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Abstract Maleic anhydride was modified by long chain
alcohol (1-hexadecanol, 1-octadecanol and 1-eicosanol) to
a novel sort of corresponding long monoester mono-L cis-
butene dicarboxylate (L = hexadecyl, octadecyl and eico-
syl), i.e. monohexadecyl cis-butene dicarboxylate (MAH),
monooctadecyl cis-butene dicarboxylate (MAO), and mo-
noeicosyl cis-butene dicarboxylate (MAE), respectively.
Then the some novel ternary lanthanide (Eu3+, Tb3+) com-
plexes with the as-derived long chain monoester and as-
sistant nitrogen-heterocyclic ligands (2,2’-bipyridyl (bipy)
and 1,10-phenanthroline (phen)) were synthesized and char-
acterized by elemental analysis and IR spectra. The pho-
tophysical properties of these complexes were studied in
detail with ultraviolet absorption spectra, luminescent exci-
tation and emission spectra and luminescent lifetimes, in-
dicating that the intramolecular energy transfer mechanism
runs smoothly within these ternary complexes in terms of
sensitized functions of bipy and phen and strong charac-
teristic red or green emissions of Eu3+ or Tb3+ have been
achieved.
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Introducion

Lanthanide complexes have received much attention because
of their interesting photophysical properties which have po-
tential applications in the luminescent probes or labels for
chemical or biological macromolecules [1, 2] and the ac-
tive center for luminescent materials [3, 4] or electrolumi-
nescent devices [5, 6]. Considerable studies have been fo-
cused on the design and assembly of lanthanide complexes
with organic ligands such as aromatic carboxylic acids, β-
diketones, cryptands, calixarenes and heterocyclic ligands,
etc. These organic molecules possess strong absorption of
ultraviolet light and then occur an effective intramolecular
energy transfer process to central lanthanide ions [7–12].
For binary complexes, it was found that most β-diketone
derivatives are more suitable for luminescence of Eu3+ while
most aromatic carboxylic acids are more suitable for the lu-
minescence of Tb3+ [7–15]. We also have studied the en-
ergy match and intramolecular energy transfer mechanism
in ternary lanthanide complexes with aromatic carboxylic
acids and 1,10-phenanthroline in details [16, 20], indicating
there still exist intramolecular energy transfer mechanism
between ligands (i.e. from aromatic carboxylic acids and
1,10-phenanthroline). On account of the energy match and
energy transfer mechanism, it can be realized to predict the
luminescent properties of lanthanide complexes. Phthalate
or aminobenzoate derivative have been found to exhibit fa-
vorable properties of luminescence and film formation [21,
22].

In this context, using maleic anhydride as staring mate-
rial, three kinds of long chain alcohol (1-hexadecanol, 1-
octadecanol and 1-eicosanol) were grafted to achieve their
long monoester mono-L cis-butene dicarboxylate (L =
hexadecyl, octadecyl and eicosyl), i.e. monohexadecyl cis-
butene dicarboxylate (MAH), monooctadecyl cis-butene
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dicarboxylate (MAO), and monoeicosyl cis-butene dicar-
boxylate (MAE), respectively. The corresponding ternary
lanthanide (Eu3+, Tb3+) complexes with these long chain
monoester ligands and nitrogen heterocyclic ligands (2,2’-
bipyridyl (bipy) and 1,10-phenanthroline (phen)) were syn-
thesized and characterized. The photophysical properties for
these long esters and their lanthanide complexes were studied
in detail, which can be expected to have practical application
to fabricate the Langmuir-Blodgett films.

Experimental

Synthesis of monoester mono-L cis-butene dicarboxylate
by the modification of maleic anhydride

Maleic anhydride(1.96 g / 20 mmol) was mixed with equimo-
lar amount of long chain alcohols (1-hexadecanol (4.85 g),
1-octadecanol (5.41 g) and 1-eicosanol (5.96 g)) in a flask.
Then the solid mixtures were placed in an oil bath at the tem-
perature of 110–115◦C under stirring for 16 hours. Finally
the samples were recrystallized with n-hexane three times to
afford the white powder mono-L cis-butene dicarboxylate.
Anal. Calcd. for C20H36O4 (monohexadecyl cis-butene di-
carboxylate (MAH)): C, 70.55; H, 10.66; Found: C, 70.69;
H, 10.39. Anal. Calcd. for C22H40O4 (monooctadecyl cis-
butene dicarboxylate (MAO)): C, 71.70; H, 10.94; Found:
C, 71.47; H, 10.63. Anal. Calcd. for C24H44O4 (monoeico-
syl cis-butene dicarboxylate (MAE)): C, 72.68; H, 11.18;
Found: C, 72.41; H, 10.79.

