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Abstract 300 nm Eu(DBM ) ;Phen/SD, collbidal hybrid spheres w ere synthesized by mod ified St6berm ethod The

silica spheres were selfrassembled into 3D ordered crystal structure w ith 5mm thick and over relative large areas ( 12

(Jllz) via sed mentation The scanning electron m icroscopy ( SEM ) m ages ndicate that the cubic-close-packed strue-

wre extends alnost all of the layers along the direction perpendicular to the surface of the bottan of the beaker and the

close-packed order extends throughout the colloidal crystal

Furthemore elamental analysis of silica spheres by

EDAX establishes that the fluorescent molecules contained i the SD, colloidal spheres Under 355 nm continuous

excitation the ordered stucture exhibits characteristic an ission of trivalent europium ions
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1 Introduction

In recent years much attention has been paid
to silica-coated colloidal particles due to their capa-
bility of fom ing regular three-d m ensional (3D) or
dered structure which is useful in many areas For
exanple as diffractive elanents in the fabrication of
photonic erystald'™*. Photonic crystals are highly
ordered materials that have a spatially periodic die-
lectric constant w ith a lattice parameter canparable
to the wavelength of the electranagnetic wave
Periodicity affects the propagation of electram agnetic
waves i thematerial due to Bragg reflections on lat-
tice planes The resulting photonic band gap ( PBG
or stop band) may exhbit a frequency band n
which the propagation of electran agnetic wave is for-

bidden irrespective of their directions of propagation
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Documn ent code A

n reciprocal space

Lum nescence of lanthanide ions has several
special properties such as very long decay tme
large Stokes shift and sharp en ission profile which
make then w idely used n the fields of lum nescence

device lm nescence sensor and lim nescence bio-

' However the problan of color

bgical labeling >
purity sanetmes affects their further expansion n
practical applications An altemative route is coating
lanthan e m aterials w ith silica and then fom ing regu-
lar three-din ensional ( 3D) photonic crystals Such
a photonic crystal can be used to lbcalize hm mes-
cence frm rare-earth (RE) ions to specific areas

to mhibit same spontaneous amission of RE ions

and to guide propagation of em ission wavelengths of
RE ions albng certain directions at restricted fre-

quencies On the other hand the spontaneous an is-
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sion of lanthanide ions can be modified by the pho-
tonic crystals with a bandgap Therefore n this re-
port we used sedinentation a smple
and effective method to selffassanbly Eu (DBM );-
Phen/SD, mto 3D ordered crystal stucture This

nexpensive

crystal presents a close-packed lattice assembled
fran 300 mm silica-coated europum canplex This
crystallne assenbly exhbits a relative laige area

ordered structure through SEM

. e .. 3+ .
presents characteristic am ission of Eu™™  ions

observation and

2 Experments

The 3D ordered Eu( DBM ) ; Phen/SD, colbidal
spheres were prepared through three steps Firstly

the Eu tris ( dibenzoyhethanato ) phenanthroline
[Eu(DBM);Phen] canplex was prepared as fok
lows 3 mmol DBM, 10-phenanthroline
and 1 mmol EuCk were dissolved n 40 mL ethanol

under stirring The sodium ethylate was added drop-

1 mmol L

wise until the pH of the reaction m kuture reached
6~ 7 The solution was stirred for 3~ 4 h at constant
tem perature to get the stable and water free octacoor
dmated fom. The precipitate was washed w ith ace-
tone and absolute ethano] recrystallized with ace-
tone Secondly the silica collbid s fomed by the
Stobermethod . The 100 mg purified canplex was
dissolved nto 5 mL acetone A fter canpletely dis-
solving them xture was poured into 100 mL ethanol
bath contaming NH; * H,0 (256 ) and distilled
water under well stirrimg for more then 1 h Then
(0 03 mol tetraethoxysilane ( TEOS)
added dropw ise to the solution A fter continuously
stirrmg for 3 b the sanples were rinsed thoroughly

solution was

with ethanol and acetone dried m air The white

particles were acquired At last the as-prepared
product was dispersed nto 20 mL water and then
transfered into a 25 mL clean beaker The beaker
was covered by a 1 000mL beaker to keep out exter-
nal airflw and contan mation The entire apparatus
is placed on a vibration-free table untilwater in the

collbbidal suspensions evaporated to leave well

ordered Eu( DBM ) ;Phen/SD, collodal spheres at
roan temperature

The collbidal spheres were characterized by

using scanning electron m icroscopy ( XL 30 ESEM
FEG, FEI Canpany). The sanple used for SEM
was prepared by moving it out of the beaker and pla-
cing on the silica slides Roan-tanperature an ission
spectra under 355 nm excitation w ere perfom ed w ith

aH itachiF-4500 fluorescence spectran eter
3 Results and D iscussion

Lanthanide chelates with J-conjugated ligands
such as B-diketonnato are a kind of materials w ith
excellent km nescent properties The RE ions sur
wunded by the ligands are excited via intranolecular
energy transfer fran the triplet excited stated of the
ligands which leads to a high inner quantum effr
ciency DBV and Phen and their derivatives are
generally used for lanthanide canplexes that are
Fig 1(a) and Fig 1(b)

give the molecular structure and energy transfer

canm ercially available

process of Eu( DBM ) ; Phen prepared mn the experr
ment The Fig 1( c) presents the absorption spec-
tim of Eu ( DBV );Phen chelate n acetone solu-
tion The 355 nm absomption band is attrbuted to
the absomtion of dibenzoyh ethane

