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Abstract

The synthesis, thermal and spectroscopic properties of 28 rare-earth containing stilbazolium dyes are described. The complexes are
prepared by reaction of the corresponding stilbazolium bromide (hemicyanine bromide) with a lanthanide salt and with a pyrazolone or a
B-diketone. The bromide is replaced by a tetrakis pyrazolonato or by a tetrakis p-diketonato lanthanide(lll) counter ion. [0 2000
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1. Introduction

Stilbazolium dyes (also called hemicyanine dyes) with
halide counter ions were the subject of several studies,
because of the nonlinear optical properties of these com-
pounds [1-3]. The nonlinear optical effects are observed
both in solution and in organised systems such as Lang-
muir—Blodgett films or single crystals. Wang et a. [4]
synthesised stilbazolium dyes with a lanthanide complex
acting as the counter ion, instead of a bromide (Fig. 1).
The use of a dysprosium complex as the counter ion not
only improved the film-forming properties, but also led to
higher values for the second-order hyperpolarisability .
The group of C.H. Huang prepared several anaogous
stilbazolium complexes, with different p-diketonate lig-
ands and lanthanide(l11) ions [5-10]. Another interesting
property of this type of compounds, besides the nonlinear
optical properties, is the generation of a photoelectrical
signal. A double lipid membrane doped with a'Y b-complex
containing the stilbazolium (hemicyanine) chromophore
shows a small electric current through the membrane when
illuminated with a continuous light source [11].

In this paper, we describe the synthesis of 28 stil-
bazolium dyes containing rare-earth ions. More particu-
larly, we varied the chain length of the alkyl chain of the
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gtilbazolium chromophore and we varied the lanth-
anide(l11) ion and the ligand in the anionic complex. The
aim of this study is to determine the influence of these
substitutions on the spectroscopic and thermal properties of
these metal complexes. We investigated how the melting
points of the complexes change as a function of the
lanthanide contraction and as a function of the chain
length. The change of the spectroscopic properties upon
changing the pyrazolone by the B-diketone 1,3-diphenyl-
1,3-propanedione was investigated. A strong solvato-
chromism was observed for the dyes dissolved in different
organic solvents. Evidence was sought for the observabili-
ty of f—f transitions in the presence of the broad strong
absorption by the organic ligands in the visible part of the
spectrum.
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Fig. 1. Stilbazolium dye with a tetrakis(pyrazolonato)dysprosium(l1l)
complex as the counter ion. Synthesised by Wang et al. [4].
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Table 1

Overview and analytical results of the stilbazolium dyes with Ln(PMBP), counter ions®

CHg,
Ny :
CHY \—</:>N—R [Ln(PMBP)4]
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No. Ln R %Ln° %C® %H" %N" Yield (%) m.p. (°C)
7 Eu C.Hae n.d. (9.0)° 68.9 (69.2) 5.8 (5.8) 8.2(8.3) 74 157
8 Gd CoHae 9.8 (9.3) 68.6 (69.0) 5.6 (5.8) 8.2(8.3) 76 161
9 Tb CoHae nd. (9.4) 68.7 (69.0) 5.7 (5.8) 8.2(8.3) 37 157