Synthesis of ternary lanthanide complexes with monoester
mono-L cis-butene dicarboxylate and 2,2’-bipyridyl

The corresponding lanthanide complexes with this ligand
were prepared by homogeneous precipitation. The lan-
thanide oxides (Eu2O3, Tb4O7) were converted to their ni-
trates by treatment with concentrated nitric acid. Maleic
monoester (0.340 g for 16-maleic monoester, 0.368 g for
18-maleic monoester and 0.396 g for 20-maleic monoester;
1.0 mmol) was dissolved into the alcohol solutions. Then
alcohol solutions of lanthanide nitrates (Ln(NO3)3 · 6H2O,
L = Eu, Tb; 0.33 mmol) were added very slowly to the
above mixed solution with vigorous stirring, then added a
small quantity of NH3·H2O into the above mixed solution,
in order to adjust the pH at 7 or so. An hour later, 2,2’-
bipyridyl (0.0521 g / 0.33 mmol) was introduced to the
solutions. Then added a small quantity of NH3·H2O into
the above mixed solution, in order to adjust the pH at 7 or
so. After that, white precipitates appeared and were filtered
off, washed with ethanol, dried in a vacuum. Six ternary
lanthanide (Eu, Tb) complexes were prepared (as shown in
Fig. 1). The compositions of the complex systems were con-
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Fig. 1 Preparation scheme of both binary and ternary europium and
terbium complexes with mono-L cis-butene dicarboxylate and organic
base bipy, for phen, it is the similar scheme.

firmed by elemental analysis: Ln(L-MA)3 · bipy, L = 16,
18, 20; Ln = Eu, Tb. Anal. Calcd. for C70H113N2O12Eu: C,
63.38; H, 8.59; N, 2.11; Found: C, 63.17; H, 8.35; N, 1.97.
For C70H113N2O12Tb: C, 63.05; H, 8.54; N, 2.10; Found: C,
62.82; H, 8.20; N, 1.96. Anal. Calcd. for C76H125N2O12Eu:
C, 64.70; H, 8.93; N, 1.99; Found: C, 64.51; H, 8.59; N, 1.84.
For C76H125N2O12Tb: C, 64.39; H, 8.89; N, 1.98; Found: C,
64.56 H, 8.59; N, 1.82. Anal. Calcd. for C82H137N2O12Eu:
C, 65.88; H, 9.24; N, 1.88; Found: C, 65.61; H, 8.98; N, 1.75.
For C82H137N2O12Tb: C, 65.58; H, 9.19; N, 1.87; Found: C,
65.77; H, 8.99; N, 1.75.

Synthesis of ternary lanthanide complexes with monoester
mono-L cis-butene dicarboxylate and 1,10-phenanthroline

The lanthanide oxides (Eu2O3, Tb4O7) were converted to
their nitrates by treatment with concentrated nitric acid. The
corresponding lanthanide complexes with this ligand were
prepared by homogeneous precipitation. Maleic monoester
(0.340 g for 16-maleic monoester; 0.368 g for18-maleic
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Fig. 2 The phosphorescence spectra of (A) Gd-MAO complex,
(B) Gd-bipy complex and (C) bipy-Gd-MAO ternary complex.
(5 × 10−5 mol · L−1 acetone solution)

