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bstract

Effects of synergetic ligands of the europium complexes Eu(TTA)3nL (Eu denotes the central ion Eu(III), TTA denotes the �-diketone ligand
-thenoyltrifluoroacetone, L denotes the synergetic ligands triophenylphosphine oxide, 1,10-phenanthroline, 2,2′-bipy and H2O, respectively)
n fluorescence properties and supermolecular structures of Langmuir and Langmuir–Blodgett films were studied. Experiments on the Langmuir
rough showed that different supermolecular structures were formed for each complex with different synergetic ligands, in which aggregate structure
as found at the air/subphase interface for Eu(TTA)3Phen and multilayer structure for the other three complexes. This result is accordance with

he R values calculated in terms of their fluorescence spectra. Fluorescence enhancement was found to be in an order of the relative emission
ntensity of the fluorescent LB films: I(Eu(TTA)3(TPPO)2) > I(Eu(TTA)3Phen) > I(Eu(TTA)3Bipy) > I(Eu(TTA)3·2H2O). Detailed analysis on the

B film containing Eu(TTA)3(TPPO)2 revealed that the LB film containing Eu(TTA)3(TPPO)2 not only have the strongest red light emit, the best
onochromacity, good miscibility with arachidic acid (AA), but also have condensed structure, controllable nanometer-scale thickness and vertical

niformity.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Because of their numerous applications [1–4], rare earth
omplexes have attracted more and more attentions in areas of
hemistry, physics, biology and material science. It is found that
upermolecular structure plays an important role in properties
nd applications of rare earth complexes containing materials
5].

In our previous work [6–9], the fluorescence properties of
are earth complexes and their applications in optical fiber,
ptical fiber amplifier and three-dimensional multilayered opti-
al memory materials were studied. It is also found that
u(TTA)3nL (TTA = thenoyltrifluoroacetonatone; L = TPPO

rom tribenylphosphine oxide, Phen from 1,10-phenanthroline,

ipy from 2,2-bipy and TOPO from trioctylphosphine, respec-

ively) can be easily dispersed into poly(methyl methacrylate)
PMMA) to form solid solutions which are of good thermal

∗ Corresponding author. Tel.: +86 551 3601704; fax: +86 551 3601704.
E-mail address: zqjm@ustc.edu.cn (Q. Zhang).
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tability and promising to be candidates for laser materials in
uture applications [10]. Eu(TTA)3·2H2O was found to form
-aggregate on the surface of silver nanoparticles, high fluo-
escence properties of such nanoparticles were resulted from
he efficiently local field enhancement due to surface plasmon
esonance (SPR) excitations [11]. These results reveal that not
nly ligands but also matrixes will affect the luminescent prop-
rties and applications of rare earth complexes. In this paper,
angmuir–Blodgett technique is used to fabricate ultrathin film
aterials containing Eu(TTA)3nL to further investigate the rela-

ionship between structure and fluorescent properties under such
circumstance, and based on the rare earth containing ultrathin
lms can be developed.

Langmuir–Blodgett technique is a very powerful tool to fab-
icate ultrathin films with highly ordered structures [12,13] and
ontrollable molecular array for efficient energy and electron
ransfer [14,15]. There are generally three methods to fabri-

ate the functional LB films. Many workers employed metal
alts in the aqueous subphase to incorporate groups into LB
lms [16–21]. The metal ions were adsorbed onto the fatty acid
lm from the subphase by a stochastic process. Therefore, it is

mailto:zqjm@ustc.edu.cn
dx.doi.org/10.1016/j.jphotochem.2006.12.020
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ard to control the concentration of the functional molecules
nd the functions of the LB films due to the stochastic process.
hemical modification is another method to obtain amphiphilic

unctional molecules to fabricate LB films. This method needs
complex chemical synthesis that limits the applications of

ome functional materials and there are some problems when
he monolayer is transferred onto the substrate. Wang et al. tried
o use this method to fabricate high ordered europium complex
B films [22]. They synthesized a rare earth complex with a long
hain on the synergetic ligand. The complex could not be effi-
iently transferred onto the substrate at lower surface pressure
nd showed a quenched emission when transferred at higher
urface pressure. To conquer the defects of the two methods
entioned above, the third method was used [23], in which

