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Abstract In this paper, some novel long chain amphiphillic
monoester molecules were designed to afford double
functions: film-formation ability and luminescent sensitiza-
tion ability. Subsequently organized molecular films of rare
earth complexes with these functional ligands formulated as
ML2NO3 were fabricated by the Langmuir-Blodgett film
(LB) technology, where RE denotes rare earth ions Eu3+,
Tb3+ and Dy3+; L denotes the long chain carboxylic ligands
monohexadecyl phthalate (16-Phth), monooctadecyl phtha-
late (18-Phth) and monoeicosyl phthalate (20-Phth). The
average molecular area was obtained according to the π-A
isotherms. The layer structure of the LB films was
demonstrated by low-angle X-ray diffraction and the average
layer spacing was determined from the Bragg equation. UV
absorption intensity increases linearly with the number of LB
films layers, which indicates that the LB films are homoge-
neously deposited. The fluorescence spectra of these LB
films were quite different from those of their solid
complexes. It reveals that the long chain ester ligands are
suitable for the excited states of Tb3+ and Dy3+ in the LB
films as well as in the solid complexes, but not match with
the europium ion in the LB films.
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Introduction

Langmuir-Blodgett (LB) films have special characteristics,
such as high orientation, controlled thickness and control-
lable molecular array for efficient energy and electron
transfer [1–4], which attracted more and more attention of
scientists because of their potential application in various
areas of the microelectronics. In the decade, many
luminescent lanthanide complexes have been deposited as
ordered ultrathin film by Langmuir-Blodgett technology
and the luminescence properties have been investigated [5–
8]. Fanucci and Talham prepared several metal phosphate
LB films based upon solid-state lanthanide (III) phospha-
onates by Y-type deposition procedure [9]. Osvaldo et al.
[10] prepared the LB films of europium complexes
exhibiting strong fluorescence emission. Huang et al. [11,
12] combined rare earth anions with some organic
molecules with nonlinear optical properties and found that
the rare earth complex anions not only optimize the
formation of the multilayers but also enhance the nonlinear
optical efficiency of the organic molecules. However, β-
diketone was used as the organic ligands in the preparation
of LB films and moreover, in order to improve the film-
forming ability, some researchers combined with rare earth
complex anion and other long chain film-forming material
into complex systems [13–15]. In these functional LB film
systems, the film formation function and luminescent
sensitization function is separated and the amphiphilic long
chain molecules only provide film-forming ability and can
not behave as energy donor. Besides, little work was
reported on the aromatic carboxylic acid derivatives
although they can be readily modified to achieve some
new functions [14, 15]. It can be predicted that the modified
aromatic carboxylic acid derivatives may present double
function of both luminescence and film-formation.
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In our recent work, three long chain carboxylic ligands
( i.e. monohexadecyl phthalate (16-Phth), monooctadecyl
phthalate (18-Phth), and monoeicosyl phthalate (20-Phth))
were prepared and the photophysical properties for their
lanthanide complexes (Eu3+, Tb3+ and Dy3+) (The chemical
structure as shown in Scheme 1) were studied in details,
which were reported in ref. [16]. The nine lanthanide
complexes were transferred successfully onto hydrophilic
quartz substrate, i.e. their corresponding LB film were
fabricated. The results of various measurements showed
that these LB films were well organized and had lumines-
cence properties. The experimental results indicate that the
system can be used for the preparation of ultrathin films
with luminescent properties. The new type of LB films can
be expected to have potential applications in the fields of
sensors and photoelectrochemical devices.

Experimental section

Measurements

UV-visible spectra were recorded on an Agilent 8453
spectrometer. The fluorescence (excitation and emission)
spectra were determined with Perkin-Elmer LS-55 spectrom-
eter: excitation slit width = 10 nm, emission slit width = 5 nm.
X-ray diffraction data were obtained on a Rigaku D/max-γB
X-ray diffractometer.

Preparation of LB films

LB films of the complexes were prepared by dropping their
chloroform solutions (1×10−4 mol/L) onto a pure subphase
of deionized water. The solvent was allowed to evaporate
for at least 30 min prior to compressing, then the surface
pressure vs area per molecule isotherms were recorded. The
prepared monolayer was transferred onto a substrate by the
vertical depositing method in Z-type model at a speed of

10 mm/min. The films were transferred onto substrates at a
surface pressure of 20 mN/m for the Ln-16-Phth, 30 mN/m
for the Ln-18-Phth and 40 mN/m for the Ln-20-Phth
respectively. The transfer ratios of the films were around
unity. The substrate for the emission measurements was a
nonfluorescent quartz plate (10×30 mm). It was cleaned
with sulfuric acid, dipped into 10% hydrogen peroxide
solution and then rinsed with water.