monoester and 0.396 g for 20-maleic monoester; 1.0 mmol)
was dissolvedinto the alcohol solutions. Then alcohol solu-
tions of lanthanide nitrate (Ln(NO3)3 · 6H2O,L = Eu, Tb;
0.33 mmol) was added very slowly to the above mixed so-
lution with vigorous stirring, then added a small quantity of
NH3·H2O into the above mixed solution in order to adjust the
pH at 7 or so. After that, white precipitates appeared, an hour
later, 1,10-phenanthroline(0.0661 g / 0.33 mmol) was intro-
duced to the solutions. Then, white precipitates were filtered
off, washed with ethanol, dried in a vacuum. Four ternary
lanthanide (Eu, Tb) complexes were prepared(as shown in
Fig. 2). The compositions of the complex systems were con-
firmed by elemental analysis: Ln(L-MA)3 · phen, L = 16,
18, 20; Ln = Eu, Tb. Anal. Calcd. for C72H113N2O12Eu: C,
64.02; H, 8.44; N, 2.08; Found: C, 63.83; H, 8.15; N, 1.95.
For C72H113N2O12Tb: C, 63.70; H, 8.39; N, 2.06; Found: C,
63.92; H, 8.15; N, 1.94. Anal. Calcd. for C78H125N2O12Eu:
C, 65.28; H, 8.78; N, 1.95; Found: C, 65.59; H, 8.59; N, 1.84.
For C78H125N2O12Tb: C, 64.98; H, 8.74; N, 1.94; Found: C,
64.76; H, 8.57; N, 1.84. Anal. Calcd. for C84H137N2O12Eu:
C, 66.42; H, 9.09; N, 1.85; Found: C, 66.59; H, 8.97; N, 1.73.
For C84H137N2O12Tb: C, 66.12; H, 9.05; N, 1.84; Found: C,
65.83; H, 8.86; N, 1.72.

Physical measurements

Elemental analyses (C, H, N) were carried out by the Elemen-
tar Cario EL elemental analyzer. Infrared spectroscopy with
KBr pellets was performed on a Nicolet Nexus 912 AO446
model spectrophotometer in the 4000 ∼ 400 cm−1. Ultravio-
let absorption spectra (5 × 10−5 mol · L−1 acetone solution)
were obtained with an Agilent 8453 spectrophotometer. Low
temperature phosphorescence spectrum (5 × 10−5 mol · L−1

acetone solution) was determined by Perkin-Elmer LS-55

spectrophotometer under 77 K. The fluorescence (excitation
and emission) spectra of solid complexes were measured
with Perkin-Elmer LS-55 spectrophotometer: excitation slit
width = 10 nm, emission slit width = 5 nm. Luminescence
lifetime measurements for solid complexes were carried out
on a Ediburgh LFS920 phosphorimeter.

Results and discussion

Table 2 shows the main bands data and their assignments
of the FT-IR spectra of the ligands and their complexes.
Compared the IR spectra of cis-butene dicarboxyl (Maleic
anhydride, MA). The peak at 1783 cm−1 of MA presents the
stretching vibration of C=O and band at 3130 cm−1 corre-
sponds to stretching vibration of C—H which belong to the
backbone of maleic anhydride. While the the IR spectra of the
long chain monoester cis-butene dicarboxylate appear the vi-
bration peaks of methyl group (—CH3) and the ν(C−H) of the
long carbon chains changes to 2918 cm−1 and proves that the
three kinds of long chain alcohols were successfully grafted
to maleic anhydride. Additionally, the peak at 1726 cm−1

substantiates that the absorption of C=O was affected by
the long chain group –OR. Besides, so far as the ternary
complexes are concerned, the occurrence of complexation
between Tb3+ and MA is evidenced by a new narrow band
located at 1383 to 1387 cm−1 and 1596 to 1604 cm−1 ap-
peared to prove that terbium ions may coordinate to two
oxygen atoms of the free carboxylic groups. The twisting
bending vibrations at 896, 761 cm−1 and 857, 743 cm−1

which correspond to absorption of hydrogen atoms belong
to heterocycle of bipy and phen have shift to lower frequency
of 854, 727 cm−1, and the facts firmly prove bipy or phen
can coordinate to lanthanide ions effectively.

From the ultraviolet absorption spectra of three long chain
long monoester mono-L cis-butene dicarboxylate (L = hex-
adecyl, octadecyl and eicosyl), it can be observed the main
absorption bands of them are all similar at 245 nm, sug-
gesting that the introduction of different long chain alcohol
hardly has influence on the absorption property for the long
aliphatic (hydrocarbon) chain has no delocolized structure
for ultraviolet absorption activity. It is observed that there
are nearly no difference between maleic anhydride is simi-
lar to that of MAO (around 245 nm), because they have the
same chromophore C=C and similar π -π ∗ transitions influ-
enced by conjugating effect of both C=C and C=O groups.
Which indicates that the aborption band can be ascribed to
MA fragment for its unsaturated delocalized structure and the
modification of long chain can not change the absorption. As
for ultraviolet spectrum of bipy-Tb-MAO, the obvious band
at 266 nm shows characteristic absorption of bipy, which can
be ascribed as the absorption of bipy for free bipy appears
one absorption peak at 265 nm [19]. The small red-shift of
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Table 1 The main band assignments of IR spectra for ligands and their complexes