he mixture of classical film-forming molecules (for example,
A) and functional metal complexes were used to fabricate the

unctional LB films.
Due to the poor absorption, rare earth ions are not used

irectly but to form complexes with organic ligands that absorb
ight and transfer the energy to ions. In addition, synergetic lig-
nds, which do not transfer light energy to ions, are usually
dopted to expel adsorbed water from the first coordination
phere because water molecules can cause radiationless deac-
ivation. Recently, synergetic ligands were used to control the
upermolecular structure of rare earth complexes [24] and
rafted the complex onto the host matrix to form homogeneous
table functional materials [25]. Although using LB technique
an also control the supermolecular structure and get a homo-
eneous film material, there is no work about how synergetic
igands affect the properties of LB films to our knowledge. In
his paper, the work is presented on effect of synergetic ligands
n supermolecular structures and fluorescence properties of LB
lms containing Eu(TTA)3nL.

. Experiment
.1. Materials

Synthesis of rare earth complexes was described in our pre-
ious work published elsewhere [10], and the structures of the
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o

Fig. 1. Molecular structures of Eu(TTA)3Phen, Eu(TTA
obiology A: Chemistry 188 (2007) 218–225 219

are earth complexes are shown in Fig. 1. The rare earth com-
lexes studied in this paper are used as functional molecules.
rachidic acid (CH3(CH2)18COOH, AA, spectrum purity) is
Fluka product and is used without further purification. AA

s used to control the thickness of LB films at nanometer-
cale.

AA and the complexes were all dissolved into the chloroform
eparately to obtain solutions with the same concentration of
× 10−4 mol/L. Other chemical agents were all A.R. grade.

.2. Subphases

Double distilled water (doubly distilled and purified by a
uartz subboiling ultrapurified distiller, pH 5.8) was used in
xperiments. The composite subphase was obtained according
o Ref. [26]. First, excess amount of complex, and corre-
ponding TTA and L (L is the synergetic ligands, L = Phen,
ipy, TPPO and water) were put into the double distilled
ater (For example, if the π–A curve of mixed Eu(TTA)3Phen

nd AA was measured, Eu(TTA)3Phen, TTA and Phen should
e put into the double distilled water to obtain the sub-
hase); then shaking fiercely and leaving the solution overnight;
nally filtering the solution and using the filtrate as the com-
osite subphase. In this way, TTA, the synergetic ligand as
ell as the complex were all saturated in the composite

ubphase.

.3. Monolayer measurements and deposition procedure

All of monolayer measurements and LB films deposition
ere carried out on a home-made computer-controlled Lang-
uir trough (40 cm × 15 cm) with Wilhelmy Pt-plates placed in
dust-free box at 19 ± 1 ◦C. The monolayer-forming solution
as spread by a micro-injector on the subphase surface of

he Langmuir trough. The spread monolayer was compressed
ith a barrier at a constant rate of 8 mm/min after 20 min for
olvent evaporation. The average molecular area of the mixed
onolayer could be calculated (dividing total occupied area

y the number of molecules of arachidic acid plus the number
f the rare earth complexes). The changes of surface pressure

)3·2H2O, Eu(TTA)3(TPPO)2 and Eu(TTA)3Bipy.
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Fig. 2. Fluorescence spectra of 16 layers of AA/Eu(TTA)3nL = 1/1 LB films.
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a) AA/Eu(TTA)3(TPPO)2, (b) AA/Eu(TTA)3Phen, (c) AA/Eu(TTA)3Bipy and
d) AA/Eu(TTA)3·2H2O. The inset is the enlargement of fluorescence spectra
f AA/Eu(TTA)3·2H2O.

nd average molecular area of the mixed monolayer were both
ecorded by a computer. Therefore, π–A isotherm curve of the
ixed monolayer could be obtained. LB films were deposited at
constant surface pressure of 30 mN/m and a deposition speed
f 2 mm/min, containing AA with the molar ratio of 50%. The
ubstrates for LB films deposition were hydrophobic quartz
lides for UV–vis spectrum measurements and cover-glass
lides for the other measurements.