Results and discussion

π-A isotherms of monolayers

The π-A isotherms are shown in Fig. 1a–c and the related
data are listed in Table 1. In Fig. 1a, the slope of the three
curves is large and monotonously smooth without any
noticeable phase transitions, which is related to LE and LC
phases. The collapse pressure appears at about 27 mN/m,
30mN/m, 27mN/m in the π-A isotherm of Tb(16-Phth)2NO3,
Dy(16-Phth)2NO3 and Eu(16-Phth)2NO3, respectively and
the molecular areas obtained by extrapolating the steeply
rising part of the curve to zero surface pressure are
approximately 0.56 nm2, 0.55 nm2 and 0.57 nm2, respec-
tively for corresponding complexes. The exactly similar
molecular structures conform to the similar shapes of the
π-A isotherms, except for the small difference of the
molecular areas which due to the difference of the three
central ions of the rare earth complexes. In Fig. 1b, we can
observe that the π-A isotherm of Tb(18-Phth)2NO3, Dy(18-
Phth)2NO3 and Eu(18-Phth)2NO3 correspond to liquid
expanded state of the lipid at the gas–water interface, the
plateaus are about at 46 mN/m, 44 mN/m, 40 mN/m,
respetively and the molecular areas are approximately
0.52 nm2, 0.51 nm2 and 0.53 nm2, respectively. In Fig. 1c,
the π-A isotherms of 20-Phth coordinated with the Tb3+,
Dy3+ and Eu3+ ions also have plateaus appeared at about
53 mN/m, 59 mN/m and 55 mN/m, and the corresponding
molecular areas are 0.51 nm2, 0.50 nm2 and 0.52 nm2,
respectively. The π-A isotherm Eu(20-Phth)2NO3 and Tb
(20-Phth)2NO3 present typical phase transition from gas
state directly to solid state with the liquid phase absent
while Dy(20-Phth)2NO3 has not any noticeable phase
transitions [16]. The film-formation ability was greatly
affected by the length of substituted alcohol chains. On one
hand, the collapse pressure is increased with the increasing
of length, suggesting that increasing length could increase
the capacity of film forming. On the other hand, with the
increasing length, the isotherm shifts towards a smaller
area/per molecule, it can be assumed that long amphiphilic
complex molecules oriented at hydrophilic substrate at an
angle θ with the hydrophobic terminals stretch out in void,

C

O

O(CH2)nCH3

C

O

O-
2

NO3Ln

Scheme 1 Chemical formula of lanthanide complex with long chain
carboxylic ester (n=15, 17, 19)
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the longer chain alkyls means the larger interaction, which
make long chain molecules arrange more closely and be
easily to stand perpendicular to substrate [17, 18]. Thus
per molecule area has small value.

UV-Visible absorption spectra and low-angle X-ray
diffraction

The UV-visible absorption spectra are shown in Fig. 2a–c.
For the chloroform solution of the coordination compounds,
the maximal peaks were located at 252 nm for Ln-16-Phth,
250 nm for Ln-18-Phth and 245 nm for Ln-20-Phth,
respectively, which can be ascribed to the π → π* transition
of phenyl cycle with long-chain substituted groups. However,
these peaks are all weak and not noticeable in their
corresponding LB films. They appear at 230 nm, 233 nm
and 235 nm for the 12 layers LB films of Ln-16-Phth, Ln-18-
Phth and Ln-20-Phth, respectively. Besides, it is remarkable
that a new strong absorption band occurs at 200 nm for the
three LB films, which is probably caused by O→M transition
[19]. These phenomena can be endorsed indeed to the film
interactions and to the ordered arrangement of the molecules
in the LB films. The lanthanide complexes in the solution are
present as free single molecules, and the interactive forces
among them can be neglected, but the complex molecules in
the LB film are in an aggregate state with strong interactions.
Figure 3 illustrates the relationship between absorption
intensity of LB film of Dy-18-Phth and layer number at
200 nm. The linearity of the absorption intensity with respect
to the number of layers was obtained, indicating that the film
has a vertical homogeneity.