Compounds
νs (CH3)
(cm−1)

νs (C–H)
(cm−1)

ν (C=O)
(cm−1)

νs (COO–)
(cm−1)

νas (COO–)
(cm−1)

νs (C–O–C)
(cm−1)

νas (C–O–C)
(cm−1)

ν (CN)
(cm−1)

π (CH)
(cm−1)

MA 1783 1070 1243
MAH 2852 2918 1726 1165 1261
MAO 2848 2918 1726 1162 1267
MAE 2848 2922 1726 1162 1274
bipy 1417 896,

761
phen 1422 857

743
Eu-MAH-bipy 2848 2917 1717 1387 1600 1173 1226 1435 852,

722
Tb-MAH-bipy 2852 2921 1717.39 1383 1604 1174 1226 1435 856,

731
Eu-MAO-bipy 2854 2923 1721 1383 1602 1183 1228 1435 848,

722
Tb-MAO-bipy 2854 2917 1721 1387 1602 1183 1228 1435 856,

731
Eu-MAE-bipy 2857 2917 1721 1387 1596 1183 1267 1413 857,

722
Tb-MAE-bipy 2852 2917 1722 1386 1066 1183 1265 1421 843,

724
Eu-MAH-phen 2854 2924 1721 1386 1602 1174 1218 1431 847,

727
Tb-MAH-phen 2852 2922 1721 1383 1600 1174 1218 1432 852,

727
Eu-MAO-phen 2864 2924 1721 1386 1602 1183 1218 1427 852,

727
Tb-MAO-phen 2852 2917 1717 1383 1604 1183 1226 1426 848,

727
Eu-MAE-phen 2854 2924 1728 1386 1602 1181 1218 1430 854,

727
Tb-MAE-phen 2848 2922 1726 1387 1600 1181 1222 1424 852,

727

1 nm is due to the more extensive conjugated system of elec-
tronic distribution form because the coordination between
lanthanide ions and bipy. For ultraviolet absorption spec-
tra of maleic anhydride, MAO and phen-Tb-MAO complex,
it shows the similar feature. Therefore in the ternary com-
plex systems, 2, 2′-bipyridy and 1,10-phenanthroline play
the major energy donor role and will transfer it to Tb ions.
We can found the further evidences concerning the above
predictions from the ultraviolet absorption spectra of ternary
complexes bipy-Eu-L-MA, bipy-Tb-L-MA, phen-Eu-L-MA
and phen-Tb-L-MA (L = 16, 18, 20), it can be found there
exist the main absorption bands for bipy or phen and L-
MA can not develop a dominating function in binary sys-
tems and its π -π∗ transition corresponds to the strongest
absorption.

As shown in Fig. 2 for the phosphorescence spectra of
(A) Gd-MAO complex, (B) Gd-bipy complex and (C) bipy-
Gd-MAO ternary complex, ti can be observed that B and
C are rather similar in terms of the same organic ligand

2, 2′-bipyridyl responsible for the emissions. According to
the energy transfer and intramolecular energy mechanism
[16–20], intramolecular energy transfer efficiency depends
chiefly on two energy transfer processes: the first one leads
from the triplet level of ligands to the emissive energy level
of the Eu3+ and Tb3+ ion by Dexter’s resonant exchange
interaction [23]; the second one is just an inverse energy
transfer by a thermal deactivation mechanism [24]. Estab-
lished on this theory, the conclusion can be drawn that en-
ergy differences is of opposite influence on the two energy
transfer processes and an optimal value can be assumed to
exist. The peak at 429 nm of A shows MAO’s triplet state
energy level is approximately 23310 cm−1 which is higher
than phen (437 nm, 22880 cm−1), therefore, we suppose
that energy transfer process will occur from T-A1 to phen,
substantiating that the heterocyclic ligand will become main
energy donor and have the possibility to sensitize Eu3+ and
Tb3+ ions. For the systems with phen, they show the similar
feature because the intramolecular energy transfer between
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Table 2 Luminescent properties of ternary lanthanide complexes
(solid samples)