10 La CeHas nd. (8.2) 69.8 (70.0) 5.6 (6.0) 8.0(8.3) 53 141

1 Ce C,Has nd. (8.3) 69.9 (70.0) 5.9 (6.0) 8.0(8.2) 61 152

12 Pr CeHas 8.1 (8.3) 69.9 (70.0) 6.1(6.0) 8.1(8.2) 73 149

13 Nd CeHas nd. (85) 69.4 (69.8) 5.9 (6.0) 8.2(8.2) 20 155

14 Sm C,Has 9.0 (8.8) 69.4 (69.6) 5.9 (6.0) 8.0(8.2) 69 159

15 Eu CeHas nd. (8.9) 69.3 (69.5) 5.9 (6.0) 8.1(8.2) 40 162

16 Gd CeHas 8.9 (9.2) 69.0 (69.3) 6.1(5.9) 8.1(8.2) 65 162

17 Tb C,Has nd. (9.3) 69.1 (69.2) 5.9 (5.9) 8.0(8.2) 65 164

18 Dy CeHas nd. (9.4) 68.9 (69.1) 5.7 (5.9) 7.9(8.1) 75 167

19 Ho CeHas 9.4 (9.6) 68.5 (68.9) 5.7 (5.9) 7.9(8.1) 46 163

20 Er C,Has 9.5 (9.7) 68.5 (68.9) 5.8 (5.9) 8.1(8.1) 63 165

21 m CeHas nd. (9.8) 68.5 (68.8) 5.7 (5.9) 7.9(8.1) 2 163

2 Yb CeHas 10.4 (10.0) 68.5 (68.7) 5.8 (5.9) 7.9(8.1) 52 160

23 Lu C,Has 10.6 (10.1) 68.6 (68.6) 6.0 (5.9) 8.1(8.1) 65 161

24 Nd CHo, nd. (8.3) 70.1(70.1) 5.9 (6.1) 7.9(8.1) 78 154

25 Eu CHs nd. (8.7) 70.1 (69.8) 6.0 (6.1) 7.9(8.1) 66 163

26 Gd CHo, 9.5 (9.0) 70.0 (69.6) 5.8 (6.1) 7.8(8.0) 64 163

27 Tb CHo, 9.4 (9.1) 69.8 (69.5) 5.7 (6.1) 7.8(8.0) 71 170

# PMBP= 1-phenyl-3-methyl-4-benzoyl-5-pyrazolonato group.
® Calculated values in parentheses.
“n.d.: not determined.

2. Results and discussion

An overview of the complexes can be found in Tables 1
and 2. The stilbazolium bromides 4—6 are synthesised by a
two-step reaction (Scheme 1). During the first step, an
alkyl chain is attached to the nitrogen atom of 4-picoline
(4-methylpyriding). 4-Picoline is heated at reflux with an
n-bromoalkane in ethanol. The crude product is crys
tallised twice from a mixture of diethyl ether:ethanol. The
resulting N-alkyl-4-methylpyridinium bromides 1-3 are

Table 2

condensed with 4-dimethylaminobenzaldehyde via a
Knoevenagel-type reaction. The reagents are heated in
absolute ethanol, with piperidine as the catalyst. The crude
stilbazolium bromides are crystallised twice from a mix-
ture ethanol:hexane. Only the trans-product (E) is formed.
There is no evidence for the formation of the cis-product,
probably because of steric hindrance by the aromatic
groups. The N-alkyl-methylpyridinium bromides 1-3 are
white powders, whereas the stilbazolium bromides 4-6
have a very intense orange—red colour. The products are

Overview and analytical results of the stilbazolium dyes with Ln(DBM), counter ions®

O :
CH{ \——@NlR [LnoBM), ]

No. Ln R %Ln® %C" %H" %N" Yield (%) m.p. (°C)
28 Eu CoHa n.d. (10.4)° 72.6 (72.9) 6.0 (6.1) 1.9 (1.9) 74 213
29 Tb C.Hae 10.4 (10.8) 72.6 (72.5) 5.9 (6.1) 2.0 (1.9) 66 218
30 Eu CyHas 10.7 (10.2) 72.6 (73.1) 6.0 (6.3) 1.8(1.8) 78 202
31 Gd CuHas n.d. (10.5) 72.2(72.9) 6.0 (6.2) 1.7 (1.9) 72 206
32 Tb CeHas 11.1 (10.6) 72.4 (72.8) 6.0 (6.2) 1.8(1.9) 54 206
33 Eu C,Hs, 10.1 (10.0) 73.0 (73.4) 6.2 (6.4) 1.7 (1.8) 77 213
34 Tb CHs, n.d. (10.4) 72.8 (73.0) 6.3 (6.4) 1.8 (1.8) 86 218

 DBM = dibenzoylmethanato or 1,3-diphenyl-1,3-propanedionato group.
® Calculated values in parentheses.
°n.d.: not determined.
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Scheme 1. Synthesis of the stilbazolium bromides. Experimental conditions: (g) ethanol (reflux, 24 h); (b) ethanol (reflux, 4 h); piperidine (catalyst).

characterised by NMR, IR-spectroscopy and CHN micro-
analysis.