.4. Spectroscopy

A Shimadzu RF-5301PC Fluorescence Spectrophotometer
as used to measure fluorescence spectra of the LB films.
he excitation spectra were measured before the fluores-
ence spectra and the best excitation wavelengths were found
the best excitation wavelengths for exciting AA/Eu(TTA)3nL
B films were: 345 nm for AA/Eu(TTA)3Phen, 353 nm

or AA/Eu(TTA)3Bipy, 356 nm for AA/Eu(TTA)3(TPPO)2
nd 357 nm for AA/(Eu(TTA)3·2H2O), respectively). The
mall angle X-ray diffraction profile was recorded on a

HILIPS X’ PERT PRO X-ray diffract meter using Cu K�

ine (λ = 0.15418 nm) with DS = 1◦, SS = (1/8)◦, RS = 0.1 mm.
V–vis absorption spectra were measured with a 756PC Spec-

rophotometer (Shanghai).

c
T
e
p

ig. 3. (a) Process of light absorption, energy transfer and light emission of rare eart
obiology A: Chemistry 188 (2007) 218–225

. Results and discussion

.1. Fluorescence properties

The fluorescence spectra of the AA/Eu(TTA)3nL (AA:Eu =
:1) LB films is shown in Fig. 2. Five Eu3+ characteristic emis-
ion peaks which are assignable to 5D0 → 7Fj (j = 0–4) can be
bserved. In addition, the emission intensity of LB films contain-
ng Eu(TTA)3(TPPO)2 is the strongest; the emission intensity of
B films containing Eu(TTA)3·2H2O is the weakest. This result

s accordance with that derived from the vibrational energy.
he vibration of the P O is at around 1125 cm−1, C N is at
round 1601 cm−1, and O H is at around 3400 cm−1. The big-
er the wave number is, the more vibrational energy will be
onsumed, and the efficient energy, which is used to creating
uorescence, will be reduced [10]. The energy absorption and

ransfer process of rare earth complex is shown in Fig. 3a. When
he �-diketone ligand TTA absorbed the UV light, it will be at
xcited state. The energy of the excited TTA will be transferred
o the central ion Eu3+ as well as the synergetic ligand at a lower
evel. By the resonance and inductive effects, the synergetic lig-
nds can change the electron density at the keto-enol oxygen
etal-to-oxygen bond and the ease of transmission of excita-

ion energy through these bonds. As a result, these factors may
ffect the emission process of Eu3+ and thus influence the fluo-
escence intensity. The synergetic ligand TPPO with the biggest
olume, could effectively shield the excited Eu3+ from delete-
ious deactivation and it almost depletes no energy compared
ith others, thus LB films containing Eu(TTA)3(TPPO)2 has

he lower-energy vibrations and emits the strongest red light.
esides strongest red-light emission, more properties of LB
lms containing Eu(TTA)3(TPPO)2 will be discussed later in
separate part.

The relative intensity ratio R of 5D0 → 7F2 to 5D0 → 7F1
ransition is commonly used to measure the local symmetry of
u3+ [27,28] and is also used as monochromacity factor [22].

ncreasing the local symmetry of Eu3+ will lead a smaller R
R = I(5D0 → 7F2)/I(5D0 → 7F1)]. The value of R was also used
o describe the forming process and the supermolecular struc-
ures of LB films [22].

