NMR (300 MHz, CDCl3): δ = 0.84–0.94 (m, 6 H,
CH3), 1.17–1.39 (m, 44 H, CH2), 1.74–1.87 (m, 4 H, CH2CH2O),
4.03 (t, 4 H, CH2O), 4.52 (s, 0.4 H, keto =CH2), 6.73 (s, 0.8 H,
enol =CH), 6.95 (d, 4 H, Jo = 8.3 Hz), 7.95 (d, 4 H, Jo = 8.3 Hz),
17.00 (s, 0.8 H, enol OH; keto:enol = 1:4) ppm. The
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[Ln(C12C16dbm)(phen)] complexes (Ln = La, Nd, Eu, Gd, Tb, Dy,
Er, Yb) were synthesized according to a modified literature
method.[73] All metal complexes were prepared by mixing the β-
diketone HC12C16dbm (3 equiv.), sodium hydroxide (3 equiv.), and
1,10-phenanthroline (1 equiv.) in absolute ethanol at 70–75 °C, fol-
lowed by a dropwise addition of an ethanolic solution of the lan-
thanide(III) chloride salt. The precipitate was filtered off, washed
with hot absolute ethanol, and dried in vacuo. The yields varied
between 70 and 80%. The purity of the compounds was verified
by CHN elemental analysis (see electronic supporting information).
All compounds are colored in different shades of yellow, except for
the neodymium(III) complex, which has a green color.

Supporting Information (see also the footnote on the first page of
this article): Yields and CHN analysis data of the lanthanide(III)
complexes.
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