The lanthanide complexes 7—-34 were synthesised by
reaction of the corresponding stilbazolium bromide with a
lanthanide salt and with the pyrazolone, 4-benzoyl-3-
methyl-1-phenyl-2-pyrazolin-5-one or with the B-diketone,
1,3-diphenyl-1,3-propanedione (dibenzoylmethane, DBM).
First the pyrazolone or the B-diketone was deprotonated by
an equivalent amount of NaOH. Then, the lanthanide salt
and the stilbazolium bromide were added to the deproto-
nated pyrazolone or B-diketone. Addition of the lanthanide
salt was done dropwise. The molar ratio of pyrazolone (or
B-diketone):stilbazolium  bromidellanthanide salt  was
4:1:1. For the lanthanide salt, one can either use the
hydrated nitrate or the hydrated chloride salt. All the
reactions were done in ethanol. The lanthanide complexes
were characterised by CHN microanalysis and by IR
spectroscopy. The lanthanide content of a selected number
of complexes was determined gravimetrically as the 8-
hydroxyquinoline complex. The analysis results revealed
that the complexes are anhydrous and that four pyrazolone
or B-diketone ligands and one dtilbazolium group are
present for each lanthanide ion.

The stilbazolium bromides 4—6 are thermotropic liquid
crystals, forming a smectic A (SmA) mesophase. The
mesomorphic behaviour of these compounds is described
in detaill elsewhere [12]. The meta complexes 7-34
synthesised by replacing the bromide ion of the stil-
bazolium bromides 4-6 by the bulky tetra
kis(pyrazolonato)lanthanide(ll1) or the tetrakis(p-di-
ketonato)lanthanide(111) anions do not show mesophases,
but have a single melting point. For the complexes based
on the pyrazolone, the melting point increases sharply in

the beginning of the lanthanide series, but remains rather
constant over the second half of the lanthanide series. lonic
liquid crystals possess a strong tendency to form smectic
mesophases, i.e. molecular organisation in layers, because
of the electrostatic attraction. Therefore, the formation of a
smectic A mesophase by the stilbazolium bromides 4-6 is
explainable. However, the lanthanide-containing anions are
too bulky to maintain the organisation of the cationic
stilbazolium molecules in layers and with their molecular
long axis parallel to each other. Because of the absence of
the necessary conditions for molecular organisation, no
mesophase can be formed.

The absorption spectra of the stilbazolium bromide
ligand 5 and of the lanthanide complexes 10, 16, 23 and 31
were recorded in different organic solvents. The solvents
were chosen in such a way that both polar and apolar,
protic and aprotic solvents were present: acetone, acetoni-
trile, 1-butanol, 2-butanone, chlorobenzene, chloroform,
1,2-dichloroethane, dichloromethane (DCM), 1,4-dioxane,
dimethylsulphoxide (DMSO), ethanol, methanol, 1-penta-
nol, 1-propanol, pyridine, tetrahydrofuran (THF). None of
the compounds was soluble in water or in toluene. The
colour of the solutions ranges from yellow to intense
orange red, depending on the solvent used (yellow in THF,
orange—red in DCM). This is an evidence for the solvato-
chromic properties of the compounds containing the
stilbazolium chromophore. The spectra in the visible
region are very comparable for both the stilbazolium
bromides and the lanthanide complexes. In Fig. 2, the
absorption spectra of the stilbazolium bromide 5 and of the
lanthanide complexes 10 and 31 in chloroform are shown.
The colour of the solutions is due to an intense charge
transfer band at 497 nm in the stilbazolium bromide 5, and