R values of AA/Eu(TTA)3nL (AA:Eu = 1:1) LB films were
alculated in terms of the spectra in Fig. 2 and are listed in

able 1. The results show that the bigger the volume of the syn-
rgetic ligands is, the bigger R is. It is known from experiment
art that LB films were fabricated at a high surface pressure

h complex. (b) Process of deformation of rare earth complex under pressure.
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Table 1
The value R of AA/ Eu(TTA)3nL = 1/1 LB films which were deposited at
30 mN/m

LB films R

AA/Eu(TTA)3(TPPO)2 = 1/1 LB film 10.4
AA/Eu(TTA)3Phen = 1/1 LB film 6.4
A
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π–A isotherms of AA/Eu(TTA)3nL with different molar frac-
tion were also measured as a function of XAA by using the same
method used in our previous work [31], from which relationship
A/Eu(TTA)3Bipy = 1/1 LB film 6.4
A/Eu(TTA)3·2H2O = 1/1 LB film 2.1

30 mN/m). Under this circumstance, the barrier would com-
ress the film at the air/subphase interface and the ligands would
eform (see Fig. 3b). Because the volume of TPPO is much big-
er than H2O, the degree of deformation of Eu(TTA)3(TPPO)2
ould be much more than that of Eu(TTA)3·2H2O, which results

hat R value of Eu(TTA)3(TPPO)2 is much bigger than that of
u(TTA)3·2H2O. Further more, from this point, it is easily to
educe that R values of LB films containing Eu(TTA)3Phen
nd Eu(TTA)3Bipy would be between R values of LB films
ontaining Eu(TTA)3(TPPO)2 and Eu(TTA)3·2H2O, because
he volume of Phen and Bipy were between TPPO and H2O.
rom Table 1, the result is identical with such a deduction. On

he other hand, it is also shown in Table 1 that R values of
A/Eu(TTA)3Phen and AA/Eu(TTA)3Bipy are both 6.4. This

esult is quite strange at first thinking, because R values of
u(TTA)3Phen and Eu(TTA)3Bipy is different in other systems

for example, in Eu(TTA)3nL doped PMMA [9] and in solu-
ion). Therefore, this character must have something to do with
he special structure of the LB films, and further discussion is
iven in the next part.

.2. Model for supermolecular structure of LB films
ontaining rare earth complexes

In this part, miscibility of AA and Eu(TTA)3nL were stud-
ed by measuring π–A isotherms with different amount of
u(TTA)3nL for each LB film, not only because it is needed

o explain the unique phenomenon mentioned above, but also
ecause miscibility is very important for the mechanical prop-
rties and applications of LB films.

Fig. 4 shows four typical π–A (π is the surface pressure and
is the average molecular area) isotherms of mixed AA and

u(TTA)3nL with XAA = 50% (molar fraction of AA). The com-
lexes could be divided into two classes according to the π–A
sotherms. Complexes with the synergetic ligands Bipy, TPPO
nd H2O belong to Class 1, the π–A isotherms of them have
nly one collapse pressure, indicating that the complexes are
ixed well with AA, and no phase separation occurs. Com-

lex with the synergetic ligand Phen belongs to Class 2. Its π–A
sotherm has two collapse pressure. It is known that the col-
apse pressure of the mixed films is a good indication of the

iscibility of the mixed system [29]. Two collapse pressures
ndicated that phase separation occurred during compression

nd one collapse pressure means good miscibility of the two
ompositions. Form the two collapse pressures as shown by
urve a in Fig. 4, Eu(TTA)3Phen is first squeezed out to form
ts own domains, which can be further explained by experi-

F
P

ig. 4. The π–A isotherms with the molar fraction of XAA:XEu = 1:1, (a)
A/Eu(TTA)3Phen, (b) AA/Eu(TTA)3Bipy, (c) AA/Eu(TTA)3(TPPO)2 and (d)
A/Eu(TTA)3·2H2O.

