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Abstact: Micro-sized complex of [Sm(Pic),(H.0)(EO4)](Pic).H,O (where EO4 =
tetraethylene glycol, Pic = picrate anion) and its micro-sized polymethyl methacrylate
(PMMA) composite have been synthesized by one step (in-situ method) and three steps
(reprecipitation-evaporation) methods. Fluorescence intensity of ion Sm®* ion in the Sm-Pic-
EO4/PMMA micro-sized composite is higher than that in the Sm-Pic-EOQ4 micro-sized complex.
The composite is potential to be applied as a luminescent center in organic light emitting
devices for bright-orange emission coming from Sm?* ions. This micro-sized rare earth metal and
its composite can be used for engineering application.
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1. Introduction

The hybrid materials based on the organic and
inorganic components have been extensively investigated
because of their potential mostly for optical applications ¥
2, Fluorescence properties of lanthanides can be increased
by co-doping with polymer ?, making the lanthanide
complexes essentially potential for photonic and/or
organic light emitting devices (OLED) applications.

Rare earth metal complex-doped polymers are
important because they still have the properties of the
lanthanide complex, while they have a mechanically
flexible. The stable transparent lanthanide complex-doped
polymers can be formed from solution by mixing
lanthanide complex with polymer matrix by spin-coating
into uniform thin films.

Although samarium ion, Sm®*, generally has a low
fluorescence %9, it is an interesting lanthanide emitter
because of its bright-orange color. Therefore, Sm®*
complexes and their composites have been
investigated for applications in optical, lighting,

fiber optic, and gas sensor 6%, The Sm* complexes
display very large Stokes shift between the maxima
of its absorption and emission spectrum and narrow
bandwidth of emitted light 2. This character make it
an excellent candidate for application in fluorescent
probes in polymer industry 2.

The synthesis of [Sm(Pic)2(H.0)(EO4)](Pic).H,O
complex (where EO4 = tetraethylene glycol, Pic =
picrate anion) and its application as a luminescent
center in OLED for bright emission have been
explored 1®. On the other hand, micro-sized
europium-picrate-triethylene glycol (Eu-EO3-Pic)
complex was doped with poly(methyl methacrylate),
PMMA, has also investigated ). These micro-sized
rare earth metal complexes were synthesized by
reprecipitation-evaporation method. The method is not
only suitable for the synthesis of rare earth metal
complexes, but it has also been recommended for
preparation of micro- and nano-sized particles.
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The reported results indicated that the PMMA can
be used to enhance the fluorescence intensity of the
composites of lanthanide complexes 7. Thus, mixing the
polymers with lanthanides in the formation of materials or
composite can enhance the optical properties 8. The role
of the PMMA polymer in composites is to enhance the
luminescence via preventing quenching process %13 17-
19, PMMA also can increase the electrical conductivity,
photoconductivity, photo-induced charge transfer,
photoluminescent, mechanical and magnetic properties
of the composites 2%. Organic-inorganic hybrid
luminescent materials based on rare earth metal organic
complexes has also reported by Feng and Zhang Y. The
other polymer such as poly(p-phenylene vinylene was
reported for carrier density and mobility in n-doped
poly(p-phenylene vinylene) ?2. On the other hand, the Si
and Cr doping effects on growth and mechanical
properties of ultrananocrystalline diamond/amorphous
carbon composite films deposited on cemented carbide
substrates by coaxial arc plasma deposition has also
reported by Egiza and coworkers 23,

In this study, micro-sized
[Sm(Pic).(H.0)(EO4)](Pic).H,O complex and its
PMMA composite were synthesized by one step (in-
situ) and three steps (reprecipitation-evaporation)
methods. The micro-sized complex and composite
were characterized in details, including their
fluorescence properties. The sharp and intense orange
luminescence from this micro-sized complex and its
composite are anticipated to be the emitter suitable for
orange OLED. In addition, aluminum (Al) foil was used
as substrate as it is a better source of AI** ions for
complexation with monoprotic bidentate chelating
ligand, which can form complex with many metal
ions 2429,

2. Experimental

2.1 Materials

Tetraethylene glycol [CsH180s, 99.5 %] and PMMA
with MW = 120000 were purchased from Across (New
Jersey, USA). Picric acid [(NO)3CsH,OH, 98%] was
purchased from BDH (Poole, England). [Sm(NOs)s.
6H,0] salt with a grade of 99.9 % was purchased from
Johnson Matthay Electronics (Milwaukee, USA).
Other chemicals and solvent were at least of analytical
grade and were used without further purification.