128 K. Binnemans / Journal of Alloys and Compounds 303—304 (2000) 125-131

80000

' e
300 400

T T T T
500 600 700

wavelength (nm)

Fig. 2. Absorption spectra of the stilbazolium bromide 5 and of the lanthanide complexes 10 and 31 in chloroform.

between 493 and 496 nm for the lanthanide complexes.
Fig. 3 shows the absorption spectra of the La-compound 10
in different solvents. The € values vary between 39 000
and 44 000 | mol ~* cm™*. Depending on the solvent, the
peak maximum can move over more than 50 nm [13]. The
charge transfer band originates from charge transfer from
the anionic lanthanide complex to the cationic stilbazolium
chromophore. In the UV part of the spectrum, a w-=w*
transition due to the aromatic groups is observed [14]. This
- * trangition is much more intense for the lanthanide
complexes than for the stilbazolium bromide. Depending
on the solvent, the e values of this transition range
between 8700 and 12200 Imol *cm™* for the stil-
bazolium bromide 5 and between 68 400 and 84 500

I mol ~*cm™* for the La-complex 10. This increase is due
to the aromatic rings of the pyrazolone groups. Thus, the
- a* transition is more intense than the charge transfer
band in the lanthanide complexes, but not in the stil-
bazolium bromide 5. For the complex with the B-diketone
ligand, the - «* transition is shifted to longer wave-
lengths in comparison to the complexes with the
pyrazolone ligand. In solvents which are transparent to
wavelengths smaller than 250 nm, a third transition can be
observed in the solution spectra of the complexes. This
transition is assigned to a n—a* transition within the
carbony! groups. Depending on the solvent, the e values of
this transition range between 61400 and 77500
I mol ~*cm™* for the La-complex 10 and between 45 400
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Fig. 3. Absorption spectra of the La-complex 10 in chloroform, THF, dichloromethane (DCM) and methanol (conc. 1.0X107° M).
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and 66 300 I mol"*cm™* for the Gd-complex 31. The
nature of the lanthanide ion has a negligible influence on
the spectral behaviour: La>* can be replaced by Gd>* or
Lu®" without significantly changing the spectroscopic
properties.

It is very difficult to observe the f—f transitions of the
trivalent lanthanide ions in these complexes, because of the
very strong light absorption by the organic ligands in
comparison to the very weak Laporte forbidden f—f
transitions. Whereas for the absorption spectra of the of the
ligands we typically used a concentration of 1.0X10 > M
and an optical path length of 1.0 cm, an absorption cell of
10 cm was necessary to observe the f—f transitions at
concentration of 0.01 M. Under these conditions, the
ligand cut-off is observed at ca 620 nm. Only a limited
number of trivalent lanthanide ions possess intense absorp-
tion bands in the 600 to 1000 nm spectral region: Nd**,
Dy®", Ho®*", Er®" and Tm>". Detection of f—f transitions
further to the infrared is impossible because of overtones
of vibrational transitions in the complexes and in the
solvents. The dipole strength of the transition (expressed in
Debye®) was extracted from the absorption spectrum,
using the formula:

1 [AD)
D =08.9cCd f —, v 1)

where C is the concentration of the lanthanide ion
(mol I™%), d is the optical path length (cm), A is the
absorbance [A= —log(l/1,)] and v is the wavenumber
(cm™). The absorbance is related to the molar absorptivity
e via Lambert—Beer's law: A= eCd. The intensity results
for the Nd-complex 13 in chloroform are summarised in
Table 3. Because of the limited number of transitions
observed in the spectrum, it was not possible to extract a
reliable set of the Judd—Ofelt intensity parameters (2,
(A=2, 4 and 6) [15-17]. We compared the intensities of
the transitions we could observe with the intensities of the
corresponding transitions of the Nd** ion in agueous
solution [18]. Because the ratios Dompiex/Daquo VAY
between 1.2 and 2.0, we can conclude that the intensity of
the transitions of the complexes are comparable with that
of the neodymium ion in water. It was impossible to
observe the hypersensitive transition *G,,’G,,, « ‘ly,,
at circa 17 200 cm™*. The luminescence spectrum of the
Eu(lll) complex 15 dissolved in dichloromethane (con-
centration of the solution was 1.0X 10~ * M) was recorded.
By excitation at 521 nm, the solution showed a very strong

