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The series of luminescent monomeric lanthanide thiazole complexes [LnCl3(thz)4]·0.5thz (Ln =
Sm, Eu, Gd, Tb, Dy; thz = 1,3-thiazole) has been synthesised and characterised by powder and single-
crystal X-ray diffraction, IR and photoluminescence spectroscopy, DTA/TG as well as elemental
analysis. The colourless compounds exhibit photoluminescence in the visible region with varying
quantum efficiencies up to QY = 48% for [TbCl3(thz)4]·0.5thz. Both, the lanthanide ions as well as
the thiazole ligand contribute to the luminescence. Excitation can be achieved via intra-4 f transitions
and by exciting the ligand, emission is observed mainly from the lanthanide ions again by 4 f tran-
sitions. Thiazole can transfer energy to the lanthanide ions, which further feeds the lanthanide emis-
sion by an efficient antenna effect even at room temperature. The lanthanide ions show pentagonal-
bipyramidal coordination by three chloride anions and four N atoms of 1,3-thiazole, which leads to
a strong 5D0 → 7F4 transition for europium. Significant differences arise as compared to thiophene
complexes because no sulphur atom is involved in the metal coordination, as the thiazole ligand is
solely coordinated via its nitrogen function.
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Introduction

Due to the sharp emission lines and therefore a good
colour quality, there is a growing interest in lan-
thanide complexes as candidates for applications in
the fields of electronics [1, 2] and photonics [3 – 5].
However, the direct light absorption of trivalent lan-
thanide ions is usually low due to the parity for-
bidden character of intra-4 f transitions (smaller than
ε = 10 L mol−1 cm−1) [6]. The weak absorption coef-
ficients can be circumvented by energy transfer from
an antenna, mostly organic “chromophores”, to Ln3+

centres. Energy migration from ligand to metal im-
plies Laporte- and spin-allowed ligand-centred absorp-
tion, which can be followed by intersystem cross-
ing in the ligand and energy transfer to the metal
ions, and ends up in metal-centred emission. The ef-
ficiency of the antenna effect can be maximised if

excited energy states of the ligand are higher and
close to the energy levels of excited states of the
lanthanide ions [7, 8]. The latter show luminescence
with emissions spanning over the entire electromag-
netic spectrum from the UV (Gd3+) to the visible
(Sm3+, Eu3+, Tb3+, Dy3+) and near-infrared (Nd3+,
Er3+, Yb3+) regions [9]. Remarkable investigations
on luminescent lanthanide complexes were carried
out on ligands like terphenyls [10], β -diketones [11],
cryptands [12], quinoline derivates [13], and car-
boxylates [14]. As the work on thiazole complexes
[LnCl3(thz)4]·0.5thz (Ln = Sm, Eu, Gd, Tb, Dy;
thz = 1,3-thiazole), presented here, shows, small het-
erocyclic five-membered aromatic ligands like 1,3-
thiazole can also exhibit antenna effects, effectively
supporting the lanthanide luminescence. Recently,
a first lanthanide thiazole complex has been report-
ed, [Pr4Cl10(OH)2(thz)8(H2O)2][Pr2Cl6(thz)8] [15],
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which already gave hints on the presence of an-
hydrous secondary phases. Now, the synthesis of
[LnCl3(thz)4]·0.5thz confirms the existence of such an-
hydrous complexes.

