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Fabrication and Photoluminescence of EuPO,Zn@MCM-41 Composite

CAO Yuan™ YUAN Qing-Hua MU Xiao-Jing XU Yan-Qin LIU Bo-Lin
(Institute of Chemistry and Chemical Engineering, Chongging University, Chongqing 400030)

Abstract: MCM-41 was synthesized by microwave assisted hydro-thermal method. The FEuPO,:Zn@MCM-41
composite materials were obtained by doping the EuPO,:Zn crystal onto the MCM-41 through a simple Pechini sol-
gel process. The materials were characterized by XRD, N, adsorption/desorption, FTIR, SEM, TEM, EDS, and
photoluminescence (PL) spectraoscopy. The PL spectra reveal that Pure EuPO,:Zn powders do not show any PL
emissions, however, EuP0,:Zn@MCM-41 composites show strong blue (468 nm) and orange (593 nm) PL emissions.
The main bands at 593 nm are ascribed to the *Dy-"F) transitions of Eu** and are the magnetic-dipole (M1) allowed
transition, governed by the symmetry of the Eu’* centers. The control factors for the PL intensity emitted at 593 nm
were investigated by monofactorial analysis on prameters such as the amount of Eu(NO;); and Zn(NO3),, the
calcination temperature and calcination time. The PL results show that the dispersing effect of MCM-41 can decrease
the agglomeration of EuPO,:Zn particles thus making the particles smaller. Besides, larger splitting of Eu** centers
and less overlapping of Eu’* electron atmosphere are achieved by the MCM-41, suggesting that MCM-41 is an

effective host for Eu* complexes for lowering the luminescence quenching effect.
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The lanthanide compounds play a very important
role in the luminescent materials, especially the
compounds of Eu**!"3 If the particle of the luminescent
materials is in nanometer range, there will be some
special characters such as quantum confinement,
electric, magnetic effects, making the luminescent
materials much higher quantum yield®. However, the
quantum yield of the luminescent materials was
affected by the agglomeration of the powders, which
quenches the PL sharply. In this respect, the problem
about dispersion of the powders will be a critical issue.
If suitable inorganic host materials with good thermal
properties as well as chemical stability are found, the
problem of the powders’ dispersion will be resolved
properly. The MCM-41 mesoporous molecular sieves”®
with the pore size ranged from 2 to 10 nm have high
specific surface area, good thermal properties, and
chemical stability. Recently, some applications in carr-
iers for luminescent materials have been reported®",
The Eu’®* complexes encapsulated in MCM-41 have
extensive applications, such as drug release!". Besides,
it can be used as sensors for gas or fluid, or used to
make the electronic equipment, as well as the
amplification in the dye laser'™.

We report here the synthesis of MCM-41 by
microwave assisted hydro-thermal method and the roles
of MCM-41 played in fabrication of composite materials
EuPO,:Zn@MCM-41. The obtained composite materials

emit both blue and orange fluorescence.
1 Experimental

1.1 Preparation of MCM-41

The MCM-41 was synthesized by microwave
assisted hydro-thermal method. First, cetyltrimenthy-
lammonnium bromide (CTAB, 0.6 g) was dissolved into
water (250 mL) and stirred for 10 min, then 3.5 mL 2
mol L' NaOH was added and stirred for 10 min. Then,
2.5 mL of tetraethoxysilane (TEOS) was added into the
solution with vigorous stirring for 1 hour. The mixture
was loaded into microwave oven (TCMC-204) and
heated for 1 hour under 120 W. The resultant solid was
filtered and then rinsed with deionized water. Then it

was dried at 80 °C for 5 h. To remove the surfactants,

the synthesized material was heated at 550 °C for 5 h.
The obtained MCM-41 was denoted as A.
1.2 Fabrication of EuPO2Zn@MCM-41

The EuPO,:Zn@MCM-41 composites were synthe-
sized according to the literature with some modifica-
tion. 1 mmol EuNO;:6H,0 and 2 mmol Zn(NOs), -
6H,0 were dissolved in 5 mL distilled water. Then
2 mmol (NH,),HPO, was added into the above mixture
and the white sediment was observed. 20 mL of water-
ethanol (V/V=15:5) solution with 0.840 6 g of citric acid
was used as a chelating agent for the metal ions.
Polyethylene glycol was added as a cross-linking agent
with a concentration of 0.20 g +-mL™. The solution was
stirred for 1 h to form a sol, and then the MCM-41
powder (A) was added with stirring. The suspension was
further stirred for another 3 h, and then the final
particles were separated by centrifugation. After that,
the samples were immediately dried at 100 °C for 1 h.
Then the dried samples were heated to 800 °C with a
heating rate of 20 “C -min™', and held at this temperature
for 5 h. The composite material of EuPO,Zn@MCM-41
(B) was obtained.
1.3 Fabrication of pure EuPO,Zn