red luminescence. However, we didn't observe the emis
sion line typical for the trivalent europium ion, but a
broad-band spectrum due to luminescence by the til-
bazolium group. The same luminescence spectrum was
observed for a solution of the stilbazolium bromide 5 in
dichloromethane.

3. Conclusions

We synthesised 28 rare-earth complexes containing the
stilbazolium chromophore, by replacing the bromide ion in
the corresponding stilbazolium bromides by a tetrakis
pyrazolonato or by a B-diketonato lanthanide(l11) counter
ion. All the complexes melt directly to an isotropic liquid,
without passing through a mesophase. The melting point
increases sharply in the beginning of the lanthanide series,
and remains constant over the second half of the series.
The rare-earth complexes dissolved in organic solvents
show strong solvatochromism (yellow to orange colour).

4. Experimental details
4.1 General

*H NMR spectra were recorded on either a Bruker WM
250 (250 MHZ) or a Bruker AMX 400 spectrometer (400
MHz). CDCl; was used as the solvent and tetra-
methylsilane (TMS) as internal standard. The §-values are
expressed in ppm. IR spectra were recorded on a Bruker
FTIR spectrometer IFS66, using the KBr-pellet technique.
CHN microanalysis data were obtained at the Universities
of Exeter (UK) or Sheffield (UK). The rare-earth content
in the complexes was determined gravimetrically as de-
scribed in Section 4.3. Transition temperatures were
determined by differential scanning calorimetry (DSC)
with a Mettler—Toledo DSC821e module. The samples
were heated or cooled at a constant rate of 10°C min™".
Optical textures were observed with an Olympus BX60
polarising microscope with a Linkam TMS600 hot stage
and a Linkam TMS93 temperature-controller. Absorption
spectra were recorded at room temperature on a Shimadzu
UV-3100 spectrophotometer, and luminescence spectra on
a Shimadzu RF-5000 spectrofluorimeter.

Table 3

Transitions observed in the absorption spectrum of neodymium(l11) complex 13 in chloroform

Transition Wavenumber (cm ™) Dipole strength D (Debye?) Deomprex/ Daguo
4Fa/z < 4|9/2 11 420 53x10* 2.03

®Hy,00 *Feyn « ‘o 12 440 17.5x10°* 1.31
4F7/2'4$3/2 - 4'9/2 13430 16.2x10°* 1.19

Forz = "losa 14570 1.0x10°* 157
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4.2, Synthesis

4.2.1. 1-Tetradecyl-4-methylpyridinium bromide 1

Heat a mixture of 4-picoline (0.20 mol, 18.63 g) and
1-bromotetradecane (0.22 mol, 61.00 g) for 24 h at reflux
in absolute ethanol (30 ml). Cool the mixture to ambient
temperature, filter on a Bichner funnel and wash with
diethyl ether (75 ml). Crystallise the crude product twice
from diethyl ether:ethanol. Filter the purified product and
wash with diethyl ether (2X2100 ml). Dry in vacuo.
Product 1 is obtained as white crystals in 83% yield (61.8
g) — 'H NMR (8, CDCl, 400 MH2): 0.86 (t, 3 H, CH.),
1.27 (m, 22 H, (CH,),,), 2.00 (quintet, 2 H, CH,), 2.67 (s,
3 H, CH;-aryl), 492 (t, 2 H, N"CH,-), 7.89 (d, 2 H,
H-aryl, J,=6.5 Hz), 9.31 (d, 2 H, H-aryl, J,=6.5 Hz) —
m.p. 77°C (diethyl ether:ethanol) — Ana. C,,H,.BrN
M,,=37042 ¢ mol ~*): Found C, 64.61; H, 10.22; N,
3.61%. Cadlc. C, 64.85; H, 9.80; N, 3.78%.