2.2 Preparation of the bulk

[Sm(Pic)2(H20)(EO4)](Pic). H20 complex
The preparation bulk Sm complex was the same as
that in the analogous Sm complex M. All starting
materials, i.e. EO4 (0.78 g, 4 mmol), HPic (0.91 g, 4
mmol), Sm(NO3);.6H.0 (0.434 g, 1 mmol) were mixed
together into 50 mL beaker containing 15 mL of
acetonitrile:methanol  (1:1v/v). To allow a slow

evaporation of solution at room temperature, a beaker was
covered by aluminum foil with small hole in aluminum.
The bulk Sm complex was isolated after three days under
room temperature. This complex was named as bulk Sm
complex which was further used for preparation of micro-
sized Sm complex.

2.3 Preparation of the micro-sized Sm complex

The micro-sized Sm complex was prepared by mixing
crystalline solids of bulk Sm complex (0.02 g) and 1 mL
aquabidest at 40°C in a reaction tube. The solution was
cooled at room temperature. A clear yellow solution was
dispersed in chloroform with a ratio of complex 1:2, the
solution was dispersed onto glass slides. After that, the
glass slide was dried in desiccator. Upon complete drying,
micro-sized Sm complex was obtained for further
characterization.

2.4 Preparation of micro-sized Sm/PMMA composite

using one step (in situ) method

All of the Sm(NO3)3.6H,0 salt (0.01 g), picric acid
(0.02 g) and EO4 (0.02 g), PMMA (0.95 g) were mixed
and under stirring into 10 mL acetone in a beaker. The
Sm/PMMA composite solution was coated on Al
substrate using a speed of 100 rpm for 2 min. The micro-
sized composite using one step SM/PMMA was obtained
and further characterization.
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Fig. 1. Comparison the excitation properties of micro-sized
Sm complex and its composite that prepared by three steps
with emission wavelength of 594 nm

2.5 Preparation of micro-sized Sm/PMMA composite

using three steps method

The micro-sized SmM/PMMA composite was prepared
using three steps according the method previously
reported 1. The composite was prepared by mixing all of
the micro-sized Sm complex (0.0025 g), PMMA (0.98 g)
with ratio of 1: 392 in 10 mL acetone in a reaction tube. The
solution was coated onto Aluminum (Al) substrate with a
speed of 100 rpm using spin coating method. This
composite was named as micro-sized Sm/PMMA
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composite.

2.6 Physical measurements

Fluorescence properties of samples were analyzed
using Fluorescence Spectrophotometer (Type F 2000,
Hitachi) at room temperature with a xenon light source,
and the excitation and emission slits used were both
10 nm. The compounds of Sm (0.01 g) was dissolved in
acetonitrile (5 mL). The emission spectrum of the solution
was scanned from 220 to 800 nm at 240 nm/min. Particle
size of samples were determined using Malvern
Instruments, Zetasizer Nano Series, nano S (Red Badge)
Model ZEN1600. The compound (0.0065 g) was
dissolved in 5 mL double distilled water. The spectrum
size distribution was scanned from 10 to 10,000 nm.

3. Results and Discussion

3.1 Fluorescence Characterization

Fluorescence properties of micro-sized Sm complex
and its micro-sized Sm/PMMA composite that prepared
by three steps at excitation wavelength of 295 nm is
shown in Figure 1. This excitation wavelength was
selected to obtain the highest intensity of emission
property 29, The excitation spectrum of the micro-sized
Sm complex and its composite display a broad band (280
— 310 nm) with maxima at 292 and 297 nm, respectively,
which corresponds to the excitation of the EO4 ligand 1,

The emission spectrum of micro-sized Sm/PMMA
composite show a broad peak (560 — 630 nm) with
maxima at 594 nm, while for micro-sized Sm complex
displays a peak (590 — 600 nm) with maxima at 594
nm. This typical spectral features of the micro-sized
Sm complex and its composite that prepared by three
steps is assigned with hypersensitive emission peak at
594 nm. This peak is assigned for *Gs2-6Hy/, transition
and it is also related to the characteristic emission of
the Sm®* ions ¥ (see Fig. 2). The intensity of the
hypersensitive *Gs;-®H72 transition is higher in the
micro-sized composite. The magnetic dipole transition
of the micro-sized Sm/PMMA composite exhibits
obtrusive peak at 594 nm, whereas this transition is
very weak in the micro-sized Sm complex.

