276

Chemistry Letters 2001

A Luminescent Samarium Complex in Ring Microstructurein LB Films
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Sm(TTA);Phen domains in a ring pattern were assembled
by the Langmuir—Blodgett (LB) film technique. The domain
pattern was observed by Brewster angle microscopy (BAM) at
air/liquid interface and by atomic force microscopy (AFM) on
mica. Under the electrostatic forces, Sm(TTA);Phen molecules
move towards and nucleate at the edge of the stearic acid (SA)
domains exhibiting gradient electric field, resulting in the for-
mation of ring domains of the samarium complex.

Rare earth complexes have been studied since the first half
of 20th century.’* With the rapid development of
Langmuir-Blodgett (LB) film in the past 20 years, the com-
plexes begin to be studied by using this method at the molecular
level 58 as what has been done for other compounds, especially
biological molecules.®12

A lot more significant work about microstructure should be
carried out in the LB film, sinceit is a powerful technique at the
molecular level. However, previous studies about rare earth
complexes in the LB film were concentrated on the novel fluo-
rescence character, intermolecular and intramolecular energy
transfer schemes.>81314 From the viewpoint of material sci-
ence, molecular distribution has a close relationship with the
macroscopic property. Many methods including external elec-
tric field'>16 have been sought to achieve certain domain
shapes. This paper addresses an easy method to get regular ring
domains of Sm(TTA);Phen (TTA denotes thenoyltrifluoroace-
tone; Phen denotes 1,10-phenanthroline.) with intense fluores-
cence emission by adjusting several factors involving in the
fabrication process of the LB film. The interaction between
samarium complexes and stearic acid (SA) in the double-com-
ponent LB filmsis also addressed in thiswork. The results will
be helpful for practical application in areas relating to ultrathin
luminescence devices as well as anti-forgery techniques.

At the beginning of compression, no textures could be
observed in the Sm(TTA);Phen/SA (in a molar ratio of 1:1)
monolayer. When surface pressure reached 3 mNIm, round
black domains began to form (Figure 1a). At 9 mN?, bright
ring domains generating at the edge of round domains could be
distinguished (Figure 1b). Then ring domains grew thicker and
thicker. Finally, they stopped growing and packed closely
(Figure 1c). The inner black domains had a diameter range of
3-20 pum, the bright ring domains had a thickness about 2 pm.

It is well known that, for Brewster angle measurement
(BAM), difference of reflected light intensity from air/liquid
interface implies the existence of different phases. The bright
ring domains and the black core domains should be made of
different phases. Surface-pressure versus area per molecule
(TeA) isotherms show that, a phase transition plateau appears at

9 MmN in the Sm(TTA);Phen/SA (1:1) monolayer (Figure 1-
1), corresponding to the formation of ring domains. Combining
the fact that a similar plateau appears in the Sm(TTA);Phen
monolayer (Figure 1-11), it can be deduced that, the ring
domains are made of Sm(TTA);Phen, and the inner round
domains are made of SA. Due to the similar physical property
between Eu(l1l) and Sm(l1l) since they are in the lanthanide
series,” the result in this paper is consistent with our previous
study on the assignment for ring/core microstructure in
Eu(TTA);Phen/SA (1:1) monolayer,'8 where the ring domains
are assigned to Eu(TTA);Phen by fluorescence microscopy
(FM). Since Sm(TTA);Phen emits much weaker fluorescence
than Eu(TTA);Phen in monolayer at air/liquid interface, the flu-
orescence could not be photographed and shown.
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Figure 1. w-A isotherms of (I) Sm(TTA),Phen/SA (in a molar
ratio of 1:1) and (II) Sm(TTA),Phen monolayer at air/liquid
interface on a composite subphase. The insets are BAM
micrographs of Sm(TTA),Phen/SA (1:1) monolayer at (a) 3
mN-m™; (b) 9 mN-m™ and (c) 9.5 mN-m™.

When increasing the molar ratio of SA to Sm(TTA);Phen/SA
= 1/6, ring domains of SM(TTA);Phen with the thickness of 2 pm
could till be observed surrounding bigger SA round domains in
the diameter range of 5-50 um. However, when decreasing the
SA ratio, ring domains could not be observed.

No ring domains could be observed for mixed monolayers
of Sm(TTA);Phen with SA in a molar ratio of 1:1 on a pure
water subphase, because only a little samarium complex
remains in the monolayer due to its dissolution and dissociation
in water. As a result, we prepared composite subphases with
saturated Sm(TTA);Phen and the ligands to assure the stable
existence of the samarium complex in the monolayer at air/lig-
uid interface.
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The Sm(TTA);Phen/SA (1:1) monolayer could be trans-
ferred onto solid substrates by a horizontal lifting method with
well-kept ring domains. Figure 2 shows the AFM micrograph
of Sm(TTA);Phen/SA (1:1) on micatransferred from the mono-
layer at a surface pressure of 9.5 mNIh. Three areas can be
clearly recognized: the ring domains made of Sm(TTA);Phen;
the inner round domains made of SA, and the matrix part made
of the mixture of Sm(TTA);Phen/SA. The defectsin thisimage
are attributed to the dewetting effect of the monolayer when the
LB film is air/dried. Combining the fact that Sm(TTA);Phen
itself could not be transferred well onto solid substrate if the
monolayer did not contain SA %7 it can be deduced that, SA in
the double-component system not only triggers Sm(TTA);Phen
to form ring domains, but also helps the complex to transfer
onto solid substrates.

Figure 2. AFM micrograph of Sm(TTA),Phen/SA (in a molar
ratio of 1:1) on mica. The surface pressure during transfer from
the monolayer at air/liquid interface is 9.5 mN-m™.

The formation scheme of Sm(TTA);Phen ring domains is
discussed as follows. When the SA molecules in gaseous state
in the monolayer come closer enough to each other, the interac-
tion between the aliphatic chains attract SA molecules together,
corresponding to a nucleation process of SA domains. Then the
diameter of SA domains increases with the joining of neighbor
SA molecules in the mixture of SA and Sm(TTA);Phen. During
the formation process of SA domains, Sm(TTA);Phen mole-
cules in matrix area come closer to SA domains. As we know,
SA domains exhibit electric gradient field resulting from the
highly ordered orientation of SA molecules with dipole
moment.%2  Moreover, the Sm(TTA);Phen molecules is an
asymmetric molecule with a dipole moment of 4 D calculated
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by a MOPAC semi-empirical program. Under the electric gra-
dient field of SA domains, nucleation of Sm(TTA);Phen takes
place at the prefer site — the edge of SA domains at the air/lig-
uid interface. With decrease of monolayer area, the
Sm(TTA);Phen molecules compressed close enough to the ring
domains will join them. With the growth of ring domains, the
electric gradient field of SA domains is gradually weakened so
that Sm(TTA);Phen molecules will not join them further,
resulting in the termination of ring domain growth.
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