4.22 1-Hexadecyl-4-methylpyridinium bromide 2

Same procedure as for 1, but with 1-bromohexadecane
(0.22 mol, 67.17 g). Product 2 is obtained as white crystals
in 85% yield (67.8 g) — ‘H NMR (8, CDCl,, 250 MH2):
0.89 (t, 3 H, CH,), 1.26 (m, 26 H, -(CH,),5), 2.04 (m, 2
H, CH,), 2.69 (s, 3H, CH,-aryl), 4.92 (t, 2H, N"CH, ),
7.94(d, 2 H, H-aryl, J,=6 Hz), 9.39 (d, 2 H, H-aryl, J,=6
Hz) — m.p. 83°C (diethyl ether:ethanol) — Ana.
C,,H,,BrN (M, =398.47 gmol *): Found C, 66.20; H,
10.32; N, 3.37%. Cdlc. C, 66.31; H, 10.12; N, 3.52%.

4.2.3 1-Octadecyl-4-methylpyridinium bromide 3

Same procedure as for 1, but with 1-bromooctadecane
(0.22 mol, 73.35 g). Product 3 is obtained as white crystals
in 95% yield (81.4 g) — ‘H NMR (8, CDCl,, 400 MH2):
0.86 (t, 3 H, CH;), 1.26 (m, 30 H, -(CH,),s), 2.10
(quintet, 2 H, CH,), 2.67 (s, 3 H, CH-aryl), 4.92 (t, 2 H,
N"CH,-), 7.90 (d, 2 H, H-aryl, J,=6.5 Hz), 9.34 (d, 2 H,
H-aryl, J,=6.5 HZ) — m.p. 93°C (diethyl ether:ethanol)
— Ana. C,,H,,BrN (M, =426.52 gmol *): Found C,
67.34; H, 10.31; N, 3.23%. Cdlc. C, 67.58; H, 10.40; N,
3.28%.

4.24. (E)-N-Tetradecyl-4-(N",N"-
dimethylamino)stilbazolium bromide 4

Add piperidine (5 ml) to a mixture of 1 (0.05 mol, 18.52
g) and 4-dimethylaminobenzaldehyde (0.05 mol, 7.46 g) in
absolute ethanol (75 ml). Reflux for 4 h with stirring and
under dry nitrogen atmosphere. Cool the mixture to
ambient temperature and chill in a salted ice bath. Filter
the precipitate and wash with cold absolute ethanol (2<50
ml). Crystallise twice from a ethanol:heptane (1:1) mix-
ture, filter and wash with cold absolute ethanol (2<20 ml).
Product 4 is obtained as a orange—red crystalline powder
in 58% yield (14.5 g) — *H NMR (8, CDCl,, 400 MH2):
0.88 (t, 3H, CH,), 1.28 (m, 22 H, (CH,),,), 1.92 (quintet,
2 H, CH,), 3.06 (s, 6 H, (CH,),N), 4.64 (t, 2 H, N"CH,),

6.67 (d, 2 H, aryl-H, J,=9 H2), 6.85 (d, 1H-CH=,
Jyane=16 H2), 7.51 (d, 2 H, H-aryl, J,=9 Hz), 7.67 (d, 1
H, -CH=, J,...=16 H2), 7.87 (d, 2 H, aryl-H, J,=7 H2),
8.94 (d, 2 H, H-aryl, J,=7 Hz) — IR (cm™*, KBr): 3019
(W), 2912 (s), 2848 (9), 1639 (s, dkene C=C), 1569 (w, aryl
C=C), 1517 (m, aryl C=C), 1466 (9), 1376 (w), 1319 (W),
1179 (m), 1042 (m), 826 (m), 708 (m), 553 (W) — Anal.
C,oH,sBrN, (M, =501.59 gmol *): Found C, 69.05; H,
9.38; N, 5.20%. Calc. C, 69.44; H, 9.04; N, 5.58%.