Results and Discussion

Crystal and molecular structure

The reaction of anhydrous LnCl3 (Ln = Sm,
Eu, Gd, Tb, Dy) with 1,3-thiazole with no fur-
ther solvents yields colourless crystals of the
formula [LnCl3(thz)4]·0.5thz (Ln = Sm, Eu, Gd,
Tb, Dy; thz = 1,3-thiazole). The structures of
[LnCl3(thz)4]·0.5thz (Ln = Sm, Eu, Gd, Tb, Dy) were
determined on single crystals of 1 (Sm) and 4 (Tb),
which are isotypic to 2 (Eu), 3 (Gd) and 5 (Dy), as
proven by powder X-ray diffraction including indexing
of the diffractograms of the latter compounds. Refine-
ments of the lattice parameters were carried out on the
diffractograms using a series of reflections with the
best possible resolution, and all led to monoclinic unit
cells. The isotypic series of [LnCl3(thz)4]·0.5thz (1–5)

1 4
Empirical formula Sm2Cl6C27H27N9S9 Tb2Cl6C27H27N9S9
Mr 1279.60 1296.73
Crystal size, mm3 0.05× 0.09× 0.18 0.07× 0.15× 0.28
Crystal system monoclinic monoclinic
Space group Pn Pn
a, Å 9.0078(6) 9.053(2)
b, Å 15.3972(10) 15.581(3)
c, Å 16.8685(11) 16.813(3)
β , deg 102.40(2) 102.25(3)
V , Å3 2285.0(3) 2317.6(8)
Z 2 2
Dcalcd., g cm−3 1.86 1.86
µ (MoKα ), cm−1 3.3 3.8
F (000), e 1251 1263
hkl range −12≤ h≤+12 −11≤ h≤+11

−21≤ k ≤+21 −20≤ k ≤+19
−23≤ l ≤+23 −21≤ l ≤+21

Refl. measured/unique/Rint 33 657/12 404/0.026 34 625/10 180/0.049
Param. refined 484 484
R(F)/wR(F2)a (all refls.) 0.0226/0.0421 0.0339/0.0720
x(Flack) (BASF of racemic 0.088(4) 0.49(2)
twin refinement)
GoF (F2)a 0.9707 1.0402
∆ρfin (max/min), e Å−3 1.63/−0.76 1.63/−0.53

a R(F) = Σ||Fo|− |Fc||/Σ|Fo|; wR(F2) = [Σw(F2
o −F2

c )2/Σw(F2
o )2]1/2, w = [σ2(F2

o )+
(AP)2 +BP]−1, where P = (Max(F2

o ,0)+2F2
c )/3 and A and B are constants adjusted by

the program; GoF = S = [Σw(F2
o −F2

c )2/(nobs−nparam)]1/2, where nobs is the number of
data and nparam the number of refined parameters.

Table 1. Crystal structure data for 1 and 4.

crystallises in the monoclinic space group Pn with
Z = 2 (Table 1 gives crystallographic data for 1 and
4). Single crystals are formed as racemic twins with
a varying ratio of the twin individuals. The structure
is non-centrosymmetric owing to the orientation of
the complexes in the crystal structure. Ln atoms ex-
hibit a distorted pentagonal-bipyrimidal coordination
polyhedron (Fig. 1) of four nitrogen atoms of four
different thiazole ligands in the equatorial plane, and
three chlorine atoms, two of them occupying the axial
positions. Distortion derives from the differences in
Ln–Cl and Ln–N distances resulting in the largest
deviation from the ideal polyhedron for the axial Cl–
Ln–Cl angle (170.2(1)◦ for Sm in 1 and 171.3(1)◦ for
Tb in 4). As expected, the axial interatomic distances
Sm–Cl (2.663(1) – 2.669(1) Å) are shorter than the
equatorial Sm–Cl distance with 2.680(1) Å. They cor-
respond with [Sm(ntb)Cl3] (ntb = tris(benzimidazol-
2-ylmethyl)amine), showing interatomic dis-
tances in the range of 2.674 – 2.713 Å [16].
The Sm–N distances in the monomers of
[SmCl3(thz)4]·0.5thz range from 2.549(2) to
2.589(2) Å and match with known Sm–N distances
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Fig. 1 (colour online). Molecular structure of [LnCl3(thz)4]·
0.5thz with displacement ellipsoids at the 50% probability
level for Ln = Sm, 1 (C8/S3, C14/S5 and C26/S9 isoposi-
tionally disordered). Distorted pentagonal-bipyramidal coor-
dination spheres of the Ln3+ ions in 1 – 5, shown for Ln = Sm
(1).