ent on limiting areas as a function of complex contents as
hown in Fig. 5 (the relationship of the limiting area (Alim)
f the first collapse and the molar fraction of Eu(TTA)3Phen
XEu)). A linear relationship can be found between Alim and
Eu. When XEu = 1, Alim = 1.26 nm2, which is associated with the
olecule area of Eu(TTA)3Phen and identical with the result for

he molecule area of the rare earth complexes obtained by MM2-
ptimized model [30]. When XEu = 0.5, a monolayer, composed
f Eu(TTA)3Phen and AA, was formed at Alim = 0.66 nm2. With
he pressure increasing during compressing, the first collapse
as taken place due to the collapse of the Eu(TTA)3Phen mono-

ayer, and Eu(TTA)3Phen was squeezed out to form its own
omains. In Zhang et al. [30], the structure of mixed Lang-
uir films of stearic acid/Eu(TTA)3Phen was studied, similar

esults were observed under fluorescence microscope and scan-
ing force microscopy (SFM).
ig. 5. Limiting areas (first collapse, ±2%) of mixed films of AA/Eu(TTA)3

hen as a function of XEu.
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ig. 6. Limiting areas (±2%) of AA, Eu(TTA)3nL,mixed films of
A/Eu(TTA)3nL at air/subphase interface as a function of XAA.

f limiting areas and XAA (Fig. 6) and compressibility and XAA
Fig. 7) can be obtained, and more difference between the two
lasses of mixed films can be found in Figs. 6 and 7.

Fig. 6 shows the limiting areas (for AA/Eu(TTA)3Phen, it is
he limiting area of the second collapse, different from the result
n Fig. 5) as a function of the molar fraction(XAA) of the mixture.

hen XAA = 0, it can be seen that each limiting area (calculated

rom the π–A isotherms) of complexes is much smaller than
he molecule area of the complex (about 1.2 nm2/molecule).
here are two possible factors for such a difference in limit-

ng areas: one comes from multilayer structure that will result

b

a
p

ig. 7. (�) E0(±2%) and (�) Eid of AA, Eu(TTA)3nL, mixed films of AA/Eu(TTA
2 mN/m. (a) AA/Eu(TTA)3Phen, (b) AA/Eu(TTA)3Bipy, (c) AA/Eu(TTA)3(TPPO)2
obiology A: Chemistry 188 (2007) 218–225

n smaller Alim and another from aggregate structure that results
n larger Alim. In multilayer structure, each molecule as a unit
rranged at the air/subphase interface, it is rather condensed, but
n aggregate structure, each aggregate as a unit arranged at the
ir/subphase interface, there must be some “interstices” among
he aggregates, because an aggregate is not as regular as a rare
arth complex molecule. The result shown in Fig. 6 indicates that
A/Eu(TTA)3Phen Langmuir films have bigger Alim, so aggre-
ates was formed; other LB films have smaller Alim, multilayer
tructure formed. On the other hand, it can be seen in Fig. 6 that
A/Eu(TTA)3Phen Langmuir films have bigger negative devia-

ion (compared with its own theoretical result for an ideal binary
ixed layer) than that of other systems, by which the conclusion

bove can be further conformed because there are some “inter-
tices” among the aggregates, AA can occupy these “interstices”,
nd there will be a bigger negative deviation when aggregates
ormed; in multilayer structure, it is quite condensed, there will
e only very small negative deviation because of the attracting
f the AA and the complexes [31]. It can also be found in Fig. 6
hat the limiting areas of AA/Eu(TTA)3Phen increases with the
ecreasing of XAA and the limiting areas of AA/Eu(TTA)3nL
L = TPPO, Bipy, H2O) increases. This is because the area occu-
ied by the aggregate is bigger than AA, and the area occupied
y the multilayer is smaller than AA. Further explain can be
btained by detailed analysis of the slope of isotherms given

elow.

The compressibility modulus of a film can be calculated
ccording to the formula E0 = −A(dπ/dA), where E0 is com-
ressibility modulus. For an ideal binary mixed monolayer, its