For the purpose of comparison, the EuP0,:Zn was
fabricated in a similar process to produce EuPO,:
Zn@MCM-41powder. However, there was no need to
add the powder of MCM-41 in the sol Eu**. Then the
composite sol (C) was annealed in the same process.
1.4 Characterization

Wide-angle XRD data (D/MAX-II CX) were
recorded, using nickel-filtered Cu Ka radiation (A =
0.154 18 nm) with a scan speed of 2° *min~". The N,
adsorption/desorption isotherms were measured at
-198.938 C in the relative pressure range of 0.0~1.0
using a Micromeritics on the volumetric adsorption
analyzer (ASAP 2 020 V 3.01 H). The specific surface
area was calculated by Brunauer-Emmett-Teller (BET)
analysis, pore size and volume was estimated using
Barret-Joner-Halenda (BJH) model. TEM (JEOL JEM-
2010) at 200 kV was used to examine particle size and
shape of samples. SEM  (FEI SIRION100) observation
was carried out at operating voltages varying from 1.0 to

30.0 kV. Elemental analysis was performed using an
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energy-dispersive spectrometer (EDS) attached to TEM
instrument. The fluorescence experiments were carried
out on a RF-5301PC spectrometer. The slit width was 5
nm, and excitation and emission wavelengths were 394

nm and 593 nm.
2 Results and discussion

2.1 XRD analysis

The powder XRD pattern for MCM-41 was
illustrated in Fig.1(a).
exhibits the characteristic diffraction peaks ((100) 26=
2.76°), ((110), 260=4.60°), and ((200), 260 =5.26°),

reflecting the typically hexagonal structure regularity of

The diffraction patterns clearly

MCM-41, in agreement with the literature report"®. The
cell parameter @y=2d,/V 3 , @%=3.69 nm. The compo-

sites B also show the characteristic diffraction peak
(100), however, the (110) and (200) peaks disappear
under 800 °C suggesting that the order of the MCM-41
decreases a little. Compared to A and B, there are not
any observable diffraction peaks from C. Wide-angle
XRD (2°~80°) patterns for A, B, C, and the standard
(PDF No.83-0654) are

data of EuPO, as a reference
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Fig.1 Low-angle XRD patterns and wide-angle XRD
patterns for A, B and C

illustrated in Fig.1(b). The characteristic diffractions of
EuPO, crystal (PDF No. 83-0654) also are observed in
sample C, indicating that a pure phase of EuPO, has
already formed. The EDS analysis was performed on the
B composites, and the contents of all the elements are
shown in Table 1. The results show that the molar
content of Eu, Zn and P is 9.44%, 0.37% and 9.80%,
respectively. The XRD results indicate that the
stoichiometry is 9.44%:9.44% for all Eu’* with PO~
and the main crystalline phase is EuPO,. The residual
PO/~ in the EuPO, crystal is 0.36% which could be
coordinated with 0.37% of Zn**, however, the diffrac-
tions of Zn,P,0; or ZnO are not detected. The new
synthesized composites are denoted as EuPO,:Zn@
MCM-41. Fig.1(b) also shows the characteristic diff-
ractions of sample A and C in B, suggesting the EuPO,:
Zn has been loaded on the surface or in channel of

MCM-41.
Table 1 Molar content in the composite of
EuPO;Zn@MCM-41 by EDS

Element Peak area Weight / % Atom / %
0 3367 30.92 62.98
Si 2 958 15.01 17.41
P 1852 9.32 9.80
Zn 102 0.74 0.37
Eu 4 191 44.02 9.44

2.2 N, adsorption/desorption and FTIR analysis
The respective adsorption/desorption isotherms of
A and B are shown in Fig.2. Both A and B show typical
IV isotherms Hl-hysteresis with p/p, of 0.0 to 1.0,
characteristic of mesoporous silicate material. The
volume of A is nearly twice of B suggesting that small

size EuPO,:Zn particles are encapsulated in the pores of
450
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Fig.2 N, adsorption/desorption isotherms of A and B
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A. The corresponding pore sizes calculated from the
absorption branch of N, adsorption/desorption isotherms
are shown in Table 2.