Fig. 2 (colour online). Crystal structure of [LnCl3(thz)4]·
0.5thz projected along [100] with coordination polyhedra,
here shown for Ln = Sm (1).

in [Sm(mtp)Cl2(N-MeIm)2 (THF)]·2PhMe (mtp
= 2,2′,4,4′,6,6′-hexamethyl-m-terphenyl, N-MeIm =
N-methylimidazole, THF = tetrahydrofuran, PhMe
= toluene) [17] and [Sm(N-MeIm)8]I3 (2.505 –
2.596 Å) [18] The interatomic distances for the
analogous complex [TbCl3(thz)4]·0.5thz are also in
good agreement with distances of related structures of
[Tb(tpa)Cl3], tpa = tris[(2-pyridyl)methyl]amine and
[{(tp)2Tb(µ-N3)}4]·6CH2Cl2, tp = hydrotris(pyrazol-
1-yl)borate [19, 20] and range for Tb–Cl from
2.612(1) – 2.676(1) and for Tb–N from 2.521(4) –

2.575(4) Å. Fig. 1 shows the structure of the
crystallographically independent complexes of
[LnCl3(thz)4]·0.5thz for samarium. Apparently, the
sulphur atom of the 1,3-thiazole ligand is not coor-
dinating but only the nitrogen function. 1,3-Thiazole
acts as chemical scissor, cutting the LnCl3 structure
down to monomers by adding itself as a donor ligand.
The complete crystal structure of [LnCl3(thz)4]·0.5thz
(Ln = Sm, Eu, Gd, Tb, Dy) further contains one
equivalent of non-coordinating thiazole, as shown in
Fig. 2.

Photoluminescence spectroscopy of
[LnCl3(thz)4]·0.5thz (Ln = Sm, Eu, Gd, Tb, Dy)

The series of the complexes [LnCl3(thz)4]·0.5thz
(Ln = Sm, Eu, Gd, Tb, Dy; 1–5) reveals photolumi-
nescence properties subsequent to excitation with UV
light. The emissions of all compounds are in the vis-
ible region and show the typical emission colours for
each ion (given in parentheses): Sm3+ (salmon red),
Eu3+ (red), Tb3+ (green) and Dy3+ (yellow). The
Gd3+ complex exhibits a weak blue emission. The
normalised excitation and emission spectra recorded
at room temperature are shown in Figs. 3 and 4. The
emission spectra exhibit sharp 4 f -4 f transitions for all
Ln3+ ions, except for Gd3+.

Sm3+ emissions in 1 are observed at 564 (green),
597 (orange-red), 648 (red) and 707 (red) nm, and are
assigned to the electronic transitions 4G5/2 → 6HJ/2
(J = 5, 7, 9, 11). Remarkably, the emission intensity is

Fig. 3 (colour online). Normalised solid-state excitation
spectra of [LnCl3(thz)4]·0.5thz for Ln = Sm, Eu, Gd, Tb, Dy
(1 – 5) at room temperature.
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Fig. 4 (colour online). Normalised solid-state emission spec-
tra of [LnCl3(thz)4]·0.5thz for Ln = Sm, Eu, Gd, Tb, Dy
(1 – 5) at room temperature.

quite strong for Sm3+ as it is supported by the antenna
effect of the ligand.