)3nL at the air/subphase interface as a function of XAA at the surface pressure
and (d) AA/Eu(TTA)3·2H2O.
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ompressibility modulus (Eid) can be easily derived by applying
he equation A12 = X1A1 + X2A2 (A1, A2, A12 represent the molec-
lar area of monolayer of each component and their mixture,
espectively; X1, X2 represent the molar fraction of each compo-
ent), and is given by: Eid = A12E1E2/(X1A1E2 + X2A2E1), where
1 = −A1(dπ/dA1) and E2 = −A2(dπ/dA2) are the compressibil-

ty modulus of the individual monolayer, respectively. This value
s particularly interesting for the description of the film phase
ehavior and for investigating the miscibility of two pure com-
onents in the mixed film at the air/subphase interface [31–33].
n Fig. 7, the values of E0 and Eid are shown for LB films contain-
ng each rare earth complex, from which E0 of the mixed films
A/Eu(TTA)3Phen had negative deviations to Eid, and E0 of the
ther three systems had positive deviations to Eid. A negative
eviation (AA/Eu(TTA)3Phen system) means the film-forming
olecules have repulsive interactions at the air/subphase inter-

ace, and phase separation took place. A positive deviation (the
ther three systems) means the mixed films are more compress-
ble than the idea compression of the pure component’s films,
wo components of the mixed films must mixed well and have
ttractive interactions at the air/subphase interface.

From what had been discussed above, possible supermolec-
lar structures of AA/Eu(TTA)3nL were proposed as shown in
ig. 8. In Fig. 8a, the model of AA/Eu(TTA)3Phen phase change
t the air/subphase is shown. State (I) is a classical “gas” film,
here is no increment of the surface pressure. As the barrier
ompresses the film, the surface pressure begins to increase at a
oint, phase change occurred. From Fig. 5, it is known that state
II) is the process of forming Eu(TTA)3Phen monolayer. When
he surface pressure reaches a maximum (about 8 mN/m), the
lm collapsed, it is the collapse of Eu(TTA)3Phen monolayer.
u(TTA)3Phen was squeezed out to form aggregates. As the bar-

ier compresses the film, surface pressure has a rapid increment.
he film is compressed to a condensed “solid” state. That is the
tate (III).

In Fig. 8b, the model of AA/Eu(TTA)3nL (L = Bipy, H2O,
PPO) is shown. This model is similar to the model in our previ-
us work [34] when rare earth complexes have good miscibility
ith AA. State (I) is also a classical “gas” film. State (II) is a

lassical “liquid” film. The film forming molecules begin to pack
ogether. State (III) is the state of the “solid” film. The slope is
igger and did not change in this state. It is a very condensed
tate. AA keeps its monolayer state (see Fig. 10) and rare earth
omplexes formed multilayer.

According to the model above, it is easier now to understand
hat complexes with different synergetic ligands Phen and Bipy
ave the same R values (as shown in Table 1). Because the vol-
me of Phen is larger than that of Bipy, R value of Eu(TTA)3Phen
s larger than that of Eu(TTA)3Bipy in solid system [10]. How-
ver, in LB film system, due to the supermolecular structures,
u(TTA)3Bipy is mixed well with AA and has a small limit-

ng area compared with Eu(TTA)3Phen in aggregates. Under
his circumstance, the degree of deformation of Eu(TTA)3Bipy
ould be more than that of Eu(TTA) Phen, which would result
3

n increasing of R value. If we consider both the molecular struc-
ure and the supermolecular structure of AA/Eu(TTA)3Phen and
A/Eu(TTA)3Bipy, the same R values of them is understand-

i
t
E

ig. 8. Possible supermolecular structures of AA/Eu(TTA)3nL mixed films
t the air/subphase interface (a) AA/Eu(TTA)3Phen and (b) AA/Eu(TTA)3nL
L = Bipy, TPPO, H2O).

ble. This fact reveals that R could be affected by both of the
olume of the ligand (molecular structure) and the supermolec-
lar structures.

.3. Fluorescence of AA/Eu(TTA)3(TPPO)2 LB film

Eu(TTA)3(TPPO)2 doped PMMA has been found to have
he longest radiative time compared to complexes with other
ynergetic ligands [10]. In LB film system, it is also found it
ave the strongest emission as shown in Fig. 2. In this part,
elationship between fluorescence and supermolecular structure
f AA/Eu(TTA)3(TPPO)2 LB film is discussed.