Table 2 Parameters of N, adsorption/desorption

isotherms for A and B

Pore volume / BET surface
Sample Pore size / nm
(em®- g™ area / (m*+g™)
A 0.676 3.113 956
B 0.369 3.015 586

Fig.3 shows FTIR spectra of A and B. The rather
broad band centered at 3460 cm™ is due to adsorbed or
hydrogen-bonded water molecules!"”. The peak at 1 640
em™ can be attributed to the flexion vibration of O-H
groups of water molecules. The bands at 1 080, 803,
465 ¢cm™ are antisymmetry, symmetry stretching vibra-
tions, and bending vibration of the mesoporous frame
work (Si-O-Si) bridges, respectively ™. Compared with
(1773, 1 342, 1 230, 570 cm ™)
appear in B due to the lattice vibration of PO;~. The

A, five new peaks

peaks both at 962 and 551 ¢cm™ become much sharper
than A, which may be due to the weaker symmetrical
stretching vibration of OH bonds in the pore affected by
encapsulating. Similarly, the -OH flexion vibration
shifts from 1640 to 1 617 ¢cm™, in agreement with the
result of XRD.
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Fig.3 FTIR for A and B

2.3 SEM and TEM analysis

SEM and TEM images for A, B, and C are shown
in Fig.4. As shown in SA, the particles for sample A are
unified rod-shape with an average particle diameter of
150 nm. The particles for sample C show agglomeration
seriously with particle diameter larger than 60 nm.
However, the SEM image for particles B are unified
rod-shape like sample A. The TEM image for B (TB)
reveals that the EuPO,:Zn particles (black) are dispe-
rsed on MCM-41, due to an electrostatic adsorption on
the Si-OH groups on the surface of MCM-41".. Hsieh
et al.”™ found that it is the electrostatic force induced by
the charged oxygen defects that makes the metal

nanoparticles strongly attracted.

w S um

. 100 nm

Fig.4 SEM images for A, B and C (respectively SA, SB and SC); TEM images for A, B and C (TA, TB and TC)
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2.4 Fluorescence spectra

The PL spectra for A, B, and C are illustrated in
Fig.5. In Fig.5a, the strongest excitation band of B is
centered at 394 nm and there are not any detectable
absorption bands for C. In Fig.5b, the PL emission
spectrum of B not only shows the bands (430~490 nm)
appeared in MCM-41 originated from structural defects,
such as non-bridging oxygen hole centers (NBOHCs),
=Si-0', oxygen-deficient centers™!, but also has chara-
cteristic bands of Eu**, including 587, 593, 612 nm.
(587 nm and 593 nm) ascribe to the

Dy-"F, transitions of Eu’* and are the magnetic-dipole

The main bands

(M1) allowed transition, decided by the symmetry of the
Eu** centers. Usually, the *Dy-"F| transitions are weaker
than the °Dy-"F, ones which are forced electric-dipole
(E1) transitions as reported in literatures®”. The Eu**
ions in B are at the sites of symmetry inversion centers
sensitive to the symmetry than the environment of the

coordination™, Compared to B, sample C does not show
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any detectable fluorescence, suggesting that the
observed emission arise from the encapsulation of the
EuPO4Zn in MCM-41. Because the PL quenching effect
of characteristic emission decreases with the agglome-

(band at 587 nm
and 593 nm) of B can be attributed to the matrix of

ration, the characteristic emissions

MCM-41 because of the large surface and small volume
which can disparate the EuPO,Zn particles well.
Besides, the small particles of EuPO4:Zn in the pores of
MCM-41 also contributed to the PL characteristic
emission of Eu™.

Fig.6 shows optical micrographs for A, B and C,
recorded by a digitalized inverted microscope. All the
samples are observed in the fluorescence mode
(excitation with Hg lamp at violet radiation). The blue
emission can be observed obviously in A, and there is
not visible radiation observed in C. However, both the
blue and orange light are observed in B, agreed with the

results of fluorescence spectra.

10004 (b)
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Fig.5 PL excitation spectra (a) and the PL emission spectra (b) for A, B and C

Cc

Fig.6  Optical micrographs for A, B and C, magnification of 40x (A) and 40x (B), 40x (C)

2.5 Adding amount of the Eu and Zn of the
composite B

In general, the excess of activators quenches the
photoluminescence. So, it is necessary to find the

critical concentration of Eu** in terms of optimizing the

luminous efficiency of the composite B. Because of the
constant contents of MCM-41 in B, the relative values
of PL intensity (/53:l43) are used to measure the Eu** PL
intensity for the composite and the PL intensity emitted

at 468 nm is used as the internal standard for B. The PL
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emission spectra and the relative value of Is; i, are
affected by the adding amount of EuNO;-6H,0 as
illustrated in Fig.7 under the condition of 2 mmol
7Zn(NO3),-6H,O. As seen from b, the relative value
of Isy; s increases at first, then decreases with the
increase of the adding amount of EuNO;-6H,0. This is
due to that the PL intensity of Eu’* ions have
relationship with the density of Eu** ions in elementary
cell®. When the adding amount of EuNO;-6H,0 is less
than 1 mmol, the molar content of Eu in B is less than
9.44% and the density of Eu’* ions in the cell is
increased with the adding amount of EuNO; -6H,0,
leading to the increase of PL intensity of Eu**. Further-
more, when the adding amount of EuNO; -6H,0 is 1
mmol, the molar content of Eu in B is 9.44% and the
Eu* ions could be coordinated with 9.44% of PO,* ions
completely. As the consequence, the PL intensity of
Eu’* ions reaches the strongest. However, with the
further increase in the adding amount of EuNO;-6H,0,
the increased Eu* ions in the EuPO, crystalline phase

may lead to the shorter distance between the Eu** ions

1000

(a)

800 1

Intensity / a.u.