4.2.5. (E)-N-Hexadecyl-4-(N’,N"-
dimethylamino)stilbazolium bromide 5

Same procedure as for 4, but now starting with 2 (0.05
mol, 19.92 g). Product 5 is obtained as a orange-red
crystalline powder in 71% yield (18.8 g) — *H NMR (5,
CDCl,, 400 MH2): 0.87 (t, 3 H, CH;), 1.26 (m, 26 H,
(CH,),5), 1.93 (quintet, 2 H, CH,), 3.06 (s, 6 H,
(CH,),N), 4.64 (t, 2 H, N"CH,), 6.68 (d, 2 H, aryl-H,
J,=9 H2), 6.86 (d, 1 H,-CH=, J,,..=16 H2), 7.52 (d, 2
H, H-aryl, 3, =9 Hz), 7.62 (d, 1 H, CH=, J,,,,.=16 H2),
7.88(d, 2H, aryl-H, J,=7 Hz2), 894 (d, 2 H, H-aryl, J,=7
Hz) — IR (cm™*, KBr): 3000 (w), 2912 (s), 2852 (m), 1641
(m, alkene C=C), 1591 (s, aryl C=C), 1526 (s, aryl C=C),
1467 (m), 1430 (m), 1362 (m), 1330 (M), 1161 (9), 827 (w),
717 (w), 518 (w) — Ana. C;H,BrN, (M, =529.65
gmol *): Found C, 69.94; H, 9.75; N, 4.88%. Calc. C,
70.30; H, 9.32; N, 5.29%.

4.2.6. (E)-N-Octadecyl-4-(N’,N"-
dimethylamino)stilbazolium bromide 6

Same procedure as for 4, but now starting with 3 (0.05
mol, 21.33 g). Product 6 is obtained as an orange-red
crystalline powder in 74% yield (20.6 g) — *H NMR (5,
CDCl,, 400 MHz): 0.88 (t, 3 H, CH,), 1.24 (m, 30 H,
(CH,)s), 1.95 (quintet, 2 H, CH,), 3.06 (s, 6 H,
(CH,),N), 4.65 (t, 2 H, N"CH,), 6.67 (d, 2 H, aryl-H,
J,=9 Hz), 6.85 (d, 1 H,-CH=, J,,..=16 H2), 7.52 (d, 2
H, H-aryl, 3,=9 H2), 7.67 (d, 1 H, -CH=, J,,..=16 H2),
7.88(d, 2H, aryl-H, J,=7 Hz), 894 (d, 2 H, H-aryl, J,=7
Hz) — IR (cm™*, KBr): 3009 (w), 2912 (s), 2852 (m), 1641
(m, alkene C=C), 1592 (s, aryl C=C), 1530 (m, aryl C=C),
1469 (m), 1434 (w), 1368 (m), 1328 (m), 1161 (m), 831
(w), 716 (w), 549 (w) — And. C,;H,BrN, (M,,=557.70
gmol 1): Found C, 70.29; H, 9.81; N, 4.98%. Calc. C,
70.07; H, 9.58; N, 5.02%.

For the synthesis of the lanthanide complexes, we give
two typica examples. All the other complexes were
synthesised in an analogous manner:

4.2.7. (E)-N-Hexadecyl-4-(2-(4-
dimethylaminophenyl Jethenyl Jpyridinium tetrakis(4-
benzoyl-3- methyl- 1-phenyl- 2-pyrazolonato)
lanthanum(111) 10