The low-angle X-ray diffractograms of 12-layered LB
film of Tb-20-Phth LB films on quartz plates are shown in
Fig. 4. It exhibits evident diffraction peaks at 0.738°,
2.214° and 4.584°, respectively, which are assigned to be
(001), (003) and (006) Bragg diffraction, respectively,
suggesting that the difference of growth of the molecular
oritentation over LB films. This regular X-ray diffraction
pattern points out that the LB film has a highly ordered
layer structure. The average layer spacing of 9.57 Å is
achieved according to the Bragg equation [20]. The other
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Fig. 1 π-A isotherms of lanthanide complexes LB films: a Ln-16-
Phth; b Ln-18-Phth; c Ln-20-Phth (Ln = Eu, Dy and Tb)

Table 1 The collapse pressure and molecular area of lanthanide
complex LB films from π-A isotherms

Collapse
pressure
(mN /m)

Molecular
area (nm2)

Compressibility

Tb(16phth)2NO3 27 0.56 perfect
Dy(16phth)2NO3 30 0.55 Perfect
Eu(16phth)2NO3 27 0.57 Perfect
Tb(18phth)2NO3 46 0.52 good
Dy(18phth)2NO3 44 0.51 good
Eu(18phth)2NO3 40 0.53 good
Tb(20phth)2NO3 53 0.51 perfect
Dy(20phth)2NO3 59 0.50 perfect
Eu(20phth)2NO3 55 0.52 perfect
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LB films of Tb complexes are also studied and their
average layer spacing have been acquired, 8.2 Å for LB
film of Tb-16-Phth and 8.8 Å for LB film Tb-18-Phth,
which is increased with the increasing of the ligand’ length.

Luminescence properties

Figure 5a–c and Table 2 show the excitation spectra of LB
film of Tb, Dy and Eu complexes with their powder
complexes. The excitation bands for Tb complex LB films
under the green emission of 545 nm exhibit a broad
excitation bands and the maximum excitation peaks are
located around 302 nm for LB film of Tb-16-Phth, 302 nm
for LB film of Tb-18-Phth and 279 nm for LB film of Tb-
20-Phth, respectively. The excitation spectrum of powder
Tb complex shows a strong broad band with several small
peaks, which may be due to the vibrational absorption of
the ligands. The maximum excitation wavelengths locate at
351 nm for Tb-16-Phth powder complex, 352 nm for Tb-
18-Phth powder complex and 326 nm for Tb-20-Phth
powder complex. The broad band in the monolayer
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Fig. 4 Low-angle X-ray diffraction of 12 layers LB film of Tb-20-Phth
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Fig. 3 Selected ultraviolet-visible spectra of 2, 4, 6 layers of LB film
of Dy-18-Phth. The inset is the plot of absorbance at 200 nm against
the number of layers
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Fig. 2 Comparison of ultraviolet-visible absorption spectra of 12
layers lanthanide complexes LB films and chloroform solution: a Ln-
16-Phth; b Ln-18-Phth; c Ln-20-Phth (Ln=Eu, Tb)
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assembly is shifted to shorter wavelength and broadened in
comparison with that of the powder complex. The
excitation bands for Dy complex LB films under the blue
emission of 484 nm present a broad excitation bands and
the maximum excitation peaks are to be found around
319 nm for LB film of Dy-16-Phth, 301 nm for LB film of
Dy-18-Phth and 289 nm for LB film of Dy-20-Phth,
respectively. The excitation spectrum of Dy powder
complex shows a different broad band with several peaks,
which are characteristic absorptions of Dy3+. The maximum
excitation wavelengths locate at 400 nm for Dy-16-Phth
powder complex, 334 nm for Dy-18-Phth powder complex
and 289 nm for Dy-20-Phth powder complex, respectively,
which have shift to lower energy region and is narrower
compared with that of the complex LB films. It has been
demonstrated that the excitation spectrum of Tb, Dy
complexes LB films and their powder complexes are
dominated by a broad peak centered at 280–350 nm in the
long ultraviolet-visible region which are the characteristic
absorption of the lanthanide complexes arising from the
efficient transition based on the conjugated −C=O double
bonds. The excitation spectra of LB films from Eu complex
under the red emission of 613 nm show that they have
effective absorption in narrowwavelength ultraviolet region of
the range 200–300 nm,whose maximum excitation peaks are
located around 245 nm for LB film of Eu-16-Phth, 242 nm for
LB film of Eu-18-Phth and 243 nm for LB film of Eu-20-Phth,
respectively, which are originated from the efficient transition
based on the conjugated double bonds of the aromatic ligand
while the excitation spectrum of Eu powder complexes have
the maximum excitation wavelengths at 395 nm for Eu-16-
Phth powder complex, 395 nm for Eu-18-Phth powder
complex and 392 nm for Eu-20-Phth powder complex,
individually. This may be resulted from the characteristic
absorption of the conjugated −C=O double bonds of the
lanthanide complexes with long chain substitution.