The emission spectrum of the Eu3+ complex 2
exhibits the five characteristic emission lines of the
metal ion. They can be assigned to 5D0→ 7Fn (n = 1,
2, 3, 4, 5) transitions, respectively. The 5D0→ 7F4
emissions at 702 and 613 nm (5D0→ 7F2) are the
strongest, the latter is also called a hypersensitive tran-
sition [21, 22]. The ratio of the intensities of the elec-
tric dipole to the magnetic dipole transitions of 3.49
for I(5D0→7F2)/I(5D0→ 7F1) indicates that the Eu3+

centres have a coordination environment of low sym-

Intra-4 f excitation transitions
Sm3+ 6H5/2→ 4H9/2, 4D3/2, 6P7/2, 4L13/2, 347, 364, 379, 408,

6P5/2+4P5/2, 4G9/2 420, 440

Eu3+ 7F0→ 5D4, 5L8, 5G3, 5G2, 5L6, 5D2 362, 365, 375, 382,
393, 400

Tb3+ 7F6→ 5H7, 5L9, 5G5, 5L10, 5G6, 5D3 318, 352, 360, 369,
374, 378

Dy3+ 6H15/2→ 4D7/2, 6P3/2, 4F5/2+4D5/2, 6P7/2, 295, 325, 337, 352,
6P5/2, 4K17/2, 4I13/2 366, 378, 386

Intra-4 f emission transitions

Sm3+ 4G5/2→ 6H5/2 – 6H11/2 564, 597, 648, 707

Eu3+ 5D0→ 7F0 – 7F6 579, 593, 615, 652,
702

Tb3+ 5D4→ 7F6 – 7F0 487, 545, 589, 623,
649, 669, 679

Dy3+ 4F9/2→ 6H11/2 – 6H9/2 485, 576, 664

Table 2. Excitation and emission
wavelengths (in nm) of the tran-
sitions of [LnCl3(thz)4]·0.5thz
(Ln = Sm, Eu, Tb, Dy).

metry [23]. Moreover, the presence of a sharp emis-
sion line for the 5D0→ 7F0 transition at 579 nm sug-
gests the presence of a single chemical environment
of one point group symmetry for Eu3+ [24]. This is
consistent with the result of the single-crystal X-ray
analysis. It is remarkable that the emission to the 7F4
state is the strongest in intensity. This observation
is in correspondence with other five-fold and seven-
fold nitrogen/chlorine coordinations and has been ob-
served for Na9[EuW10O36]·14H2O [25], 3

∞[EuCl3(1,3-
Ph(CN)2)] [26] or 2

∞[Eu2Cl6(bipy)3]·2(bipy) [27,
28], 1,3-Ph(CN)2 = 1,3-benzodintrile, bipy = 4,4′-bi-
pyridine, and explained by a strong ligand- and temper-
ature polarisability-dependent dynamic coupling (DC)
effect. Usually, the 5D0→ 7F2 transition has the high-
est intensity, while 5D0→ 7F4 is rather weak. An en-
hanced intensity of the latter can be a consequence of
the intensity parameters Ωλ in a highly polarisable en-
vironment [25, 26].

The Tb3+-containing compound 4 shows the typical
transitions between the excited 5D4 state and the 7F6−0
levels of the Tb3+ septet. The highest intensity is found
for the transition 5D4→ 7F5 at 542 nm, as expected for
a Tb3+ emission [7]. All seven transitions are present
at 487, 545, 589, 623, 649, 669, and 679 nm (Table 2).