400 4

2004

550 600 650 700

Wavelength / nm™!

450 500

centers. Besides, the superposition of Eu’* electron
cloud becomes more seriously, thus decreasing the PL
emission at 593 nm. So, the appropriate amount of
EuNO;:6H,0 is 1 mmol.

The PL emission spectra and the trend chart affec-
ted by adding amount of Zn(NO3),-6H,0 are illustrated
in Fig.8 under the condition of 1 mmol EuNO;+6H,0.
In b, the relative value of Isp;:/45 increases sharply until
the adding amount of Zn(NO;),*6H,0 reaches to 2 mmol.
However, the value decreases with the further increase
of the Zn(NO3),+-6H,0. The Zn* may be regarded as the
taps in the lattice of europium™ to capture the photons,
and the electrons would transfer to excited state of Eu**
finally via way of Zn**—P0O/—Fu**. As a result, the
PL emission of Eu** becomes much stronger. However,
the sequential increase of adding amount of Zn(NO;),-
6H,0 induced to the molar content of Zn in the B
comosite more than 0.37% . The less than 0.36% P
molar content is not enough to coordinate with Zn** ions
by PO~ ions. On the contrast, the interaction between

the Zn®*ions and Eu* ions becomes stronger, leading to
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Fig.7 PL spectra (a) and the value of Isp:/,s changed with the content of EuNO;-6H,0
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Fig.8 PL spectra (a) and the value of Is;!li, as a function of Zn(NOs), 6H,0 content
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the energy of some excited state europium lower than
the energy °Dy—7F, transi-tion in 4f™. So the PL
intensity becomes much weaker, and the appropriate
amount of Zn(NO;),+6H,0 is 2 mmol.
2.6 Calcination conditions

The relative value of Isy; il heated at different
temperatures are illustrated in Fig.9(a). The relative
value increases with temperature and the maximum is
obtained at 800 °C. High temperature is beneficial to
the formation of crystal™, so the EuPO,:Zn crystalline
phase is formed perfectly at 800 °C . However, the
relative value decreases greatly at 900 °C, due to the
collapse of MCM-41 and poor dispersion of EuP0,:Zn
particles. The XRD patterns obtained at different

in b. The

characteristic diffractions for B were obtained at 800 °C

temperatures are illustrated strongest
in accord with results in Fig.9(a), suggesting well
formation of the lattice arrangement. So the reasonable
calcination temperature is 800 °C.

The PL emission spectra under 800 C as the
function of the calcination time and the relative value of
Lso3: 145 are illustrated in Fig.10. In b, there is a sharp
increase in the relative value from calcination time of 2
to 3 h, then increases slowly with the calcination time.
The emission at 593 nm is decided by the symmetry
inversion centers of Eu’*, so longer calcination time is
favorable to better arrangement of crystal phase,thus

stronger PL emission.
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Fig.9 Relative value of Is;:l,s and XRD patterns as a function of calcination temperature
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Fig.10  PL spectra (a) and the relative value of Iso:li6

3 Conclusions

The EuPO4:Zn@MCM-41 composite was synthes-
ized by dispersing the EuPOgZn particles onto the
MCM-41 through a simple Pechini sol-gel process. The
EuPO,:Zn particles were dispersed well by the host of
MCM-41 compared to the pure EuPO,:Zn. Besides, the
EuPO,:Zn@MCM-41 shows both the blue and orange
PL emissions, which is the magnetic-dipole allowed

transition (M 1) ascribed to the *Dy-"F| transitions of Eu®*

ions. The highest PL emission at 593 nm for EuPO,:Zn
@MCM-41 composite has been evaluated by the mono-
factorial analysis. The Zn?** in the EuPO,:Zn@MCM-41
composite may be considered as the taps in the lattice
of europium to capture the photons, and the electrons
would transfer to the excited stated of Eu’* via way of
Zn*—P0O —Eu™.

The dispersion effect of MCM-41 is confirmed.

Moreover, this paper suggests no more than enough the
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expensive rare earth should be used. Under optimized
conditions, the EuPO,:Zn@MCM-41 can be used as a

luminescent material in solid-state light resources.
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