Relative
Ternary lanthanide intensiteis Lifetimes
solid complexes Emission bands (nm)∗ (a.u.) (µs)∗∗

bipy-Eu-MAH 590, 615, 648, 701 841
bipy-Eu-MAO 590, 614, 649, 700 792 875
bipy-Eu-MAE 591, 616, 650, 701 166
bipy-Tb-MAH 488, 544, 582, 619 557
bipy-Tb-MAO 488, 544, 582, 619 345 1260
bipy-Tb-MAE 488, 544, 582, 619 571
phen-Eu-MAH 591, 614.5, 649, 700 760
phen-Eu-MAO 591, 615, 649, 700 1245 848
phen-Eu-MAE 591, 615, 648, 700 640
Phen-Tb-MAH 489, 543, 584, 619.5 221
phen-Tb-MAO 489, 543, 584.5, 619.5 214 1394
phen-Tb-MAE 489, 543, 584.5, 619.5 246

∗For Eu3+: 5D0–7FJ (J = 1, 2, 3, 4); For Tb3+: 5D4–7FJ (J = 6, 5,
4, 3).
∗∗For E Eu3+: 5D0–7F2 transition; For Tb3+: 5D4–7F5 transition.

ligands becomes more easily for the phen is lower (453 nm,
22075 cm−1) [16–20].

Figure 3 wears the excitation for four series of ternary lan-
thanide complexes. It can be found the all of them are similar
with the maximum absorption at around 266 nm, correspond-
ing to the absorption of nitrogen heterocycle ligands (bipy or
phen) and taking agreement with the results from ultraviolet
and phosphorescent spectra. Which further indicate that in
the ternary complex systems, bipy or phen behave as main
energy donor and play the major role on the energy transfer
to europium and terbium ions. The corresponding emission
spectra of the resulting complexes are shown in Figs. 4 and 5.
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Fig. 3 The excitation spectra of both bipy-Eu-L-MA (L = 1, 18, 20)
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Fig. 4 The emission spectra of (A) bipy-Eu-L-MA and (B) bipy-Tb-
L-MA

As described in Fig. 4 (A) for bipy-Eu-L-MA; the 5D0 → 7F1,
5D0 → 7F2, 5D0 → 7F3, 5D0 → 7F4 transitions at 590, 614,
650 and 700 nm of Eu3+ were obviously obtained and strong
red emission (5D0 → 7F2) was dominating. In regard to Fig.
4 (B) for bipy-Tb-Eu-L-MA, there are four assigned tran-
sitions from the 5D4 → 7FJ (J = 6, 5, 4, 3) transitions at
490, 544, 587 and 622 nm of terbium ions and a striking
green luminescence (5D4 → 7F5) was accomplished. Fig.
5 presents the similar features. We further determined the
luminescent relative intensities and lifetimes for the ternary
complexes and binary complexes of phen, the detailed data
have been shown in Table 2. The relative emission intensi-
ties of ternary complexes show the similar order to those of
corresponding binary ones of phen, indicating that the ef-
fective energy transfer and sensitization take place between
phen and lanthanide ions in the ternary systems. Especially
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Fig. 5 The emission spectra of (A) phen-Eu-L-MA and (B) phen-Tb-
L-MA

the luminescent lifetimes of ternary complexes are higher
than those of binary one with phen, which suggest that the
introduction of long chain monoester in the ternary molecu-
lar systems enhances the rigidity and stability of the whole
complex and reduces the non-radiative energy loss compared
the binary systems of phen.

Conclusion

Twelve ternary lanthanide (Eu, Tb) complexes with mono-L
cis-butene dicarboxylate and bipy (or phen) have been syn-
thesized and characterized. The photophysical properties of
them have been studied with ultraviolet spectra, phospho-
rescence spectra, excitation and emission spectra, and lumi-
nescent lifetimes. The energy transfer process initiated from

mono-eicosyl cis-butene dicarboxylate to 2,2′-bipyridyl (or
1,10-phenanthroline) then to lanthanide ions (Eu3+, Tb3+)
has been discussed to predict that the optimum energy trans-
fer exists between the heterocyclic ligand and Ln3+. The
emission spectra for the ternary complexes were described in
detail and the results indicate that lanthanide complex show
the extraordinarily strong luminescence (red and green) es-
pecially compared to binary complex molecules with low
radiate efficiency.
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