Furthermore, for [DyCl3(thz)4]·0.5thz (5) three
emission lines at 485, 576 and 664 nm are correspond-
ing with the first excited 4F9/2 state, the 6H13/2 state
and the 6H15/2 level of the ground state of Dy3+.
Again, the antenna effect of the ligand increases the
overall intensity of the dysprosium emission.
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Although the main light absorption is observed for
the thiazole ligand, and to lesser extent for the lan-
thanide ions, almost no ligand-based emission is ob-
served for [LnCl3(thz)4]·0.5thz (Ln = Sm, Eu, Tb, Dy),
indicating a ligand-to-metal energy transfer process.
Thus, 1,3-thiazole acts as a suitable antenna for sen-
sitisation of the lanthanide-based emission according
to the following steps: (1) absorption of light by the
ligand in a transition Sn ← S0, (2) ISC (intersystem
crossing) from singlet (S) to triplet (T) levels of the lig-
and and (3) excitation energy transfer to the lanthanide
ions. It seems that a suitable energy gap between ex-
cited 4 f states of Sm3+/Eu3+/Tb3+/Dy3+ at about
25 000 – 26 000 cm−1 (Sm3+: 5L15/2 ∼ 25 650; Eu3+:
5L6 ∼ 25 400; Tb3+: 5D3 ∼ 26 273; Dy3+: 4I13/2 ∼
25 900 cm−1) [29, 30], and the lowest predicted triplet
T1 level of 1,3-thiazole (26 045 cm−1) [31] leads to an
effective sensitisation via equal energy levels, while
energy back transfer processes are avoided by reduc-
tion of the energy on the lanthanide ions to the emissive
states of Sm3+/Eu3+/Tb3+/Dy3+ (4G5/2 ∼ 17 900;
5D0 ∼ 17500; 5D4 ∼ 20 500; 4F9/2 ∼ 21 000 cm−1).

The emission spectrum of the gadolinium complex
[GdCl3(thz)4]·0.5thz (3) is a good candidate to eval-
uate the behaviour of 1,3-thiazole in the series of
complexes as it exhibits no 4 f -4 f emission but a dis-
tinct ligand-based T1 → S0 emission process from
400 – 540 nm, proving the relevance of the triplet states
present in thiazole.

The excitation spectra for [LnCl3(thz)4]·0.5thz
(Ln = Sm, Eu, Tb, Dy) display a strong ligand Sn ←
S0 excitation band in the UV range starting outside the
observable range of our spectrometer and ranging to
280 nm. Furthermore, triplet excitation with a maxi-
mum of 363 nm is observed for Gd3+. In addition, typi-
cal weak 4 f -4 f transitions for the trivalent lanthanides
Sm, Eu, Tb and Dy, and except for Gd, are observed,
for example for Eu3+ at 362, 365, 375, 382, 393, and
400 nm (corresponding transitions for the Ln3+ ions
are listed in Table 2). This confirms the sensitisation
of the Ln3+ emission by the ligand as well as by weak
direct 4 f excitation. The ratio between light absorption
of the lanthanide ion and the ligand excitation gives an
insight into the efficiency of the antenna effect. This
is most prominent for the case of Tb3+, in which the
intensity of the 4 f -excited Tb3+-centred emission is
rather low compared to the excitation triggered by the
antenna effect. In order to further evaluate the effi-
ciency of the energy transfer process, emission was

also recorded for several different ligand-based exci-
tation wavelengths (see for europium and terbium in
Fig. 4). Whereas the energy transfer is complete for ex-
citation wavelengths that give weaker excitation, rem-
nants of the ligand emission are present if the strong
light uptake of the Sn← S0 transition is used (e. g. be-
tween 250 – 265 nm). Although the energy transfer is
still active and leads to brighter emission, not all of the
absorbed energy can be utilised in the energy transfer.

In order to quantify the luminescence properties
of the complexes in the visible region, we also de-
termined the quantum yields QY of the compounds
[LnCl3(thz)4]·0.5thz (Ln = Sm, Eu, Tb). For antenna
effect-based excitation of the Ln3+ emission, the ob-
served quantum yield for Tb3+ is 25(3) % and for
Eu3+ 11(2) % (determined at λexc = 254 nm). In com-
parison, the quantum yield is almost twice as high
for longer excitation wavelengths directly deriving
from 4 f -4 f transitions on the Ln3+ ions (46(3) % for
Tb3+, determined at λexc = 378 nm; 18(2) % for Eu3+,
determined at λexc = 393 nm). In contrast, samarium
shows a much less effective energy transfer, repre-
sented by a QY of below 5%, if excited via the lig-
and at 254 nm. While the quantum yield quantifies
the efficiency of the luminescence processes, including
absorption, energy transfer and emission, the number
of photons absorbed/emitted per time unit also has to
be considered in view of the brightness of emission.
Thus, [SmCl3(thz)4]·0.5thz can show bright salmon-
red emission due to allowed and intense absorption,
although its quantum yield is low. These findings illus-
trate the necessity to evaluate quantum yield, light up-
take and energy transfer in order to classify a material.