Fig. 2. Comparison the emission properties of micro-sized
Sm complex and its composite that prepared by three steps
with excitation wavelength of 295 nm

Figs. 3 and 4 showed the comparison of excitation and
emission spectra of micro-sized Sm/PMMA complex
composite that synthesized using one step and three
steps methods, respectively. The intensity of micro-
sized complex composite that prepared using one and
three steps are significantly different. The synthesizing
and mixing technology for preparation of micro-sized Sm
complex composite has successfully. By doping with
PMMA, the emission intensity of micro-sized composite

increased more than six thousand folds (see Fig. 2). In this
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study, by using a polymer and small size of complex by
dispersing in the micro-sized Sm complex as an emitter
layer into a host material (PMMA) can prevent the
luminescence quenching.
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Fig 3. Comparison the excitation properties of Sm/PMMA
micro-sized complex composite with emission wavelength

of 594 nm
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Fig. 4. Comparison the emission properties of micro-sized

Sm/PMMA complex composite that synthesized using one

step and three steps methods with excitation wavelength of
295 nm

3.2 Particle size distribution studies

In this study, the colloidal of Sm complex was prepared
in a solution with water suspension. The particle size
distribution of micro-sized [Sm(Pic).(H20)(EO4)](Pic).
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H,0 complex, Sm/PMMA composite by three steps and
micro-sized Sm/PMMA composite by in-situ method
were 525.4, 623.6 and 831.4 nm, respectively (see Figs. 5
— 7). Particle size distribution of micro-sized Sm/PMMA
composite using three steps is higher than those found for
the micro-sized composite using in-situ method because
of the agglomeration of bulk Sm complex in composite
form. Even though, it is noted that preparation of micro-
sized composite by one step (in-situ method) and three
steps (reprecipitation-evaporation method) have
successfully synthesized. However, the emission
intensity and particle size distribution of them are
different. Increasing the particle size distribution of
micro-sized Sm complex after doped with PMMA
because the concentration of PMMA in Al substrate was
dominant than those found in the micro-sized Sm
complex. The combination of micro-sized Sm/PMMA
composite and its Al substrate is covalently bonded and
resulted in the production of micro-sized composite with
flourescent properties in the orange regions and suitable
for emission of Sm®" ions. These micro-sized rare earth
metal and their composites can be used as an active
component for engineering application.  Low cost
adsorbent can be produced from this composite and used
for removal of dyes, toxic anions and heavy metals in
wastewater. The use of these composites for separation of
toxic elements from waste water is very interesting to be
developed because these rare earth metals that are capable
of binding to anions such as sulfate and fluoride ions.
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Fig. 5. The micro-sized Sm complex of with particle size
distribution of 525.4 nm
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Fig. 6. The micro-sized Sm/PMMA composite of that prepared
with three steps with particle size distribution of 623.6 nm
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Fig. 7. The micro-sized Sm/PMMA composite of that prepared
with single (one) step with particle size distribution of 831.4
nm

4. Conclusion

The flourescence of the micro-sized complex of
samarium ion as a function of its environment of polymer
poly(methylmethacrylate), PMMA, and different
substrates are important to evaluate the fluorescence
character, energy transfer process and the effects of
PMMA polymers and theirs thin film substrates. The
micro-sized (Sm(Pic)2(EO4)(H.0),](Pic) complex was
prepared using one step (in-situ) and three steps
(evaporation and re-precipitation) methods, then they
were doped with PMMA, after that following to coated
with Al substrate. The combination of Sm/PMMA
micro-sized composite and its substrate is covalently
bonded and resulted in the production of micro-sized
composite with fluorescence spectra in the orange
regions and suitable for emission of Sm3* ions. These
results showed the fluorescence intensity of ion
Sm?3* ion in micro-sized composite is higher than only
micro-sized complex. Finally, the micro-sized Sm
complex and its composite can be used as a
luminescent center in organic light emitting devices
(OLED) for bright-orange emission coming from Sm?3*
ions. Further research, these micro-sized rare earth
metal and composites can be used as an active
component for engineering application.
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