The emission spectra of LB film of Tb, Dy and Eu
complexes with their corresponding complexes powder
were shown in Fig. 6a–c and some related data are shown
in Table 2. When the Tb-16-Phth LB film is excited under
301 nm, two characteristic fluorescence emission peaks of
Tb3+ at around 487 nm and 544 nm were obtained,
corresponding to 5D4→

7F6 (induced electric dipole
transition) and 5D4 → 7F5 (electric dipole transition)
transitions respectively. Among these transitions, the
5D4→

7F6 located at 487 nm is the stronger. The spectrum
of Tb-16-Phth powder complex also shows the two
characteristic transitions of Tb3+ at 490 nm and 543 nm.
However, the shapes of the spectra and the relative intensity
ratios (5D4 →

7F5/
5D4→

7F6) are different. The Tb-16-Phth
powder complex has bigger fluorescence ratio (0.77) than
the LB film (0.40). When the Tb-18-Phth LB film is excited
under 302 nm, the 5D4→

7F6 transition at 486 nm and
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Fig. 5 Excitation spectra of Ln-16-Phth complex powders and Ln-16-
Phth LB film: a Tb-16-Phth; b Dy-16-Phth; c Eu-16-Phth
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5D4 → 7F5 transition at 544 nm are gained. The emission
spectrum of Tb-18-Phth powder is nearly same except that
the relative intensity ratio (1.09) is bigger than that of LB
film (0.60). The Tb-20-Phth LB film consists of two band,
corresponding to the transition 5D4→

7F6 (487 nm) and
5D4 → 7F5 (544 nm) of Tb3+. However, the emission
transitions of the complex powder show some different, for
example 5D4→

7F6 at 487 nm and 5D4 → 7F5 at 543 nm,
whose intensity rations (0.84) is also bigger than that of LB
films (0.67). So we can conclude that the difference
observed in emission position and emission intensities
ration also depends closely on the aggregation state of the
molecules and the related small changes of the structure.
Moreover it reveals that the long chain esters ligand is
suitable for the excitation of Tb3+ in the LB films.

Comparing with the two characteristic transitions of Dy-
16-Phth powder (481 nm and 572 nm, corresponding to
4G9/2→

7H15/2 and
4G9/2→

7H13/2 transitions respectively),
while the spectrum of Dy-16-Phth LB film appears
differently. The 4G9/2→

7H15/2 transition (blue emission)
shifts to a higher wavelength and the 4G9/2→

7H13/2 one
(yellow emission) give a wide band from 530 nm to 650 nm
with the maximum wavelength at 564 nm, The Y: B values
of the solid powders and the LB films are 0.470 and 0.609,
respectively. The spectrum shape also exists in the other
two LB films of Dy-18-Phth LB and Dy-20-Phth. Both
show a peak at 484 nm and a wide band with the maximum
at 562 nm and 560 nm, respectively, quite different from

their corresponding powder complexes. The Y: B values of
the powder complexes and the LB films are 0.870 and
1.155 for Dy-18-Phth, 0.350 and 0.417 for Dy-20-Phth,
respectively. Analyzing the experimental results in the
emission spectra, we think that the reason for the difference
of Y: B values could be explained in the following way: it
is well known that the yellow emission of 4G9/2→

7H13/2 of
Dy3+ is hypersensitive, which is influenced strongly by the
outside surroundings. The transition probability between
energy levels might be changed when the environment of
molecular structure varied, and the ordered packing of
molecules in LB films contributes to the fluorescence
emission.

The luminescence data show that the long chain
phthalate monoester ligands can effectively transfer some
energy to the Tb3+ and Dy3+ in the LB films. Rare earth
ions show generally very small absorption coefficients in
the visible and UV region, whose luminescence can be
enhanced through the effective energy transfer from organic
ligands [21]. In principle, for complexes in which light
absorption is performed in ligand-centered or charge-
transfer bands, the organic ligands with suitable triplet
level may be used to sensitize the luminescence of the rare
earth ions. Thus the luminescence intensity depends on the
ligand absorption intensity, the ligand-to-cation energy
transfer efficiency and luminescence efficiency of rare earth
ion itself. Our experimental results reveal that the triplet
position of the long chain phthalate monoester ligand is

Table 2 Comparison of the luminescence characteristics of LB films and the complex powders