Thermal investigation

Simultaneous DTA and TGA investigations were
conducted in inert gas to study the thermal stability of
the title complexes [LnCl3(thz)4]·0.5thz (Ln = Sm–Dy,
1–5). The results of DTA/TG match for the five com-
pounds and are depicted exemplarily for crystalline 5
(Dy) in the temperature range of 25 – 750 ◦C in Fig. 5.
The heat flow shows no less than seven signals of
which four are related to mass losses. The initial mass
loss is tied up with two endothermic signals 1 and 2
(80 ◦C, mass loss: 19.5%) and can be associated with
release of the non-coordinating thiazole as well as one
equivalent of coordinated thiazole (theoretical mass
loss: 19.5%). The remaining product decomposes sub-
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Fig. 5 (colour online). DTA/TG investigation of [LnCl3(thz)4]·
0.5thz for Ln = Dy (5).

sequently giving endothermic signals 3 (170 ◦C) and 4
(225 ◦C) with a mass loss of 13.5 and 13%, respec-
tively, that can be identified as a release of another
equivalent of coordinated thiazole in each step (theo-
retical mass loss for each step: 13%). The remaining
coordinated thiazole equivalent is lost thereafter (mass
loss of 13%), for 5 at 300 ◦C and for 6 at 370 ◦C. The
residual mass of 42% coincides approximately with
the theoretical value of DyCl3 (42%). This observa-
tion may be associated with reformation of crystalline
DyCl3. The approval of the latter interpretation is sup-
ported by the endothermic signal 7 at 630 ◦C, which
roughly corresponds with the theoretical melting point
of DyCl3 (654 ◦C) [32].

Conclusion

Thiazole complexes [LnCl3(thz)4]·0.5thz of the lan-
thanide trichlorides of samarium, europium, gadolin-
ium, terbium, and dysprosium were synthesised in
sealed ampoules by direct reaction without further
solvents. Spontaneous reaction is observed already
at room temperature, giving the first anhydrous thi-
azole complexes of the lanthanides. The products are
luminescent in the visible region, exhibiting typical
4 f -4 f emission of the trivalent lanthanide ions, ex-
cept for gadolinium and europium. Whereas Eu3+

marks the exception of a strong emission into the
7F4 state, related to the seven-fold coordination and
a ligand- and temperature polarisability-dependent dy-
namic coupling (DC) effect, Gd3+ shows no 4 f emis-
sion, but broad ligand bands. The gadolinium complex
proved to be a suitable candidate to validate the pres-

ence of excited triplet states that are likely to take part
in the energy transfer from the ligand to the metal ions
for the other lanthanides. Their emission is supported
by an antenna effect of the thiazole ligand leading to
a remarkably strong 4 f emission for Sm3+ and Dy3+.
In addition, the excitation wavelength-dependent quan-
tum yields of the solid compounds were determined,
ranging up to 48% for Tb3+.