Add compound 5 (2 mmol, 1.06 g), NaOH (8 mmoal, 2
M solution) and La(NO,),-6 H,0O (2 mmol, 0.88 g) to a
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solution of 4-benzoyl-3-methyl-1-phenyl-2-pyrazolin-5-one
(8 mmol, 2.23 g) in absolute ethanol (40 ml). Heat at
reflux for 30 min with stirring. Cool the reaction mixture to
room temperature and chill in a salted ice bath. Filter the
precipitate on a Bichner and wash the precipitate with
cold, absolute ethanol (2X50 ml). Crystallise the crude
product from ethanol:water (1:1). Dry in vacuo. A dark red
solid is obtained in a yield of 53% (1.78 g) — IR (cm ™,
KBr): 3060 (w), 2922 (m), 2853 (w), 1638 (m, alkene
C=C), 1610 (s, C=0 stretch), 1591 (s, C=N stretch), 1573
(s, aryl C=C dtretch), 1527 (m, C=C stretch), 1475 (s, C=0
stretching and CH bending), 1430 (m), 1397 (w), 1365 (m),
1323 (w), 1230 (w), 1156 (s), 1054 (m), 947 (m), 836 (M),
757 (m), 697 (m), 604 (m) — m.p. 141°C — And.
CooH10NoOsLa (M, =1697.86 gmol *): Found C,
69.83; H, 6.09; N, 8.03%. Cac. C, 70.04; H, 6.00; N,
8.25%.

4.2.8 (E)-N-hexadecyl-4-(2-(4-
dimethylaminophenyl Jethenyl Jpyridinium tetrakis(Z,3-
diphenyl- 1,3-propanedionato) gadolinium(111) 31

Add compound 5 (2 mmol, 1.06 g), NaOH (8 mmoal, 2
M solution) and Gd(NO,),-5 H,0O (2 mmol, 0.87 g) to a
solution of 1,3-diphenyl-1,3-propanedione (8 mmol, 1.79
g) in absolute ethanol (70 ml). A crystalline precipitate is
formed. Heat for 30 min at reflux with stirring. Cool the
mixture to room temperature and chill in a salted ice bath.
Filter the precipitate and wash the precipitate with cold
ethanol (2X50 ml). Crystallise the product from 2-
butanone:acetone (1:1). Dry in vacuo. Yield: 72% (2.20 g)
— IR (em™*, KBr) 3057 (w), 2928 (w), 2850 (w), 1645 (w,
alkene C=C dtretch), 1592 (s, C=0 stretch), 1554 (s, aryl
C=C dtretch), 1516 (s, C=C stretch of B-diketone), 1463
(9), 1424 (9), 1367 (w), 1309 (w), 1286 (w), 1214 (w), 1165
(m), 1065 (w), 1022 (w), 955 (w), 720 (m), 680 (M), 604
(w), 513 W) — Ana. CyHgN,O0,Gd (M, =1499.91
gmol %): Found C, 72.87; H, 5.99; N, 1.73%. Calc. C,
72.47; H, 6.25; N, 1.87%.

4.3 Determination of rare earths in the complexes

The rare-earth content of the complexes was determined
gravimetrically with 8-hydroquinoline [19]. A genera
procedure is. Aliquots of the complexes are weighted, so
that in each batch between 15 and 20 mg of the rare earth
is expected. The weighted amount of the complex is
decomposed in 20 ml of a mixture of concentrated H,SO,
and concentrated H,O, (in 1:1 ratio). Be careful! After
decomposition of the complex, the solution is heated to
expel the excess of H,0,. The solution is cooled to room
temperature, 50 ml of water is added, together with 5 ml of
a 8-hydroxyquinoline solution (3% solution in ethanal).
After addition of a slight excess of 6 M NH, (faint odour
of NH;), a green brown precipitate is formed. The solution
is heated for 5 min at 100°C, followed by digestion for 1 h.

The precipitate is collected in a weighted Gooch crucible
placed on a bichner funnel and the precipitate is washed
thoroughly with water. The crucibles are heated in an oven
at 130°C to constant weight. The rare-earth content in the
complex is determined from the mass of the Ln(CyH4NO),
complex.
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