The UV–vis spectra of Eu(TTA)3(TPPO)2 in CHCl3 solu-
ion and AA/Eu(TTA)3(TPPO)2 LB film are shown in Fig. 9.
trong absorption bands according to the � → �* transition of

he ligands of Eu(TTA)3(TPPO)2 can be observed. The complex
xhibits a UV absorption peak at 341 nm in CHCl3 solution,
hich is red-shifted to 359 nm in LB film. The UV spectral
ifferences observed between the solution and the LB film
n the film [35,36] and the complex has a strong interac-
ion with AA [31]. The red-shift of UV absorption peak of
u(TTA)3Phen in LB films to CHCl3 solution is only 3 nm
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ig. 9. UV–vis spectra of Eu(TTA)3(TPPO)2 CHCl3 solution and AA/Eu(TTA)3

TPPO)2 LB film.

see supplementary materials, Fig. S1), which indicates that
he interaction between AA and Eu(TTA)3Phen is weaker than
hat of AA and Eu(TTA)3(TPPO)2. This result is accordance
ith the result obtained from the film supermolecular structure

tudy at the air/subphase interface: Eu(TTA)3(TPPO)2 mixes
ell with AA, and Eu(TTA)3Phen not, there is phase separation
etween Eu(TTA)3Phen and AA, so the interaction of AA and
u(TTA)3Phen is weaker.

Small angle X-ray diffraction pattern of a 26-layer
A/Eu(TTA)3(TPPO)2 LB film is shown in Fig. 10. Several
ragg diffraction peaks can be observed in the range 2θ = 1–10◦

ndicating the presence of a regular, periodic structure in the
B film. The identity period of the LB film can be expressed
s d = ld0 0 l. From this equation, the identity period of the LB
lm is calculated to be d = 5.47 nm, which is comparable to the
ell-known fatty acid salt LB films. This result reveals that AA
an be used to control the film thickness at nanometer-scale very
ell.
Fluorescence spectroscopy of the AA/Eu(TTA)3(TPPO)2

B films in different number of layers is shown in Fig. 11.

ig. 10. Small angle X-ray diffraction pattern of 26-layer AA/Eu(TTA)3

TPPO)2 LB film.
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nt number of layers. The inset is the plot of the emission intensity of 5D0 → 7F2

s. the number of layers.

hen the number of layers increasing, the emission inten-
ity also increased. The linear relationship between emission
ntensity of 5D0 → 7F2 (peak around 615 nm) and the number
f layers is directly resulted from the successive and regular
eposition of AA/Eu(TTA)3(TPPO)2 LB films. This means that
u(TTA)3(TPPO)2 does not only mix well with AA in the Lang-
uir monolayer but also has a vertical uniformity in the LB films.

t also indicates that there is no aggregate structure between lay-
rs and no quenching effect of the fluorescence, which would
irectly result in that the fluorescence intensity of the films could
e modulated by depositing different number of layers. All these
haracteristics are good enough to allow AA/Eu(TTA)3(TPPO)2
B films to make into high quality optical devices.

. Conclusion

In this paper, Langmuir and Langmuir–Blodgett films con-
aining four europium complexes with different synergetic
igands are studied. The fluorescence enhancement of rare earth
omplexes in the LB films resulted from synergetic ligands was
bserved for the first time. A parameter R is discussed in detail.
hrough film behavior study, it is found the π–A isotherms’
hapes, forms of collapse, limiting areas, and compressibility
odulus of Eu(TTA)3Phen containing LB films are different

rom those of the other three europium complexes. It indicates
hat the aggregate supermolecular structure is formed in LB film
ontaining Eu(TTA)3Phen, and multilayer structure in LB films
ontaining other three europium complexes. The degree of defor-
ation of Eu(TTA)3Bipy is more than that of Eu(TTA)3Phen
ithin LB films, which results in unique increasing of R value
f Eu(TTA)3Bipy. AA/Eu(TTA)3(TPPO)2 LB films is found not

nly to have the strongest red light emission, the best monochro-
acity, good miscibility with AA but also have condensed

tructure, controllable nanometer-scale thickness and vertical
niformity which allow it to be used as high quality ultrathin
ptical devices.
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