Experimental Section

All operations were performed under inert conditions (ar-
gon atmosphere) using vacuum line, Schlenk and glove box
(MBraun, LabMaster SP and Innovative Technology, Pure
Lab) and Duran® ampoule techniques. The infrared spectra
were recorded on KBr pellets on a Thermo Nicolet 380 FT-
IR spectrometer in transmission mode using the OMNIC 32
software. Luminescence spectra were recorded with a Horiba
Jobin Yvon Spex Fluorolog 3 spectrometer equipped with
a 450 W Xe lamp, double grated excitation and emission
monochromators and a PMT at r. t., and the FLUORESSENCE

software.
The quantum yield was also recorded using a photolumi-

nescence spectrometer Horiba Jobin Yvon Spex Fluorolog 3,
equipped with a 450 W xenon lamp, double monochroma-
tors for excitation and emission, an integrating sphere (Ul-
bricht sphere) and a photomultiplier as the detector. For ex-
citation wavelengths > 330 nm, the absolute quantum yield
was determined according to Friend [33]. First the diffuse re-
flection of the sample was determined at a certain excitation
wavelength. Second, the emission was measured under ex-
citation at the same wavelength. Integration of the reflected
and emitted photons by use of the Ulbricht sphere resulted
in the absolute quantum yield. Corrections were made ac-
counting for the spectral power of the excitation source, the
reflection behaviour of the Ulbricht sphere, and the sensitiv-
ity of the detector. For excitation wavelengths < 330 nm, the
reflectivity of the Ulbricht sphere starts to be perceptibly be-
low 100% resulting in a less precise determination of the ab-
solute quantum yield. Therefore, the relative quantum yield
was determined by comparison to a reference phosphor with
a defined quantum yield. Here, Y2O3:Eu (5 mol-% Eu, YOX)
and LaPO4:Ce,Tb (45 mol-% Ce, 15 mol-% Tb, LAP) were
used as technical reference phosphors that exhibit a quan-
tum yield of 80% (red emission) [34] and 86% (green emis-
sion) [35], respectively, at λexc = 254 nm.

The powder samples were prepared in Lindemann glass
capillaries (∅ = 0.3 mm), and the powder diffractograms
were recorded on a Bruker D8 Discover Da Vinci in trans-
mission geometry with a focusing Göbel mirror and LynxEye
detector with CuKα radiation (λ = 1.54056 Å). The thermal
properties of the bulk substance were investigated by simul-
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taneous DTA/TG (Netzsch STA 409, Proteus Software), us-
ing 25 mg of sample. The sample was kept under an inert gas
atmosphere (50% Ar and 50% N2) and heated from 25 to
750 ◦C with a heating rate of 10 ◦C min. Elemental analysis
for C, H, N, and S was performed with a Vario EL (Elementar
Analysensysteme GmbH).

Synthesis of [LnCl3(thz)4]·0.5thz (Ln = Sm, Eu, Gd, Tb, Dy)
1–5

LnCl3 (0.3 mmol, (Ln: Sm = 77.0, Eu = 77.5, Gd = 79.0,
Tb = 79.5, Dy = 80.5 mg) and 1,3-thiazole (C3H3NS,
1.5 mmol, 127.5 mg) were sealed in an evacuated Duran®