Complexes λex/nm λex/nm (intensity/a.u.) Ratio

5D4 →
7F6

5D4 →
7F5

Tb(16phth)2NO3
a 302 487(131) 544(52) 0.397

Tb(16phth)2NO3
b 352 490(70) 543(54) 0.771

Tb(18phth)2NO3
a 302 487(87) 544(52) 0.597

Tb(18phth)2NO3
b 351 490(77) 543(84) 1.091

Tb(20phth)2NO3
a 279 487(72) 544(48) 0.667

Tb(20phth)2NO3
b 326 487(43) 543(36) 0.837

4G9/2→
7H15/2

4G9/2→
7H13/2

Dy(16phth)2NO3
a 319 485(46) 564(28) 0.609

Dy(16phth)2NO3
b 400 481(100) 572(47) 0.470

Dy(18phth)2NO3
a 301 484(71) 562(82) 1.155

Dy(18phth)2NO3
b 334 483(100) 573(87) 0.870

Dy(20phth)2NO3
a 289 484(103) 560(43) 0.417

Dy(20phth)2NO3
b 290 482(100) 572(35) 0.350

5D0→
7F1

5D0→
7F2

Eu(16phth)2NO3
a 245 598

Eu(16phth)2NO3
b 395 590(30) 614(44)

Eu(18phth)2NO3
a 242 598

Eu(18phth)2NO3
b 395 590(40) 616(54)

Eu(20phth)2NO3
a 243 598

Eu(20phth)2NO3
b 392 590(58) 616(63)

a LB film, b complex powder
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suitable for those of the excited states of the luminescent
Tb3+ and Dy3+ ion in the LB films as well as in the basic
compound powders.

The emission spectra of LB films and powders of Eu
complexes were also different. It is surprised that the
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Fig. 6 Emission spectra of Ln-16-Phth complex powders and Ln-16-
Phth LB film: a Tb-16-Phth; b Dy-16-Phth; c Eu-16-Phth
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Fig. 7 Emission spectra spectra of lanthanide complex LB films with
long chain esters: a Tb complex LB films; b Dy complex LB films; c
Eu complex LB films
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emission spectrum of Eu-16-Phth LB film under the
excitation of 249 nm only have one peak from 570 nm to
640 nm with the maximum wavelength at 598 nm, while its
corresponding powder complex under the excitation of
395 nm consist of two peaks, 594 nm and 614 nm, ascribed
to the Eu3+ ion characteristic transitions of 5D0→

7F1 and
5D0→

7F2, respectively. The situation is same for another
two Eu complexes systems. It well known that the
evolution of Eu3+ fluorescence gives further insight on the
rare earth environment [22]. The luminescence intensity
depends on the ligand absorption intensity, the ligand-to-
cation energy transfer efficiency and luminescence efficiency
of rare earth ion itself. The fact that the excitation spectrum of
the LB films of Eu complexes corresponds to free ligand
absorption indicates that the pathway that results in the
emission begins with excitation of a ligand π–π* band of
phenyl circle. Absorption of energy by the ground state singlet
of carboxylic acid ligand results in an excited singlet state,
which then goes through an intrasystem crossover to give the
excited triplet state of the ligand, then energy is transferred to
the rare earth ion and deactivated by fluorescence emission.
The energy transfer distances of “Eu-ligand” were enlarged in
the LB film packing of Eu complexes, resulting in transferring
energy less effectively than that of Tb and Dy complexes LB
film which are excited at −C=O band [23]. The change of
molecular environment and order result in the difference of
spectroscopy behaviors and the long carboxylic acid ester in
LB films can not sensitize the europium ion effectively.

Figure 7a–c shows the selected emission spectra of LB
films of Tb, Dy and Eu complexes with these three ligands. For
the LB films of Tb, Dy and Eu complexes, their emission band
keep unchanged with the increasing length of ligands, indicating
that different chain lengths (16-Phth-18-Phth-20-Phth) have
little influence on the emission band of these LB films.

Conclusions

Nine rare earth carboxylic ester complexes (ML2NO3) have
been deposited on substrate by the Langmuir-Blodgett film
(LB) technology. The mean molecule area is obtained and
the layer structure of the LB films is demonstrated by low-
angle X-ray diffraction. UV absorbance intensity increases
linearly with the number of LB films layers, indicating that
the LB films are homogeneously deposited. The fluores-
cence spectra of these LB films were quite different from
those of their corresponding solid powders. It suggests that
the long chain esters ligand can sensitize Tb 3+ ion and Dy3+

ion in the LB films as well as in the compound powders,
but not appropriate for the europium ion in the LB films.
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