The Eu(DBM ) ; Phen/SD, colloidal crystals dr
rectly deposited on bottan of the beaker Fig 2
shows SEM m icrographs of Eu ( DBM );Phen/SD,
colbidal spheres w ith 5mm thick and 12 an” areas
A lthough there are same silica spheres do not present
3D ordered stucture whichmainly result from artr
ficial vibration when we taken the sanple out fran
the beaker the close-packed arrays of Eu(DBM ) ;-
Phen/SD, spheres are clearly observed Fig 2( a)
and 2( b) show a portion of the assembly at high
magnification which indicate the silica spheres size
is 300 nm. Fig 2(a) and 2( ¢) show the top views
of a portion of the crystallme assembly The silica
spheres i the top layer form a closely packed and
hexagonal array fran the SEM images As can be
seen, the 300 nm silica spheres spontaneously or
ganized mnto a highly ordered face-centered cubic
( fce) close-packed structure with the (111) plane
paralleling to the bottan of the beaker Fig 2( b)
and 2 (d)
the assembled structure These SEM i ages mdicate

show cross-sectional SEM mages of



786 A A R % 29%
Note that the close-packed order extends throughout
_ \) S (a) the colloidal crystal A Il these pomnts reflect the high
[ '\‘ ' - degree of crystallne order achieved n Eu(DBM );-
PN 0= . .
| Fui Phen/SD, colbidal crystals Furthemore elemen-
A |
N b tal analysis of silica spheres by EDAX (Fig 3) es
' \) 3 tablishes that the fluorescentmolecules are contamned
n the SD, collbidal spheres
26 000 cm™ b) 2000 S
251 S TS '
j\ 20 600 cm™ 0
~ 20 L T S 15008
% ﬁ‘[]u
g IS R £
= n 3 10000
¥ 10t 11 | | =
'c. | | | [ |
- 5 1l | | ¥, Sm]L
" T Eu
), .“‘l(. - ' —g_ '"]-‘(i " El.l " s |é\11 Lt
DBM ligand Eu* 01 23 4 56 7 8 9101112
ElkeV
Fig 3 EDAX spectnm of ordered Eu( DBM );Phen/SD,
o colloidal erystals
S
E Fig 4 presents the roan tanperature am ission
% spectra under the 355 mm excitation which corre-
=

L Il 1 1 —1 y— I
300 320 340 360 380 400 420 440
A/nm

Fig. 1 The molecular structure(a), energy transfer process
(b) and absorption spectrum(c) of Eu( DBM),Phen

chelate in acetone solution.

Fig.2 SEM micrographs of ordered Eu( DBM ) ;Phen/SiO,
colloidal crystals. (a) and (c) are the top view of a
portion of the crystalline assembly. (b) and (d) are
the cross-sectional SEM images of the assembly
structure.

that the cubic-close-packed stmcture extends alost
all of the layers along the direction which is perpen-
dicular to the surface of the bottan of the beaker

In the

an ission spectum of the ordered structure the dan-

sponds to the absomption of the DBM ligands

nating en ission at 611 nm is due to the forced elec-
tric dipole transition (*Dy—F,), which is allowed
on condition that the europium ion occupies a site
w ithout mverse center and its mtensity is hypersensr
tive to crystal envirorments The peak near 590 nm
corresponds to Dy = 'F, transiton which derives
fran allowed magnetic dipole transition and the
an ission around 580 nm origins fran the Dy~ F,
transition In addition en isson peaks near 616 nm
and 623 nm are corresponding to the Stark splitting

.5 7 .
of 'Dy— F, transition

1.2

!])n"_’er
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Em ission spectra of 3D ordered Eu( DBM );Phen/

SD, collbidal erystals( A, = 355 mm).

Fig 4
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4  Conclusion

In conclusion we have prepared 300 nrm Eu-
(DBM ) ;Phen/SD, collbidal spheres using Stober
method And then selfassamble the silica spheres
nto 3D ordered crystal structure with 5 mm thick
and 12 an’ areas via sedinentation The sanple

presents ordered structure as indicated by scanning

established that the fluorescent molecules were con-
SD, collodal spheres The ordered
stucture shows characteristic an ission of europ im
In the future work
the attention should be paid to selfrassamble differ-
ent size S, -coated lanthanide materials and T D, -
coated lanthanide materials nto three-dim ensionally

tamed m the S

ions under 355 mm excilation

ordered structure and subsequently fom photonic

electron m icroscopy mages In additon EDAX crystals with a canplete bandgap
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