glass ampoule. Highly reflecting transparent crystals are
moisture sensitive and resulted from a reaction of both
components at room temperature within 6 h. Reaction starts
immediately upon contact of the reagents. Ligand excess
was removed by evaporation under vacuum. Yield: Sm = 87
(167 mg), Eu = 92 (176 mg), Gd = 88 (172 mg), Tb = 89
(175 mg), Dy = 90 (176 mg) %. – IR (KBr, cm−1): Sm (1):
ν = 3403 (w), 3083 (m), 1653 (m), 1540 (m), 1495 (m),
1382 (m), 1312 (m), 1243 (m), 1135 (w), 1051 (s), 905 (s),
872 (m), 830 (m), 818 (m), 754 (m), 726 (w), 615(s), Eu
(2): ν = 3403 (w), 3093 (m), 1495 (m), 1381 (m), 1311 (s),
1246 (m), 1119 (m), 1050 (s), 904 (s), 872 (m), 831 (m),
821 (m), 749 (m), 726 (m), 615(s); Gd (3): ν = 3341 (w),
3080 (m), 1631 (w), 1495 (m), 1381 (m), 1310 (s), 1243
(m), 1120 (m), 1047 (s), 904 (s), 873 (m), 812 (m), 779 (w),
744 (m), 611(s); Tb (4): ν = 3403 (w), 3089 (m), 1496 (m),
1381 (m), 1311 (s), 1243 (m), 1121 (m), 1047 (m), 905 (s),
874 (m), 849 (w), 812 (s), 744 (m), 726 (m), 613(s); Dy (5):
ν = 3403 (w), 3090 (m), 1497 (m), 1381 (m), 1311 (s), 1243
(w), 1121 (m), 1049 (m), 905 (s), 873 (m), 813 (m), 744 (m),
726 (w), 613(s). – Anal. for Sm2Cl6C27H27N9S9 (1279.60):
calcd. C 25.34, H 2.13, N 9.85, S 22.55; found C 25.45,
H 2.29, N 9.97, S 22.29; Eu2Cl6C27H27N9S9 (1282.81):
calcd. C 25.28, H 2.12, N 9.83, S 22.50; found C 25.83,
H 2.24, N 9.89, S 22.38; Gd2Cl6C27H27N9S9 (1293.38):
calcd. C 25.07, H 2.10, N 9.75, S 22.31; found C 24.56, H
2.43, N 9.27, S 21.97; Tb2Cl6C27H27N9S9 (1296.73): calcd.
C 25.01, H 2.10, N 9.72, S 22.26; found C 25.32, H 2.13,

N 9.71, S 22.73; Dy2Cl6C27H27N9S9 (1303.88): calcd. C
24.87, H 2.09, N 9.67, S 22.13; found C 25.19, H 2.43, N
9.77, S 22.90.

X-Ray structure determinations

Single crystals of [LnCl3(thz)4]·0.5thz (Ln = Sm, Tb,
1, 4) were selected for X-ray investigations and mixed
with high-viscosity perfluorinated ether (99.9%, ABCR).
Data collection for the compounds is carried out for 4
(Tb) on a Bruker AXS Smart Apex I CCD diffractometer
with graphite monochromator at 173 K (MoKα radiation;
λ = 0.71073 Å) and for 1 (Sm) on an Enraf Nonius &
Bruker AXS ApexII CCD diffractometer with graphite
monochromator at 100 K (MoKα radiation; λ = 0.71073 Å),
using the Bruker AXS SMART Software package [36].
Further data processing used XPREP [37]. The structures
were solved by Direct Methods using SHELXS-97 [38] and
refined using SHELXL-97 [38] on the graphical platform
OLEX2 [39]. Integrity of symmetry was checked using
PLATON [40]. For both compounds, all non-hydrogen atoms
were refined anisotropically by least-squares methods, and
all hydrogen atoms were added with geometrical constraints
regarding their positions. Both isotypic compounds crys-
tallise as racemic twins in the monoclinic space group Pn.
The terminal coordination of the thiazole ligands gives them
a certain freedom regarding the positions of the opposite C
and S atoms, represented by a lack of order of ring positions
3 and 4. This was described by refinement of mixed posi-
tions for C and S in an isopositional disorder of the atomic
positions in three thiazole rings: (for [SmCl3(thz)4]·0.5thz
(1): (N3-C7-C8/S8A-S3/C3A-C9), (N5-C13-C14/S14A-
S5/C5A-C15) and (N9-C25-C26/S26A-S9/C9A-C27) (for
[TbCl3(thz)4]·0.5thz (4): (N3-C7-C8/S8A-S3/C3A-C9),
(N8-C22-C23/S23A-S8/C8A-C24) and (N9-C25-C26/
S26A-S9/C9A-C27)).

CCDC 969259 for Sm (1) and 969260 for Tb (4) con-
tain the supplementary crystallographic data for this paper.
These data can be obtained free of charge from The Cam-
bridge Crystallographic Data Centre via www.ccdc.cam.ac.
uk/data_request/cif.
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